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Abstract

Background: Living inaconurbation, urban, or rural environment isan important determinant of health. For example, conurbation
and rural living is associated with increased respiratory and allergic conditions, whereas a farm or rura upbringing has been
shown to be a protective factor against this.

Objective: The objective of the study wasto assess differencesin general practice presentations of allergic and infectious disease
in those exposed to conurbation or urban living compared with rural environments.

Methods: The population was anationally representative sample of 175 English general practices covering a population of over
1.6 million patients registered with sentinel network general practices. General practice presentation rates per 100,000 popul ation
were reported for alergic rhinitis, asthma, and infectious conditions grouped into upper and lower respiratory tract infections,
urinary tract infection, and acute gastroenteritis by the UK Officefor National Statistics urban-rural category. We used multivariate
logistic regression adjusting for age, sex, ethnicity, deprivation, comorbidities, and smoking status, reporting odds ratios (ORS)
with 95% Cls.

Results. For allergic rhinitis, the OR was 1.13 (95% CI 1.04-1.23; P=.003) for urban and 1.29 (95% CI 1.19-1.41; P<.001) for
conurbation compared with rural dwellers. Conurbation living was associated with a lower OR for both asthma (OR 0.70, 95%
Cl 0.67-0.73; P<.001) and lower respiratory tract infections (OR 0.94, 95% Cl 0.90-0.98; P=.005). Compared with rural dwellers,
the OR for upper respiratory tract infection was greater in urban (OR 1.06, 95% CI 1.03-1.08; P<.001) but no different in
conurbation dwellers (OR 1.00, 95% CI 0.97-1.03; P=.93). Acute gastroenteritis followed the same pattern: the OR was 1.13
(95% CI 1.01-1.25; P=.03) for urban dwellers and 1.04 (95% CI 0.93-1.17; P=.46) for conurbation dwellers. The OR for urinary
tract infection was lower for urban dwellers (OR 0.94, 95% CI 0.89-0.99; P=.02) but higher in conurbation dwellers (OR 1.06,
95% Cl 1.00-1.13; P=.04).

Conclusions: Those living in conurbations or urban areas were more likely to consult ageneral practice for alergic rhinitis and
upper respiratory tract infection. Both conurbation and rural living were associated with an increased risk of urinary tract infection.
Living in rura areas was associated with an increased risk of asthmaand lower respiratory tract infections. The data suggest that
living environment may affect rates of consultations for certain conditions. Longitudinal analyses of these data would be useful
in providing insights into important determinants.
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Introduction

Methods

Urbanization as a Deter minant of Health

There is a wide range of social determinants of health.
Conurbation, urban, and rural living areimportant among these,
although their different effectsare still unclear [1]. Urbanization
is increasing, and the United Nations has predicted that the
world urban population will double between 2007 and 2050.
Urbanization is an important determinant of health [2], as it
may create incubators for infectious disease [3].

Factors associated with urban and rural living contribute to
differences in respiratory and allergic conditions. Pollution,
climate change, and pollen exposure are al associated with
increased respiratory and alergic conditions [4-6]. Farm and
rural upbringing have been shown to be protective against
alergic rhinitis compared with urban living [7,8]. The same
gradient has been reported for asthmain northern Europe [9].
However, asthma has aso been shown to have an increasing
incidence with higher levels of air pollution, but there is
inconsistency between age groupsfor specific pollutants[10,11].
Pollen levels may also be important in precipitating
exacerbations of asthma [12], and there may be a complex
interaction between them and with the weather [13]. Much less
is known about the impact of conurbation, urban, and rural
living on wupper respiratory tract infection (URTI),
gastroenteritis, or urinary tract infection (UTI).

The UK Roya College of Genera Practitioners (RCGP)
Research and Surveillance Centre (RSC) is one of the oldest
sentinel networksand isin its 50th season of reporting infections
and respiratory conditions [14,15]. This is a long-standing
collaboration with Public Health England [16,17]. The network
is recruited to be nationally representative and, at the time of
this report, comprised over 1.6 million registered patients. The
network’s capabilities include reporting whether patients live
in a conurbation, urban, or rural area.

Objective

We carried out this study to determine whether exposure to
living inaconurbation (high-density living), urban (intermediate
density, such as a city or town), or rural (least dense, such as
the countryside) environment was associated with more
presentations to a general practice (GP) of alergic (alergic
rhinitis and asthma) or common infectious conditions. This
investigation is the theme of the RSC's annua report on
diseases. The annual report also includes the annual weekly
rates of GP presentations of all our monitored conditions
(Multimedia Appendix 1).

http://publichealth.jmir.org/2018/4/€11354/

Design, Setting, and Ethical Considerations

We extracted datafrom 175 volunteer GPsthat are members of
the RCGP RSC, with a cohort of 1,602,366 patients registered
for the first 6 months of the period of April 1, 2016 to March
31, 2017. All data are pseudonymized as close to source as
possible. Datawere coded with Read version 2 or Clinical Terms
version 3 [18]. We only extracted coded data, not free text.
Disease surveillanceis part of standard health service activity,
so no specific ethical approval was needed. No personal
identifiers are held on the RCGP RSC secure network at the
University of Surrey. We did not process the data of patients
who had an opt-out code (2.2% of the RCGP RSC population).

Data Preparation

We determined a patient’s urban classification by using a UK
Office for National Statistics (ONS) lookup tool [19]. We did
thison an individual-patient level basisusing the ONS's L ower
Super Output Area to estimate population density. Based on
this lookup tool, if a patient's population was classified as
mainly rural or largely rural, we classified them as living in a
rural population. If a patient lived in an urban with significant
rural, urban with city and town, or urban with minor conurbation
area, we classified them asliving in acity or town (referred to
as rural throughout this paper). If a patient lived in an urban
with major conurbation area, we classified them asliving in a
conurbation. These were based on the ONS Lower Super Output
Area, which has a mean size in England and Wales of 1640,
with population sizesranging from 820 in South Cambridgeshire
to 8250 in Oxford [20].

Our outcome variables, presentation to a GP for allergic and
infectious conditions, were a composite of similar conditions
grouped together, a method we adopted for the 2016-2017
annual report. To identify our outcomes, we used Read version
2 codes and Clinical Terms version 3 codes to extract the data.
These codes are based on International Classification of
Diseases, Tenth Revision codes. Allergic conditions were
alergic rhinitis (including hay fever) and asthma. We divided
infections into lower respiratory tract infections (LRTIS),
comprising acute bronchitis, pneumonia, and pleurisy; URTIs,
including tonsillitis, common cold, sinusitis, conjunctivitis, and
otitis media; acute gastroenteritis (AGE); and UTI. We did not
include influenza-like illness in this analysis, although data
about these illnesses are contained in the annual report
(Multimedia Appendix 1), aswe plan aseparate analysistaking
into account vaccine exposure. Similarly, we excluded
less-common conditions (eg, measles, mumps, scabies), athough
their weekly rates of GP presentation areincluded in the annual

report.
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In exploring the association between living area and allergic
and infectious diseases, we adjusted for age, sex, ethnicity, and
socioeconomic status using the Index of Multiple Deprivation
(IMD). The IMD isthe official measure of relative deprivation
for areasin England. It uses 7 domains of deprivation to produce
an overall measure (income, employment, education, health,
crime, housing and services, and living environment) [21]. We
grouped these variables as follows. sex (femae was the
reference group); age bands (1-4 years, 5-17 years, 18-64 years,
and =65 years, the reference was 18-64 years); ethnicity (white
ethnicity was the reference; we divided the others into Asian,
Black, mixed, other, and unclassified ethnicities) using an
ontological approach to maximize identification [22]; and
deprivation. Using the IMD, we divided deprivation into
quintiles (quintile 1, most deprived, was the reference).

From the cohort of 1,602,366 patients registered, we compiled
and reported data on conurbation, urban, and rura living by
age, sex, ethnicity, and IMD score. We aso controlled for
comorbid disease. We grouped comorbiditiesinto thefollowing
groups: 0 comorbidities (reference), 1 to 2 comorbidities, and
3 or more comorbidities. We included the following as
comorbidities: depression; hypertension; chronic obstructive
pulmonary disease; rheumatoid arthritis; dementia; stroke or
transient ischemic attack (grouped as cerebrovascular disease);
acute myocardial infarction, angina, and coronary artery disease
(grouped asischemic heart disease); congestive cardiac failure;
peripheral arterial disease; chronic kidney disease; diabetes
mellitus; and atrial fibrillation. We also included and controlled
for smoking statusin our analysis, grouping smokersinto active
smokers (reference), ex-smokers, nonsmokers, and unknown,
based on their latest recorded smoking habit. We used these
comorbidities becausethey are quality and outcomes framework
indicators that are used to rate GP performance [23,24]. These
conditions are representative of common chronic diseases and
likely to be consistently recorded between practices.

Statistical Analysis

To understand whether rural, urban, or conurbation living was
associated with GP presentation for certain allergic or contagious
diseases, we carried out amultivariate logistic regression, with
rural, urban, or conurbation asthe predictor variable and disease
asthe outcome variable. We report the odds ratio (OR) and 95%
Cl from the multivariate logistic regression [25] for conurbation,
or urban compared with rural (reference). An OR greater than
1limplies greater odds of a patient living in a conurbation or an
urban area presenting with the condition, and an OR of lessthan
1 suggests lower odds of apatient living in a conurbation or an
urban area presenting with a condition, adjusting for other
variablesinthe model. We created an aggregated table showing
those conditions with significant results highlighted. Given the
large number of models, we applied a Benjamini-Hochberg
correction [26]. We also report probability (P value), which we
calculated from the coefficients of the logistic regression.

In addition to the main effect of urban, rural, and conurbation
living on GP presentation, we looked at the interaction of age

http://publichealth.jmir.org/2018/4/€11354/
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band or sex and urban, rural, and conurbation living on GP
presentation (see Multimedia Appendix 2 for detailed results).
We also created forest plots for age bands and each of the
conditions (Multimedia Appendix 3).

The analysis presented in the annual report (Multimedia
Appendix 1) includes the following: (1) a map of the national
distribution of RCGP RSC practices; (2) summary tables
showing the conditions we monitor (median age, using
horizontal box and whisker plots; sex distribution of our
monitored conditions; ethnicity distribution, comparing white
versusall other ethnicities; median IMD, using ahorizontal box
and whisker plot; and conurbation, urban, and rural distribution
of our monitored conditions); and (3) weekly GP presentation
rates of the conditions monitored by the RCGP RSC. Population
denominators were based on the population registered in the
participating practices in December. The weeks are numbered
using the International Organization for Standardization system

[27].
Results

Population

The RCGP RSC network population consists of 1,602,366
people. Older (>65 years. n=68,378, 25.01%), less deprived
(IMD score=3: n=274,349, 25.62%), and less ethnically mixed
(white: n=204,954, 20.8%; black: n=528, 1.00%) populations
live in rural areas. In comparison, younger (25-44 years.
n=182,322, 40.7%), ethnically mixed (black: n=44,690, 88.7%;
Asian: n=30,827, 67.4%), and more deprived (IMD score <3:
n=280,714, 52.81%) populations live in conurbations (see
Multimedia Appendix 2, table B.7, and Multimedia Appendix
3, figures C.5-C.7).

Main Effect

Those living in a conurbation, in comparison with arural area,
had greater odds of presenting to aGP with allergic rhinitis (OR
1.29, 95% Cl 1.19-1.41; P<.001) but had lower odds of
presenting with asthma (OR 0.70, 95% CI 0.67-0.73; P<.001)
and LRTI (OR 0.94, 95% CIl 0.90-0.98; P=.005).

Those living in urban, compared with rural, areas had greater
odds of presenting to aGP with allergic rhinitis (OR 1.13, 95%
Cl 1.04-1.23; P=.003), URTI (OR 1.06, 95% CI 1.03-1.08;
P<.001) and AGE (OR 1.13, 95% CI 1.01-1.25; P=.03). On
the other hand, urban dwellers were less likely to present to a
GP with UTI (OR 0.94, 95% CI 0.89-0.99; P=.02; Table 1).
Figure 1 displays these main effectsin more detail.

Inter action Effects

We found no interactions between sex and living area, although
we did find 4 interactions for age band and living area, using
rural and working age (18-64 years) as reference groups.
Children aged Oto 4 yearsliving in urban areaswere more likely
to present to a GP with asthma than were adults aged 18 to 64
yearslivinginrura areas (OR 1.42, 95% Cl 1.20-1.68; P<.001).
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Table 1. Oddsratios (ORs) and 95% Cls of the main effect of conurbation and urban living (rural is the reference) on the 6 conditions of interest.

Conditions of interest Conurbation Urban area

OR (95% ClI) P value® OR (95% ClI) P value?
Allergic rhinitis 1.29(1.19-1.41)°  <.001P 1.13(1.04-1.23®  .003°
Asthma 0.70(0.67-0.73)°  <.001° 0.97 (0.93-1.01) A1
Lower respiratory tract infection 0.94 (0.90-0.98)° 005 1(0.96-1.04) .89
Upper respiratory tract infection 1(0.97-1.03) .93 1.06 (1.03-1.08)° <.001P
Acute gastroenteritis 1.04(0.93-1.17) 46 1.13 (1.01-1.25)° 03°
Urinary tract infection 106(1.00-1.13)°  .04° 0.94(0.89-099°  .02°

8 value adjusted using Benjamini-Hochberg correction.
POR>1 and significant adjusted P value.
®OR<1 and significant adjusted P value.

Figure 1. Forest plot showing odds ratios for various allergic and infectious diseases based on living area. AGE: acute gastroenteritis; LRTI: lower
respiratory tract infection; ref: reference; URTI: upper respiratory tract infection; UTI: urinary tract infection.
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From theresults of thelogistic regression (Multimedia Appendix
4), we could infer the odds of childrenin certain areas presenting
with asthma. For example, there was a27% decreasein the odds
of 0- to 4-year-olds presenting with asthmaif they livedin rural
compared with urban areas. Children aged between 5 and 17
yearswere morelikely to consult for URTI than adults aged 18
to 64 years living in rural areas (OR 1.06, 95% CI 1.02-1.11;

http://publichealth.jmir.org/2018/4/€11354/

RenderX

P=.01). On the other hand, children aged O to 4 yearslivingin
urban areas were less likely to present with AGE than were
adults aged 18 to 64 living in rural areas (OR 0.84, 95% CI
0.72-0.98; P=.03). Over-65-year-oldsliving in urban areaswere
less likely to consult for URTI (OR 0.92, 95% Cl 0.88-0.97;
P<.001) and AGE (OR 0.85, 95% CI 0.72-0.99, P=.04) than
was our reference group (Table 2). Children aged 0 to 4 years
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living in a conurbation were more likely to consult for URTI
(OR 1.25, 95% CI 1.19-1.31; P<.001) than were 18- to
64-year-olds living in rural areas. Children aged 5 to 17 living
in conurbations were more likely to consult for asthma (OR
1.14, 95% CI 1.05-1.23; P=.001), LRTI (OR 1.32, 95% CI
1.18-1.47; P<.001), URTI (OR 1.25, 95% CI 1.20-1.31;

de Lusignan et al

P<.001), and AGE (OR 1.64, 95% CI 1.36-1.98; P<.001) than
was our reference group. Additionally, those aged over 65 living
in conurbations were more likely to consult for asthma (OR
1.29, 95% CI 1.21-1.39; P<.001) and LRTI (OR 1.14, 95% CI
1.08-1.21; P<.001) than was our reference group (Table 3).

Table 2. Odds ratios (ORs) and 95% Cls of the main effect of urban (rural is the reference) and interaction terms of urban area with age band (18-64

yearsisthe reference) on the 6 conditions of interest.

Conditions of interest 0-4 years 5-17 years >65 years
OR (95% ClI) P value? OR (95% ClI) P value® OR (95% ClI) P value?

Allergic rhinitis 0.81 (0.63-1.04) .09 0.93 (0.83-1.05) 23 1.08 (0.94-1.25) 29
Asthma 1.42 (1.20-1.68) <.001 1.05 (0.98-1.13) 18 0.96 (0.91-1.02) 18
Lower respiratory tract infection ~ 0.99 (0.91-1.08) 85 1.11 (1.00-1.23) .06 1.03 (0.99-1.09) 17
Upper respiratory tract infection 1.03 (0.99-1.08) .16 1.06 (1.02-1.11) .01 0.92 (0.88-0.97) <.001
Acute gastroenteritis 0.84 (0.72-0.98) .03 1.01 (0.84-1.22) 92 0.85 (0.72-0.99) 04
Urinary tract infection 1.100 (0.87-1.38) 43 1(0.86-1.17) .97 0.98 (0.91-1.05) .58

3P value adjusted using Benjamini-Hochberg correction.

Table 3. Odds ratios (ORs) and 95% CI of the main effect of conurbation (rural is the reference) and interaction terms of conurbation with age band

(18-64 yearsis the reference) on the 6 conditions of interest.

Conditions of interest 0-4 years 5-17 years 265 years
OR (95% ClI) P value? OR (95% ClI) P value® OR (95% ClI) P value®

Allergic rhinitis 0.84 (0.65-1.07) 16 0.94 (0.83-1.05) 27 0.99 (0.85-1.17) 94
Asthma 1.08 (0.90-1.29) 43 1.14 (1.05-1.23) .001 1.29 (1.21-1.39) <.001
Lower respiratory tract infection 0.98 (0.90-1.07) .68 1.32 (1.18-1.47) <.001 1.14 (1.08-1.21) <.001
Upper respiratory tract infection  1.25 (1.19-1.31) <.001 1.25(1.20-1.31) <001 1.02 0.97-1.08() 40
Acute gastroenteritis 0.94 (0.80-1.10) 45 1.64 (1.36-1.98) <.001 0.93 (0.78-1.12) 45
Urinary tract infection 1.13(0.89-1.43) 31 1.04 (0.89-1.22) .61 1.02 (0.94-1.10) .63

3P value adjusted using Benjamini-Hochberg correction.

Discussion

Principal Findings

Patients living in conurbations or urban areas were more likely
to consult for alergic rhinitis and URTI, after adjustment for
age, sex, ethnicity, socioeconomic status, comorbid disease,
and smoking status. The OR of presenting with alergic rhinitis
increased with population density. While living in rural areas
was associated with an increased risk of asthmaand LRTI, both
conurbation and rural living were associated with an increased
risk of UTI.

Age and living environment interacted when predicting the GP
presentation rates of these conditions. Children living in urban
areas were more likely to consult for asthma (0-4 years) and
URTI (5-17 years) than were 18- to 64-year-old adults living
inrural areas (our reference group). Additionally, childrenliving
in conurbations were more likely than our reference groups to
consult for URTI (0-17 years), LRTI, asthma, and AGE (5-17
years). Over-65-year-oldsliving in conurbations were al so more
likely than our reference group to consult for asthma. The risk
of AGE was increased in 18- to 64-year-olds living in rura

http://publichealth.jmir.org/2018/4/€11354/

areasin comparison with O- to 4-year-olds and over-65-year-olds
living in urban areas. Rural living for 18- to 64-year-olds was
associated with an increased risk of URTI compared with
over-65-year-oldsliving in rural areas.

Comparison With Prior Work

Conurbation and urban living was associated with increased
presentation with allergic rhinitis to a GP. This is consistent
with previous research finding that alergic rhinitis is more
common in urban areas and conurbations [8,28].

Those living in conurbations had higher odds of consulting for
UTI. Conurbation living is arguably very different from rura
living. For example, the population density is higher [29], the
nightlife is more active [30], and the levels of risky sexua
behavior are higher in conurbations [31,32]. As one of therisk
factors for UTls in women is sexual intercourse [33-35], the
lifestyle of conurbation living may explain this finding.
However, more research is needed to test this.

The results also showed that those living in rural areas were
more likely to present with LRTI and asthma. Some studies
have found that urban living is associated with increased odds
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of devel oping asthma[36], whereas others have found that rural
living increases the odds [37]. Clearly more research is needed
to identify environmental risk factors for developing asthma.
Risk factorsfor LRTI vary acrossdifferent studies. For example,
risk factors for developing LRTI in children have been found
to be pollution, poor ventilation [38], living in urban areas, and
parental smoking [39,40]. In older people, difficulty taking
medication and poor mobility were risk factors [41]. Based on
these risk factors, it is difficult to understand our findings, as
pollution and poor ventilation are morelikely to be factorsfound
in conurbations. However, looking a preventive factors for
developing LRTI may explain theresults. For example, research
has found that influenza vaccination can be a protective factor
against LRTI [41,42]. Furthermore, some studies have found
that individuals living in rural areas are less likely to obtain
preventive health services such asthe influenzavaccine [43-45].
Thismay possibly explain our findings, although more research
is needed.

Infectious diseases are associated with population density [3];
therefore, the increased odds of AGE in adults aged 18 to 64
years living in rural areas does not fit with previous research.
A possible explanation may be related to food-borne illness.
Risk factorsfor certain food poisoning—related bacteriainclude
eating restaurant-prepared food, eating undercooked food,
drinking raw milk, having contact with farm animals, and
travelling abroad [46,47], factors that may be associated with
rural living [48,49].

Implications of the Findings

Living in a conurbation or an urban area leads to an increased
risk of allergic rhinitisand URTI in all people, and an increased
risk of URTI, LRTI, asthma, and AGE in children. Theseresults
are in line with previous research, as densely populated areas
have been associated with the rapid spread of infectious diseases
such as the severe acute respiratory syndrome virus and avian
flu [3]. Future research should therefore focus on aiming to
reduce infection spread in high-density populations.

de Lusignan et al

Furthermore, population density and traffic in conurbations may
increasetherates of allergic rhinitisand asthma[4-6]. Increasing
the number of green spaces may be an important preventive
measure [50], as they have been found to prevent higher rates
of asthma[51,52] and allergic rhinitis[53,54].

Strengthsand Limitations

We derived the data from a network of general practitionersin
which the population in question is large and is representative
of the whole of England. This large and representative
population alows us to link morbidity to ethnicity, living
environment, and socioeconomic status. Patterns found from
this dataset can be applied to the whole popul ation.

Further, data quality in the RCGP RSC for infections and
allergic conditions is assured through data quality feedback to
RSC member practices. More recently, we have introduced
financialy incentivized training and practice-specific
comparative feedback via a dashboard [55], modelled on the
principles of audit-based education [56].

The limitations of this study were that not everyone who has
infectious or alergic diseases will go to their GP, meaning that
actual rates of illness may have been higher in the general
population. Furthermore, although we worked hard to ensure
accuracy of our data, there were instances where conditions
were not recorded accurately. Additionally, the allergic
conditions we investigated tend to be chronic conditions, with
peaks of exacerbations. We did not control for episode typein
our analysis, which may have confounded rates of GP
presentation for asthma and alergic rhinitis.

Conclusions

Overal, we found that different allergic and infectious
conditions were associated with rural, urban and conurbation
living. A longitudinal study of RCGP RSC data may provide
insights, particularly around changes in pollutant emissions or
other variations in exposure, on the effect of the environment
on alergic and infectious conditions.
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RSC: Research and Surveillance Centre
URT I: upper respiratory tract infection
UTI: urinary tract infection
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Abstract

Background: Inadequate administrative health data, suboptimal public health infrastructure, rapid and unplanned urbanization,
environmental degradation, and poor penetration of information technology make the tracking of health and well-being of
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populations and their social determinants in the developing countries challenging. Technology-integrated comprehensive
surveillance platforms have the potential to overcome these gaps.

Objective: This paper provides methodological insights into establishing a geographic information system (Gl S)-integrated,
comprehensive surveillance platform in rural North India, a resource-constrained setting.

Methods: The International Clinical Epidemiology Network Trust International established a comprehensive SOMAARTH
Demographic, Development, and Environmental Surveillance Site (DDESS) in rural Palwal, a district in Haryana, North India.
The surveillance platform evolved by adopting four major steps: (1) site preparation, (2) data construction, (3) data quality
assurance, and (4) data update and maintenance system. Arc GIS 10.3 and QGIS 2.14 software were employed for geospatial
data construction. Surveillance data architecture was built upon the geospatial land parcel datasets. Dedicated software
(SOMAARTH-1) was developed for handling high volume of longitudinal datasets. The built infrastructure data pertaining to
land use, water bodies, roads, railways, community trails, landmarks, water, sanitation and food environment, weather and air
quality, and demographic characteristics were constructed in arelational manner.

Results. The comprehensive surveillance platform encompassed a population of 0.2 million individuals residing in 51 villages
over aland mass of 251.7 sq km having 32,662 households and 19,260 nonresidential features (cattle shed, shops, health, education,
banking, religiousinstitutions, etc). All land parcel s were assigned georeferenced | ocation identification numbersto enable space
and time monitoring. Subdivision of villages into sectors helped identify socially homogenous community clusters (418/676,
61.8%, sectors). Water and hygiene parameters of the whole area were mapped on the GIS platform and quantified. Risk of
physical exposure to harmful environment (poor water and sanitation indicators) was significantly associated with the caste of
individual household (P=.001), and the path was mediated through the socioeconomic status and density of waste spots (liquid
and solid) of the sector in which these households were located. Ground-truthing for ascertaining the land parcel level accuracies,
community involvement in mapping exercise, and identification of small habitations not recorded in the administrative datawere
key learnings.

Conclusions: The SOMAARTH DDESS experience allowed us to document and explore dynamic relationships, associations,
and pathways across multiple levels of the system (ie, individual, household, neighborhood, and village) through a geospatial
interface. This could be used for characterization and monitoring of awide range of proximal and distal determinants of health.

(JMIR Public Health Surveill 2018;4(4):e66) doi:10.2196/publichealth.9749

KEYWORDS

geospatia surveillance; health and nonhealth data harmonization; spatia epidemiology; participatory GIS; caste, socioeconomic
transition; ground truthing; built environment

; contribute to occurrence, sustenance, and progression of
Introduction communicable and noncommunicable diseases [8].
Background A geographic information system (GIS) enables an integrated

Inadequate administrative health data, suboptimal public health
infrastructure, rapid and unplanned urbani zation, environmental
degradation, and poor penetration of information technology
make the tracking of health and well-being of populations in
the devel oping countries challenging [ 1-4]. Health surveillance
capacities remain one of the maor barriers in collating
contextual evidences for identifying the pathways of health
problemsand ng the true magnitude of the socioeconomic
impact of diseases, new technologies and innovations hold
promise for finding solutions in such environments [1,2,5,6].
Surveillance of behavioral, socioeconomic, and environmental
determinants of health is further limited in terms of capacity to
develop infrastructure and collect and interpret the information
in resource-constrained settings[1,6,7].

The US Center for Disease Control and Prevention has recently
advocated for the establishment of comprehensive surveillance
architectures for emerging infectious diseases and chronic
conditions, particularly those associated with lifestyle,
incorporating wider (distal and proximal) determinants of health
and well-being [2]. Integrative surveillance of diverse
environmental factors with a “whole-of-society” convergence
framework is likely to be informative of the factors that

https://publichealth.jmir.org/2018/4/e66/

comprehensive surveillance platform that alows rapid
integration of data from disparate sectors and sources with the
potential to contributeto improving the understanding of diverse
disease exposures [9-16]. Although geospatial technologies
have been explored and experimented with in several studies
conducted in developed countries [12], there is limited
experience from the developing countries due to reasons like
lack of georeferenced administrative health datasets and postal
codes, unavailability of trained technical manpower, and the
complex morphol ogies of human habitations, particularly rural
settings [17-21].

Between 2009 and 2015, the International Clinical Epidemiology
Network (INCLEN) Trust International established a
comprehensive SOMAARTH Demographic, Development, and
Environmental Surveillance Site (DDESS) in a rura North
Indian setting (District Palwal, Haryana). As a surveillance
platform, SOMAARTH (the word SOMAARTH is a Sanskrit
word meaning synergy between economic development and
health) DDESS aims to allow monitoring and interpretations
of synergetic and complex relationships between the
environment, society, regional development, economics, and
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health status of the population over time (MultimediaAppendix  1).

Figure 1. Location of the SOMAARTH Demographic, Development, and Environmental Surveillance Site (DDESS).
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Building on the existing global experiences, this paper describes
the feasibility of establishing a GlS-integrated surveillance
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platform, SOMAARTH DDESS, and sharesthe learnings gained
in the context of a resource-constrained rural North Indian
Setting.

Surveillance Site L ocation, Coverage, and
Characteristics

The SOMAARTH DDESS (District Palwal, Haryana, India) is
located about 80 km from the Delhi border on the Delhi-Agra
National Highway 2 (NH-2). This site is located between
27°53'59.46"N to 28°7'30.02"N latitude and 77°10'2.95"E to
77°22'47.35"E longitude spanning over 251.7 sq km of area
(Figure 1) and includes 51 villages from 3 administrative blocks
(Hodal, Hathin, and Palwal) of the district. As per the 2011
census, the decadal population growth rate of Palwal district
was 25.7% as against the Indian national average of 17.7%;
over three-quarters (77.3%) of the district population is rural
[22]. The climate of the study area can be classified as arid
steppe hot according to Kéoppen-Geiger Classification system
[23]. The Western Peripheral Expressway (Kundli-Manesar-
Palwal Expressway) traverses through the northern tip of the
study site, and the proposed Special Economic Zones along the
expressway are projected to boost local industrial and business
growth [24].

Methods

Tools and Techniques

Google Earth open source imagery and Survey of India Palwal
district map of 1:50,000 scale were utilized for preparing the
initial maps. QuickBird very high-resolution (<1 m),
multispectral, radiometrically corrected, and projected satellite
imagery for the period March-May 2012 was procured from the
National Remote Sensing Centre, India.

Environmental Systems Research Institute Arc Map Version
10.3 (ESRI, Redland, CA, USA) [25] and QGIS Version 2.1
(QGIS Development Team) [26] software were used for GIS
analysis. MetOne E-sampler 9800 for ambient particul ate matter
(PM,5) and meteorological data (wind speed and direction,
temperature, and relative humidity), UCB-PAT S+ for household
PM, 5, MAXIM i-buttons for stove usage monitoring, and DJI
Phantom-1 for recording particle dispersion and temperature
inversions were utilized for establishing an air quality
monitoring system.

Surveillance Architecture

SOMAARTH surveillance platform architecture was established
for tracking the distal and proximal determinants of health
through 3 key surveillance activities (Multimedia A ppendix 2):
(1) development and built environmental surveillance that
encompasses land use, including commercia, industrial,
institutional, educational, transportational, and contextual
structures; (2) demographic and health surveillance, including
size, structure, distribution, and population health; and (3)
physical environmenta factorsincluding theindoor and outdoor
air quality, ambient metrological data(ie, temperature, humidity,
and wind direction), and water and sanitation.

A three-tier surveillance architecture was conceived using
geospatial interfacing to enableincorporation of domain-specific
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areas, including the following layers: data collection (input
layer), data management (application layer), and data
harmoni zation (database |ayer). Datasets were prepared to permit
relational documentation across each layer and to dynamically
integrate additional information from research projects, health
facilities, and institutional recordsin atimely manner as datasets
were made available to the research team.

Data System Development Steps

A multidisciplinary expert group, the Central Coordination
Team, was formed; it comprised specialists from the fields of
public health, epidemiology, pediatrics, geospatial science,
human geography, anthropol ogy, environmental science, urban
planning, management, and socia sciences. The Central
Coordination Team guided the establishment processes and the
development of a conceptual framework. For surveillance site
selection, arural area circumscribed by the three major roads
and having potential for rapid economic development was
identified. Official permission from the state government and
district administration was gained prior to undertaking field
activities. Prior approva from the competent state or national
authorities and from the community leaders is mandatory for
setting up the demographic surveillance sites[27]. The progress
of the SOMAARTH surveillance platform consisted of four
major steps: (1) site preparation, (2) data construction, (3) data
quality assurance, and (4) data update and maintenance system.

Step 1: Site Preparation (18 months, October
2009-March 2011)

Developing the surveillance platform was a long-term
commitment and required continuous support from the local
stakeholders including community members. Initial contact
with the village community and administration was established
(October 2009), and a partnership was forged over a period of
18 months with the local community leaders through
village-level community meetings. Stakeholder engagement
established the networks required to later undertake participatory
mapping and census processes within the villages.

Three field teams were constituted: Census, GIS, and
Environment teams. Teams comprised lead personnel with
public health (n=5), geography (n=2), and environmental science
(n=1) backgrounds; for field staff, local residentswith graduate
and undergraduate qualifications were hired (Census, 38; GIS,
11; Environment, 3). Project personnel were trained through 3
separate structured 2-week training programs, which included
classroom sessions (20% time) along with hands-on fieldwork
(80% training time). A village mapping listing manual, census
enumeration guide, and GI S mapping guidelineswere prepared
to ensure consistency in data collection processes across the
site. Separate microplans for collecting datasets pertaining to
geospatial, demographic, and environmental domains were
prepared, and instruments were finalized after a team of 4
investigators (NKA, MV, FA, and RKS) and 6 field staff piloted
field activitiesin 5 villages over 12 working days.
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Step 2: Data Construction (38 months, March 2011-April  Inthe absence of administrative datasets, baseline datasets were
2014) constructed for establishing a comprehensive surveillance
platform (Figure 2).

Figure 2. The SOMAARTH Demographic, Development, and Environmental Surveillance Site (DDESS) data system: development and integration
of demography, development, and environmental parameters. UID: unique identification number; GIS: geographic information system.
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Figure 3. Stepwise development of geospatial datasets at SOMAARTH Demographic, Development, and Environmental Surveillance Site, Palwal,

India.

without scale

without scale

Characterization of Rural Environment Through
Participatory Mappingand LineListing (12 Months, March
2011-February 2012)

Participatory mapping and line listing were undertaken
simultaneoudly, covering theresidential, nonresidential, vacant,
and ruined land parcels. Before starting the data collection
processes, base maps [ 28] were prepared by the GIS Associates
utilizing the Survey of India toposheset (scale 1:50,000) and
Google Earth imagery depicting locations of major roads and
water bodies for al 51 villages. A team of 2 field workers (a
mapper and lister) per village collected the information using
hard copies of base maps and a line listing tool through
community consultations, followed by the field work. Field
workers identified the main entry point of the village; oriented
themselves as per the directions provided on the hard copy of
the base map; and following the left-hand rule, systematically
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captured roads, lanes, water bodies, and landmarks to prepare
adetailed field drawing of the village.

Participatory mapping assisted in the subdivision of villages
into sectors, resulting into around 50-500 (population of
approximately 100-2000 persons) contiguous land parcels in
the core habitation area and taking roads as a boundary of
demarcation. However, outer village sectorswere sparsely built
(0-50) land parcels. Sectors were given unique aphabetic
identification codes in a systematic clockwise order. Using the
left-hand rule, al theresidential, nonresidential, and vacant land
parcelswithin each sector were mapped in the form of polygons
of relative sizes and shapes of area asinformed by the property
owner or respondent (Figure 3). Each land parcel occupied in
the residential, nonresidential, or mixed activities was given a
unique identification number (UID) based on location by
prefixing the sector identity and unique numbers in sequential
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manner following the left-hand rule. This systematic approach
later helped in developing location-based addresses for each
household and nonresidential features of the study villages. The
linelist prepared for eachland parcel consisted of thefollowing
details: structure type as per construction (mud, cement, brick)
and usage (residential or nonresidential or vacant or ruined),
ownership, head of household, religion, caste, gender, and age
composition of household members. The Field Supervisor
conducted 10% random field-based checks stratified according
to the task accomplished by the primary field workers, and the
lot quality assurance approach was adopted for accepting or
rejecting the lot.

In Figure 3, top two and middle left images show stepwise
development of afield drawing and comprise aframework map
depicting major roads digitized from Google Earth; an outlining
of village sectors; and a field drawing depicting roads, water
bodies, and land parcels, respectively. Furthermore, middle
right and bottom two images show stepwise development of
geospatial dataand comprise amultispectral Quick bird satellite
image (raw); aprocessed (pan-sharpened) imagefor digitization;
and digitized road, water body, and land parcel layers overlaid
on the processed image, respectively.

Geospatial Data Construction (26 Months, September
2011-October 2013)

The analog participatory maps (field drawings) having
contextual details of the villages and the line listing having
compositional details proved helpful in satellite-based
digitization processes for constructing digital, georeferenced,
spatial datasets. Due to the lack of property delineation and
informal settlements [20,21], automated digitization [29] was
not possible for our area; therefore, manual digitization was
adopted through combining visual interpretation of satellite
imagery and participatory maps [30]. QuickBird multispectral
satellite imagery was pan sharpened for improving the spectral
quality for digitization processes (see Figure 3). Data was
projected in the Universal Transverse Mercator coordinate
system (Zone 43N). Different features were stored as separate
feature classes, that is, sector (polygon), roads (polygons, line),
water bodies (polygons), land parcels (polygon), wells (point),
canal and drains (polygon), railway line (line), and burial places
and landmarks (point). Land parcel features with their location
UID and composition data collected during line listing were
joined with the GIS layers. Digitization for all 51 villages was
done by a team of 3 GIS research associates. The Program
Officer (GIS) conducted a random cross-checking of 10% of
theland parcels stratified for every sector inthevillagein order
to take corrective steps.

Demogr aphic and Health Data Collection (26 Months,
March 2012-April 2014)

Hard copies of high-resolution GIS maps and line listing
attributes were supplied to the census teams to operationalize
the census of residential and nonresidential features using 2
separate tools in a systematic manner. The sectorwise
high-resolution GIS maps (<1:200 scale) facilitated in work
allocation and monitoring of census operations. Census forms
were tagged with their respective location UID marked on the
GISmap. Core variables collected for the residential structures
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were as follows: basic land parcel information, demographic
details of the inhabitants, household structure, details of
construction materials, socioeconomic status (SES), domestic
animals and other assets owned by the household, water
availability and usage, toilet facilities, sanitation, and waste
management practices. The self-reported health parameters
covered were as follows. details of mental and physical
disability, behavioral issues, substance abuse (smoking, acohol,
and other substances), health-seeking patterns, and individuals
with a chronic disease (an illness lasting for more than last 6
months) in the household. Core variablesfor nonresidential land
parcelswere land use typol ogy and waste management besides
the structural features and ownership. Regular structured
coordination-cum-troubleshooting interaction occurred between
GIS and Census teams every week to detect temporal changes
and other feedbacks on the maps in a real-time manner; these
meetings helped in the regular rectification of both census and
GIS data.

Physical Environmental Data Collection

Weather and Air Quality Data Collection (Ongoing Since May
2011)

Environmental scientists led the establishment for air quality
data monitoring, which covered point-based recording of
real-time ambient air quality (PM, 5) and other meteorological
attributes (ie, temperature, humidity, and wind direction) at 2
fixed locations within the site. GIS maps helped in the site
selection for establishing a small weather station within the
surveillance site. The system for PM,, 5 air quality monitoring
at the ambient level was upgraded to drone-based observations
for monitoring the dispersion of particles (PM,5) at different
altitudes and measurement of temperature inversions. Personal
exposure monitoring was also carried out in selected female
subjects (primary cook) from the sitevillages[31]. Latitude and
longitude information was used for integrating weather and air
quality datawith the geospatial datasets.

Drinking Water and Sanitation Mapping (November-December
2015)

Baseline assessment of two critical components of the village
environment (ie, drinking water supply and sanitary conditions
of the rural communities) was performed. This survey was
undertaken by ageographer with the help of afield worker hired
from the local community. SOMAARTH GIS data were used
for creating base maps for mapping water and sanitation status,
drinking water pipe lines, drainage system (drainage channel
and their quality), and liquid and solid (litter) waste spots (ie,
open litter of large size covering more than 1 m diameter).
Locations of water stagnation and spilling areas were also
mapped on the hard copies of GIS maps and later updated within
the geospatial datasets.

Land Use Mapping (March 2012-April 2014)

GIS Associates assigned an adapted system of land use
categorization [32] to each land parcel. The resulting land use
classification system included 3 levels. Level | representing
“Built-Up Land,” “Agricultural Land,” “Water Bodies,” “Waste
Land,” and “Vacant Land.” For example, Built-Up (Level I)
was further refined to Level 11 to include the classifications of
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“Residential,” “Commercial,” “Industrial,” “Institutional,”
“Utilities,” “Services,” “ Transportation,” and “Agricultural and
Others.” Subsequently, Level |1 categories were further refined
intoaLevel 111 classification. The attribute tablewithinthe GIS
village layer included all land parcels that were characterized
within the village. There was another project going on in the
area: “Foundational Work for a Brain-to-Society Diagnostics
for Prevention of Childhood Obesity and its Chronic Diseases
Consequences.” As part of this project, GIS mapping of food
environment was done in 9 villages to identify exposures
influencing the food intake of study subjects (children aged
6-12 years) [33].

Step 3: Data Quality Assurance (26 Months, April
2013-December 2015)

The geospatial data so constructed was subsequently reassessed
for land parcel position (location, size, and shape) and attribute
accuracy through ground-truthing—based verification exercises.
Tempora changes that emerged during the course of the data
construction were also incorporated in this exercise.

The methodology for verification of geospatial datasetsthrough
community-based ground-truthing was formulated through a
pilot study conducted at 6 surveillance villages. Villages for
pilot study were selected through a stratified random sampling
process as per size (large, >1000 land parcels and small, <1000
land parcels) and settlement pattern (linear, circular): 2 each
from large linear and large circular groups and 1 each from
small linear and small circular groups. Within each selected
village, 5.1% (455/8901) samples of total land parcels across
al land use categories were selected, keeping the minimum
sample size of 30 land parcels per village. The pilot exercise
resulted in the development of 2 verification tools (land parcel
and road assessment tools) and the associated operational
manual. These tools were applied across the DDESS for data
verification and refinement of the GIS maps. Discrepancies
were recorded and highlighted on the hard copy maps.
Refinement of land parcel delineation was done by capturing
vacant land adjoining the existing structures (buildings). An
updated road network was prepared for the entire DDESS and
characterized according to a predefined typology (ie, highway,
village road, public and private lanes), surface (ie, metalled,
unmetalled, semimetalled), and surface quality (ie, good,
average, poor).

After the completion of the verification exercise, the census
forms were tagged with the updated geospatial UIDs and
rechecked manually to ensure that the census form was
accurately integrated with the corresponding geospatial data.
The geospatial dataset was again verified using onscreen tools,
topology functions, and ground-truthing processes before
sending it for entry into the SOMAARTH surveillance data
management software. A team of 8 field workers under the
supervision of the 3 GIS research associates worked in this
activity for 16 months, between February 2014 and May 2015.

Step 4: Data Update and Maintenance System

Data collected on the hard copy forms were entered in the
specially designed SOMAARTH DDESS  software
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(SOMAARTH-1) developed on HTML or cascading style sheet
user interface, personal home page programming language with
MySQL database management system. Software included
modules on registration of land parcels, user management,
survey, quality assurance, query building, reporting (including
tabular and graphical), cohort, and multiple project management.
Recently updated integrated Web- and Android-based data
collection capabilities have made SOMAARTH-1 software a
robust package for handling data collection, storage,
management, and analysis for large volumes of longitudinal
datasets. Considering the large surveillance area, volume, and
variety of datasets, 3 data update strategies were put in place:
(2) real-time update of datasets under individual projects; (2)
annual update covering temporal changes in the land parcels
and 6 vita demographic events, including migration
(immigration, emigration), birth, death, pregnancy registration,
changesin marital status, and changein the head of households;
and (3) complete data collection wave (census) covering al data
components (ie, built environment, demographic, and health)
every 3 years. SOMAARTH DDESS was prepared for itsfirst
annual update after completion of the baseline round of census
in May 2018.

Results

Description of Data Constructs

Some of the unique geospatial data constructs available within
the SOMAARTH platform were physical environment (land
parcel, water bodies), socia (road, rail, public places, religious
places), and services (child and mother care centers, rural banks,
health facilities, educational institutes, cremation grounds or
buria places, others; Table 1). Therewereatota of 47,007 land
parcels spread across 51 villages; these were characterized as
residential  (26,363/47,007, 56.08%), nonresidential
(18,118/47,007, 39.54%), and mixed (2528/47,007, 5.38%) land
parcels. The number of land parcelsvaried between 25 and 3279
per village (median 587; mean 922 [SD 857]) depending on the
average population size (mean 3916 [SD 3673]) per village
(median 2603; range 89-18,249; Multimedia Appendix 3).

Demographic and health datasets of 199,702 persons residing
at the SOMAARTH DDESS were nested within the geospatial
dataset. Granular datasets on village- and neighborhood-level
ambient air quality (PM,5) were available from year 2012
onwards.

Almost all the villages (48/51, 94%) had ponds locally called
johar. All the villages were accessible through metalled roads,
with an average road density of 2.8 km per sq km of surface
area. Moreover, 18 villages had public health facilities, however,
every village had one or more private providers (n=234), most
of whom were informal or nonqualified. The median distance
of public hedth facilities in the villages, where they were
available, was 370 m (range 142 m-1282 m) from the center of
the village built-up area. All the 231 water bodies within the
SOMAARTH DDESSwere highly polluted dueto the dumping
of solid and liquid wastes generated by the local inhabitants.
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Table 1. The SOMAARTH Demographic, Development, and Environmental Surveillance Site geospatial database: physical, social, and service

constructs of the area.

SOMAARTH GIS? constructs, data domain, and details or local names GIS representation Villages, n GlSfeatures, n
Physical environment
Land parcel
Residentia Polygon 51 26,363
Nonresidential Polygon 51 18,116
Mixed Polygon 51 2528
Water bodies
Pond Polygon 48 231
Irrigation channels, distributaries, or drainage system (km) Line 33 135.6
Wells Points 42 322
Road (km)
Road Line 51 707.2
Lane (public) Line 51 473.9
Lanes (private) Line 51 82.3
Railroad Line 2 37
Social
Public places
Chaupal Point and Polygon 47 319
Community center Point and Polygon 18 21
Religious places
Temple Point and Polygon 40 248
Mosqgue or Eidgah Point and Polygon 16 94
Madrassa Point and Polygon 8 12
Others
Old age home Point and Polygon 13 13
Monuments or landmark Point 10 15
Service
Anganwadi child and mother care center Point and Polygon 49 198
Rural bank or mini bank or automated teller machine booth Point and Polygon 11 17
Kabristan or Shamshaanghat or cremation ground Point and Polygon 42 64
Health facilities
Community health center Point and Polygon 1 1
Primary health center Point and Polygon 2 2
Subcenter Point and Polygon 18 18
SOMAARTH clinics Point and Polygon 5 5
Veterinary clinic Point and Polygon 16 16
Public dispensary or Ayurvedic clinic Point and Polygon 4 4
Educational institute
School Point and Polygon 49 172
College Point and Polygon 5 8
Others
Water boosting station Point and Polygon 36 48
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SOMAARTH GIS? constructs, data domain, and details or local names GI S representation Villages, n GISfeatures, n
Village revenue office Point and Polygon 9 9
Bus depot or stand Point and Polygon 3 3
Railway station Point and Polygon 2 2
Petrol pump Point and Polygon 10 15
Post office Point and Polygon 7 7
Police station Point and Polygon 2 2

8GIS: geographic information system.

Table 2. Concentration of habitations: villagewise distribution of the Nearest Neighbor | ndex.

Settlement typology Nearest Neighbor Index Village distribution, n (%)
Highly clustered 0-0.5 35(68.6)

Clustered 0.6-0.9 15 (29.4)

Random 10 0

Regular >1.0 1(2.0)

On average, each village had 12 ([SD 9]; median 8; range 2-41)
permanent litter areas and 75 wastewater stagnation points ([SD
39]; median 61; range 26-143 per village), and open defecation
sites were marked in 43 villages. Food environment mapping
carried out in 9 villages recorded 382 food stores with an
average of 42 ([SD 40]; median 27; range 8-133) food stores
per village.

Preliminary analysis of the settlement pattern using Nearest
Neighbor Index (NNI) [34] indicated a clustered pattern
(NNI<1.0) in 98% (50/51) villages; of them, 35 villages had
highly concentrated settlements (NNI<0.5), and only 1 small
village (Bazara Nagla) had an NNI of >1.0 (Table 2 and
Multimedia Appendix 3). The cumulative area of the structural
concentration of 51 villageswas 2127 hectares (2127/23,788.7,
8.94%), encompassing 80.79% (37,979/47,007) of the total
constructed land parcels (Multimedia Appendix 3).

Space and Time Monitoring

The updated information on fine administrative boundaries
(village, hamlets, land parcels) of the study area was missing
from administrative records[35]. Official census maps (1:2 km
scale) of the SOMAARTH area showed the boundaries of only
43 revenue villages; the district planning map hel ped delineate
4 additional small villages. The participatory GIS mapping
process helped in the identification of 4 more small habitations
(locally known as nagla) to make a total of 51 villages in the
SOMAARTH DDESS. The absence of aformal subdivision of
villages was a hindrance to the data collection process as the
shape and size of the villages were organic and without any
land use system.

Using geospatial tools, villages within the SOMAARTH site
were subdivided into 760 sectors (range 5-26 sectors per
village), with the areavarying between 0.03 and 791.5 hectares.
In a setting where no postal code system was in place, UIDs
were created based on the georeferenced land parcels. Each
enumerated land parcel was allotted a 19-digit-long UID
covering the country, state, district, administrative block, village,
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sector, and land parcel number. Individuals were nested within
the land parcel and given acomputer-generated random 9-digit
UID. Land parcel |Ds had fixed geographies, whereasindividual
UIDs were kept independent to locations. All these were done
with the objective of establishing a space, individual, and time
monitoring system within the surveillance platform.

The social (caste categories such as schedule castes or tribes,
backward communities, and general category) and economic
(rich, middle, and poor classes) profile (socioeconomic profile)
of al 676 sectors having households was assessed. Depending
on the overall prevalence of socioeconomic classes in the
SOMAARTH DDESS, if a sector had 1.5 times the average
prevalence of a particular social or economic class, the sector
was labeled as a dominant sector. Of all sectors, 61.8%
(418/676) had a dominant caste and 34.8% (235/676) had a
dominant economic class, with heterogeneity observed within
and across the villages. Social class (ie, caste) was the major
determinant of sector composition.

Ground-Truthing—Based Data Verification and
Refinement

Ground-truthing hel ped in the identification of both systematic
and random errors in spatial and nonspatial data.
Ground-truthing revealed that the data had positional and
attribute errors, inconsistencies in land parcel boundary
delineation, and lack of documentation of the vacant parcels.
These errors had further escalated due to the temporal changes
that occurred over 2 years between participatory mapping and
preliminary verification exercise starting from 2011 to 2013.
Out of the site-wide total land parcels, 23.53% land parcels
(11,064/47,007) had size-related, 11.64% (5474/47,007) had
shape-related, and 11.14% (5237/47,007) had location-related
inaccuracies. In addition, 7990 vacant land parcels were left
undocumented during the initial data collection exercise. In
12.09% (5687/47,007) of the land parcels, temporal changes
like new construction (4640/5687, 81.6%) had occurred, with
over three-fourth of these changes occurring during previous
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6-24 months. The geospatia dataof 1263 km of roads, including
lanes and community pathways, was classified as per road
typology, surface, and quality during the field visits. The final
verification round conducted after the refinement of the data
indicated that 4.90% (2303/47,007) of theland parcels till had
positional inaccuracies due to the errors in size (141/47,007,
0.29%), shape (47/47,007, 0.09%), and location (2115/ 47,007,
4.50%) of theland parcels; 57.70% (1329/ 2303) of these errors
recurred due to incorrect demarcation of individual property
boundaries. Another 0.49% (235/47,007) of the land parcels
were detected to have errorsin attributes, and 184 more vacant
land parcels were identified in this round.

Physical Exposureto Harmful Environment

Physical exposure to harmful environment was assessed using
two indicators calculated based on the geospatial mapping of
the solid waste mounds and liquid waste spotsin all of the 676
sectors having 32,631 households falling under the
SOMAARTH DDESS area. The density of solid waste mounds
and stagnant liquid waste puddles (both =1 min diameter) within
the sectors was calculated per 100 residents (median 2.7; 95%
Cl 4.2-5.4; range 0-60.9; Multimedia Appendix 3), and the
Euclidian distance of households from the nearest solid waste
dump or liquid waste puddle (in meters) was calculated for each
of the households (median 29.4 m; 95% CIl 64.2-67.9; range
1.5 m-2830.8 m). Village sectors were categorized as per the
dominant socioeconomic classes of people living within them
(proportion of a particular category more than 1.5 times the
SOMAARTH average). The waste density and proximity
variables calculated through GIS analysis were integrated with
the socioeconomic data. The resultant analysis helped in
characterizing the household-level condition of environmental
sanitation vis-a-vis socioeconomic profile of the sectors. Table
3 presentsthe associ ati ons of sector-wide dominant social (caste)
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and economic classeswith the harmful environmental indicators.
Harmful environmental indicators such as higher sector waste
density and household proximity (closeness) were significantly
associated (P=.001) with the sector-wide dominant caste class.
Waste spots were located at maximum distance from the plots
or households in sectors inhabited by rich households.

Proximity (closeness) of the households to waste spots was
examined using structural equation modeling [36] to explicitly
describe the direct and indirect roles of various social and
environmental determinants. The SES of the household was not
found to be related to household proximity to waste spots either
directly or indirectly after modeling for SES- and caste-dominant
sectors and density of waste spots in the sector while adjusting
for various household behaviora factors (household liquid and
solid waste disposal practices, presence of atoilet, and source
of drinking water within the households). However, the caste
of the household was significantly associated with proximity
to waste spots (P<.001). This effect was mediated through the
SES dominance and waste density of the sector when adjusted
for the previously mentioned household behavioral covariates
(Figure 4). However, no significant association was found
between household SES and proximity to waste spots (Table
4).

As part of another ongoing study [33], the nutrition (thinness
and stunting) of a cohort of 612 children in the age group of
6-12 years was associated with the proximity of waste spotsto
the household, and the effects were mediated through caste
dominance of the sector and religion of the household. The
mediational effect was observed after adjusting for biologic
factors like maternal height and sibship of the index child
(Personal communication, Neha Gupta et al 2018—under
publication).

Table 3. Relationship between socioeconomic class-dominated sectors (popul ation subgroups) and environmental sanitation indicators.

Dominant? sector

Vaue, n (%) Sector waste densityb, median  Nearest waste distance from the househol d®, median (m)

Caste
General 182(26.9)  2.42¢
Other backward castes 236(349) 2.9¢
Scheduled castes or scheduled tribes 110 (16.3)  2.69

Socioeconomic status

Rich 102 (15.1) 23
Middle 20 (3.0) 2.9
Poor 113(16.7) 28

30.9¢
29.8¢

28,04

31.54
27.49

30,04

3Dominant caste and socioeconomic status: a sector having 1.5 times the average prevalence of a particular economic or social class of the whole
SOMAARTH Demographic, Development, and Environmental Surveillance Site.

bSector waste densi ty: number of solid waste mounds and stagnant liquid waste puddles (both >1 m in diameter) per 100 residents of a sector.
®Nearest waste distance from the household location (meters): distance of the nearest solid waste dump or water puddle (both >1 m in diameter),

whichever was nearer.
dsignificant at P=.001 (Kruskal-Wallis test).
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Figure 4. Structural equation model: mediational association between the caste of the household and sector-level environmental indicator, as well as

socia and economic dominance. SES: socioeconomic status.
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SES Sector

Model A

Sector-Wide Waste
Density

Model A=>Path C: P value<.001; Path C": P value=.003

Caste Individual

Model B=>Path C: P-value<.001; Path C": P value<.001

A 4

Nearest Waste
Distance

Level

Model C=>Path C: P value<.001; Path C': P value=.88

A\ 4

Path A: Direct Regression between Independent variable and Mediator variable

Path B: Direct Regression between Mediator variable and Dependent variable

Path C: Direct Regression between Independent variable and Dependent variable

Path C’: Indirect Regression between Independent variable and Dependent variable, by going through Mediator

variable

Table 4. Structural equation model: mediational association between the caste of the household and sector-level environmental indicator, as well as

socia and economic dominance.

Covariates Mediator variables, P value

Sector-level waste density (Model A)

Dominant SES? sector (Model B) ~ Dominant caste sector (Model C)

Source of drinking water Not significant
Availability of toilet <.001
Liquid waste disposal Not significant
Solid waste disposal <.001
SES class Not significant

<.001 Not significant
<.001 .001
Not significant Not significant
Not significant .001
Not significant Not significant

8SES: socioeconomic status.

Data Construction Cost

Thetotal cost incurred in building SOMAARTH DDESS over
the span of 7 years (2009-2015) was US $810,809 (12.6% spent
on building the GIS infrastructure, including baseline data;
56.8% on census data construction; 8.2% on environmental
monitoring; 4.6% on developing SOMAARTH software for

https://publichealth.jmir.org/2018/4/e66/

RenderX

census data storage; 5.2% on office essentials, including travel;
3.5% on other logistics or communication; and 10% on office
utilities). The total cost of constructing the geospatial
infrastructure, including baseline datasets, was US $102,666
(46% spent on technical staff salary, 26% on field worker salary,
7% on purchase of satelliteimagery and GI S software, and 20%
on office infrastructure and travel costs).
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Discussion

Principal Findings

The unique features of the SOMAARTH DDESS are its
architecture and capability to capture, store, and harmonize
comprehensive datasets pertaining to the built environment,
land use, access, weather and air quality, food environment,
education, water and sanitation (liquid and solid waste), and
health care services (public and private) for studying the
individual-, household-, and community-level exposures and
outcomes. Baiden [7] stated that the available surveillance
platforms in developing countries such as MATLAB
(Bangladesh), Filabavi (Vietnam), and Rakai (Uganda) are
mostly the extension of surveillance systems for specific
interventions. Similarly, the available literature on the
methodol ogy for the devel opment of geospatial datasetsreflects
only the development of base mapsfor a particular intervention
[17,18,37,38]. In contrast, we have described the methodol ogy
and architecture for building a Gl S-integrated, comprehensive
surveillance platform that can handle diverse health,
developmental, and environmental issues in a convergent
manner.

The overall approach and construct of the geospatial-enabled
surveillance was feasible due to collective inputs from the
interdisciplinary and transdisciplinary teams. Several authors
have recently called for greater collaboration between disciplines
to enrich research and explain the interaction and dynamics of
environment, health, and well-being of individual sand societies,
particularly in low- and middle-income countries [10,13,19].
Mixed methods involving participatory mapping, satellite
imagery, and quantitative survey were adopted for capturing
the accurate context and detailed composition of the study area.
Participatory mapping can be achieved through several methods
[28,37,38]. In our case, participatory mapping was achieved by
utilizing the base maps (framework map) for overcoming the
limitations of asymmetry (cartographic inaccuracies) and lack
of reusability arising from hands-on mapping [28,30].
High-resolution satellite data along with community inputs
helped in the identification of 4 new villages that were not
present in official administrative records. Government records
pertaining to fine administrative boundaries (village, hamlets,
land parcels) are not regularly updated [19,35] and provide only
aggregated data for revenue villages in developing countries.
The community involvement provided insight into the local
knowledge system, cultural practices, traditions, and customs
[28], which were reflected in the organization of habitations
and adjoining physical environment, identification of
marginalized unnotified population groups, and access to
traditional and cultural resources as well as community
nomenclature, for example, chaupal (public places), johad
(pond), kos minar (historical landmark), and phirni (ring road
around the village).

Geospatial features were manually extracted from the
pan-sharpened, high-resolution Quick bird satellite imagery.
Makanga's[38] research showed that manual digitizationisthe
most effective and a cheaper way for health GIS data
constructions at low-resource settings. For simplifying the task
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of mapping in morphologically complex villages, we adopted
principles of spatial generalization [39] for the delineation of
land parcelsand village boundaries. Unlike the urban areas, the
process of geocoding could not be applied in most of the rural
areas of developing countries as postal codesfor propertieswere
not available [4Q].

The systematic methodology adopted for subdividing the
villages into sectors on the lines of urban areas helped in
building a system for georeferenced UIDs as well as in
identifying socially homogenous community clusters (418/676,
61.8%, sectors) within the villages (Table 3). The computed
physical exposure to harmful environment (proximity to waste
spots) was significantly associated with the caste of the
household, asocial classindicator within the villages; the effect
was mediated through SES dominance and waste spot density
of the sector. Household behavioral factors like the source of
water, presence of atoilet, and waste disposal practices were
directly affecting these relationships. (see Table 4). These
environmental factors, in turn, had the potential to influence
the health and nutrition of the household members [41]. The
INCLEN SOMAARTH surveillance platform was being used
to prospectively assess the health outcomes of the national
flagship intervention program “Clean-India (Swatch Bharat)”
[42]. Projects implemented at the SOMAARTH DDESS have
the potential to harness granular data related to diverse aspects
of demography, development, and environment. Multimedia
Appendix 4 shows coarse-resol ution administrative maps of the
surveillance villages that were the only spatial data available
with the government. The top left and right maps are
fine-resolution sector map and built-up area map, respectively,
of surveillance villages that helped characterize land use; the
middle one shows liquid and solid waste spots mapping that
was overlaid on the land use map, and the bottom one depicts
the location of food stores and their distance from the
water-stagnant aress.

The community- and household-level exposure details could,
therefore, be used to explain and quantify diverse societal
determinants of health; profiling of sociocultural and economic
status of sectors within villages also opened up opportunities
for designing and implementation of complex intervention
studies incorporating social determinants[14-16].

Several studies have highlighted the possibilities of generating
erroneous geospatial data and exposure misclassification due
to the nonavailability of valid and quality administrative data
and the absence of thorough ground-truthing exercises[43-45].
The settlement pattern was highly compact across the site (see
Table 2); 80.79% (37,979/47,007) of the total built structures
were concentrated in 8.94% (2127 hectare/23788.7 hectare) of
thetotal area, which was consistent with previous observations
from developing countries [46]. Also, the empirical datasets
reflected rapid expansion of built-up area in adjoining
agricultural belts. Ground-truthing exercises were, therefore,
kept as an integral step in the methodology for addressing the
potential positional, attribute (location, size, and shape), and
temporal discrepancies [43,44]. The first round of geospatial
data verification revealed that 88.50 % (41,601/47,007) of the
total land parcelswere accurately marked for their location, but
only 64.5% (30,320/47,007) of the land parcels were correctly
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mapped in terms of their relative size and shape. We faced the
additional challenge of nonavailability of physical demarcation
in almost one-third (27.0%, 12,692/47,007) of the land parcels.
The physical demarcation of land parcels affected image
interpretation and, thus, the quality of land parcel data
Ground-truthing of the land parcel data in rural settings of
countrieslikeIndiashall, therefore, remain an essential step for
finalizing spatial datasets [43]. However, as reported earlier,
the use of satellite imagery resulted in high degrees (>95%) of
positional accuraciesfor features such aswater bodies and roads
[45].

A licensed proprietary software Arc GIS 10.3 (ESRI, Redland,
CA, USA) along with the open source (QGIS) software was
used to expedite the digitization of large volumes of geospatial
data without adding burden on limited financial resources.
Similar strategy for cost minimization was also tried at other
resource-constrained settings [47]. Although we could not
perform any direct comparison for cost incurred in developing
similar surveillance platformsin other low- and middle-income
countries, investments in SOMAARTH-like comprehensive
platforms are likely to be far more useful than establishing
categorical surveillance systems criticized for their limited
capacities and sustainability [2].

Weidentified three major challengesin building fine-resolution
geospatial datasets for a surveillance system in a scientific
manner in resource-constrained settings. First, administrative
health datasetswere not available, and varied spatial dataframes

Dixit et a

were followed at different data sources; therefore, the
high-resol ution vectors prepared through satellite imagery could
not be properly integrated with the administrative datasets. Due
to such problems, the recent report from National Institute of
Advanced Studies[48] has advocated the initiation of aunified
spatial framework under National GI Sin the country; geocoding
isnot possiblein these areas dueto thelack of an address system
in rural areas. Second, due to the compact nature of the
settlement in our villages, we faced difficulty in using Global
Positioning System (GPS) [17,21]. In the absence of GPS
coordinates, characterization of satellite imagery was a
challenging task. Third, there was a shortage of skilled personnel
for long-term work engagementsin rural areas[19,20]. Although
aperiod of 5yearswasrequired to set up SOMAARTH DDESS,
we believe that based on the learnings, subsequent endeavors
can be accomplished in much shorter periods using Web GIS
and advanced GPS recorders.

Way Forward

The granular data generated through the SOMAARTH
surveillance platform could be harnessed in designing complex
research studies taking into account social determinants of
diseases and health; furthermore, environmental and behavioral
interventions could be targeted at subvillage and household
levels [49-52], which are presently constrained due to data
unavailability. The land use datasets could al so be harmonized
with theavailableinternational Gl S-integrated surveillance sites
[53] to promote multicentric spatial epidemiological studies.
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Multimedia Appendix 1
SOMAARTH website—www.sommarth.org.
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Multimedia Appendix 2

Architecture of the SOMAARTH Demographic, Development, and Environmental Surveillance Site.
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Multimedia Appendix 3

Supplementary file; profile of villages at SOMAARTH DDESS, Palwal, India.
[PDF File (Adobe PDF File), 153K B - publichealth_v4i4e66_app3.pdf ]

https://publichealth.jmir.org/2018/4/e66/

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 |66 | p.26
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app1.png&filename=82ad66489a65838e9db0ffdfa16dfba3.png
https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app1.png&filename=82ad66489a65838e9db0ffdfa16dfba3.png
https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app2.png&filename=5bdc4877cff5aaa359676cb15591d0ff.png
https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app2.png&filename=5bdc4877cff5aaa359676cb15591d0ff.png
https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app3.pdf&filename=36242aa1-dfbe-4458-aa36-3e8e47a8cfa9.pdf
https://jmir.org/api/download?alt_name=publichealth_v4i4e66_app3.pdf&filename=36242aa1-dfbe-4458-aa36-3e8e47a8cfa9.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Dixit et a

Multimedia Appendix 4

Detailed context and composition stored in the SOMAARTH Demographic, Development, and Environmental Surveillance Site
geospatial datalayers.
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Abstract

Background: New nursing homes (NH) data warehouses fed from residents’ medical records allow monitoring the health of
elderly population on a daily basis. Elsewhere, syndromic surveillance has already shown that professional data can be used for
public health (PH) surveillance but not during along-term follow-up of the same cohort.

Objective: This study aimed to build and assess a national ecological NH PH surveillance system (SS).

Methods: Using a national network of 126 NH, we built a residents’ cohort, extracted medical and personal data from their
electronic health records, and transmitted them through the internet to a national server amost in real time. After recording
sociodemographic, autonomic and syndromic information, a set of 26 syndromes was defined using pattern matching with the
standard query language-LIKE operator and a Delphi-like technique, between November 2010 and June 2016. We used early
aberration reporting system (EARS) and Bayes surveillance algorithms of the R surveillance package (Hohle) to assess our
influenza and acute gastroenteritis (AGE) syndromic data against the Sentinelles network data, French epidemics gold standard,
following Centers for Disease Control and Prevention surveillance system assessment guidelines.

Results: By extracting all sociodemographic residents’ data, a cohort of 41,061 senior citizenswas built. EARS_C3 algorithm
on NH influenzaand AGE syndromic datagave sensitivities of 0.482 and 0.539 and specificities of 0.844 and 0.952, respectively,
over a 6-year period, forecasting the last influenza outbreak by catching early flu signals. In addition, assessment of influenza
and AGE syndromic data quality showed precisions of 0.98 and 0.96 during last season epidemic weeks' peaks (weeks 03-2017
and 01-2017) and precisions of 0.95 and 0.92 during last summer epidemic weeks low (week 33-2016).

Conclusions: This study confirmed that using syndromic information gives a good opportunity to develop a genuine French
national PH SS dedicated to senior citizens. Access to senior citizens' free-text validated health data on influenza and AGE
respondsto aPH issuefor the surveillance of thisfragile population. This database will also make possible new ecological research
on other subjects that will improve prevention, care, and rapid response when facing health threats.

(JMIR Public Health Surveill 2018;4(4):e69) doi:10.2196/publichealth.9022

KEYWORDS

Centers for Disease Control and Prevention; nursing homes; syndromic surveillance; pattern recognition; Delphi technique;
sentinel surveillance
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Introduction

Background

Population in developed countries is aging [1], and the French
population follows this trend. In France, by 2050, 22.3 million
people will be aged over 65 years compared with 12.6 million
in 2005, an increase of 80% in 45 years. Between 2013 and
2050, the senior population will grow more than the popul ation
asawhole. Similarly, life expectancy at birth in France, one of
the highest in the world, is projected to surpass 86 years for
men and 90 for women [2].

This increase will then have to be anticipated and will affect
care and related costs [3]. It is, therefore, essential to improve
our knowledge of this senescence process to help prevent
increase in pathologies, and improve quality of life at extreme
ages.

In spite of this major expected evolution of population,
ecological research on this aged population is still limited [4].
Case or ad hoc studies do not consider individua variability
and cannot analyze health issues as awhole. Data then need to
be recorded for quite along time and on a daily basis, helping
to address this lack of knowledge. This has to be done in a
natural way, in aprofessional environment with caregivers and
medical staff [5].

As until now, follow-up studies on senior citizens were
conducted using cohorts that were costly to set up and follow
[6-8]. Dataare occasionally stored, evenif thefollow-upislong
and based on auto-questionnaires or planned interviews with
health professionals. This approach does not allow describing
in detail the daily life of this population and storing health
evolutions throughout the residents’ whole stays.

New Data

On the contrary, nursing homes (NH) offer this possibility of
tracking and recording them daily as health professionals feed
these information for their proper use and, this time, without
any memory bias [9]. These new data as well as their uses
suggest innovative approaches to improve health knowledge.

Korian (Paris, France) as the first private NH European group
has these kinds of data. This enterprise holds 290 NH and
approximately 3.92% (290/7394) [10] of the French NH
network, distributed all over the country, mostly in urban areas
(see Multimedia Appendix 1). A professional data warehouse
(DWH) set up in 2010 hosts half the company’s French
residents’ population data. Their health follow-ups are recorded
daily from 126 NH. For every new resident admitted in one of
the NH, a personal electronic resident medical file (PERMF) is
set up. Data are then collected at various times: at admission
(admission date, medical history, marital status, birth date, tastes,
and habits), on a daily basis (new pathologies, chronic disease
evolution, date of death, and drug prescriptions), or just after
specific medical or health care professional visits. Itemsinclude
diagnosis, outcomes, aswell as sociodemographic information.

Objectives

Elsewhere and a little earlier, during the early 2000s,
surveillance systems (SS) [11-19] showed that professional data

http://publichealth.jmir.org/2018/4/e69/
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could also be used for health and alert surveillance [20-26].
Here, professional data use for SS was only done using point
data analysis (going to the emergency, 911, and Web queries)
[19,25,26] and not during a long-term follow-up of the same
people, and even more, not dedicated to senior citizens.

As we have just seen, data gathered by different NH
professional s offer the opportunity of following the residents
situations on the flow and on a daily basis and, through this
process, of building syndromic surveillance data. The objective
of this study was to build and assess an influenza and acute
gastroenteritis national ecological NH public health (PH) SS
describing and validating the Base du Bien Vieillir (BBV), that
is, Aging Well database architecture. Thus, through anew health
data building paradigm, we engineered an NH syndromic
surveillance system (SSS) based on already validated criteria
[11,13], hopefully opening the way to new research and
knowledge about the senescence process.

Methods

Data Collection

All data are transmitted from 126 NH in real time to a national
server using the group intranet. Records collected from the
PERMF server are anonymized (see Multimedia Appendix 2)
when sent to the BBV server, keeping track of every resident
even when moving from one NH to another. After thisfirst step,
BBV s built through an extract, transform, and load (ETL)
process of health and sociodemographic data. (see Multimedia
Appendix 3 for details). Following this second step, all residents
have two types of data:

1. Gender, age, and GIR (Groupe 1SO Ressources; english:
Group International Standardization Organization Resource
Group), a French autonomy-level rating indexed to
government benefits[27-32] at the NH entry

2. Daily care information fed on the flow by the caregivers
and the medical staff, whenever deemed useful, that is, their
syndromic information and, finaly, hospitalizations and
death

At the same time, every Sunday, al residents’ daily care
information is aggregated to count the weekly number of
syndromes per NH.

By extracting data for &l residents of the PERMRF database
from its inception, from November 1, 2010, to mid-February
2017, and adding every new resident entering one of the NH
networks every week, a one-week moving cohort of residents
followed during their entire NH life course was built opening
theway for our SSS. Even if most residents of this cohort were
followed during their entire NH life course, syndromic data
could be left-truncated for people whose data were entered
before the inception of the information system (1S) or
right-truncated for people whose data were entered later.

At the IS core, the data transmissions table containing key
information about the residents’ care was fed on a daily basis.
Data take the form of big size character fields (of up to 4000
characters). Extracting these and using residents and NHS
indexes and datatransmissions dates (see M ultimedia A ppendix
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3 for a complete example), we were able to track al residents
through two dimensions. Over time—every day with syndromic
data—and space—every NH with syndromic data—with queries
and text mining, building their syndromic life course, beginning
at their date of entry and ending with their last available data
transmission or death. The BBV then has two nested time
frames: by day for every resident and by week for every NH.

Ethics Approval and Consent to Participate

Theuse of thisdatabasein the frame of epidemiological studies
has been authorized by the French National Commission for
Data protection and Liberties. The Institut du Bien Vieillir,
which became the Foundation Korian of Well Ageing, filed a
declaration of conformity to a baseline methodology, which
received an agreement number in March 2017: 2.041.050, in
accordance with the Act n 78-17 of January 6, 1978 on Data
Processing, Data Files, and Individual Liberties. All residents
are informed at their NH entry about their electronic health
record (EHR) and their right to oppose its use. Although the
primary purpose of this medical research was to generate new
knowledge, this goal did not take precedence over the rights
and interests of the NH residents. All the new generated
information was extracted from already existing data and was
deidentified and anonymized when necessary to protect their
health and rights.

Building the Acute Respiratory Infection and
Influenza-Like Illness and Acute Gastroenteritis
Syndromes

With a multistep learning and text mining (MSL-TM) process
(see Multimedia Appendix 3 for the 4-phase process) of the
datatransmissionsfile similar to what was experimented in the
study by Cohen at a [33], using problems’ list logic [34-36]
and pattern matching with the SQL-like operator [37], 24
syndromes were implemented [38-49], following the SurSauD
(Sanitary Surveillance of Urgencies and Deaths) SSS method
[16]. Starting with acute respiratory infection and influenza-like
illness (ARI-ILI) and acute gastroenteritis (AGE) syndromes
(seeMultimedia Appendix 3 for 2 examplesand the syndromes
list), extracting directly hospitalizations and deaths, thisNH IS
kept for every resident, every day, in every NH, from none to
26 daily syndromes whenever appropriate (see Multimedia
Appendix 3 again for full details of thewhole process[50-61]).

The Surveillance Tools Framewor k

Syndromic Systems attempt to detect outbreaks through
statistical analysis of aggregated cases data to improve on
competent cliniciansin detecting early-stage or small outbreaks
[62]. It focuses on data collected before clinical diagnosis or
laboratory confirmation [63]. Statistical laws are then defined
to give an answer to the question “knowing the average number
of expected events during a period of time, what is the
probability to observe the current situation?’ [62].
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The SSS generation was designed using a Pentaho extraction
platform for all the ETL processes [64] and is described in
Figure 1. It follows the Centers for Disease Control and
Prevention (CDC) Working Group recommendations [11,13].

The whole process was done in 4 steps: first, the ILI and AGE
syndromes built through the MSL-TM process [65]; second,
the weekly ILI and AGE syndromic data aggregation and the
time series (TS) generation with their statistical alertsusing the
R surveillance package [66,67]; third, the Sentinelles data
joining, the ARI-IL1 and AGE French surveillance gold standard
[68]; and finally, the a erting system interfacing the surveillance
package [66,67] statistical alerts with the NH general
practitioners (GPs) coordinators signals, eventually reporting
to the Health Regional Agencies (HRA).

Itisonly after thefinal step that epidemiologistsin the national
public health agency’s regional units (HRA in Figure 1) are
asked to choose an alert level for the regions they arein charge
of: non-epidemic, pre/post epidemic, or epidemic [68]. A public
health alert will then be defined as such by the public health
agency Santé publique France (SPF) after every signal hasbeen
verified and validated [69] (for further details, see Multimedia
Appendix 4 [22,67-76]). Relevant information for French
epidemiologists since January 2016 at aregional level includes
the Sentinelles (2.1% of French private GP) as well as the
OSCOUR (Organization of the COordinated Surveillance of
Urgencies, 88% of French hospital emergency departments
make up the Coordinated Health Surveillance of Emergency
Department network) and SurSauD (95% of French emergency
GP consultations) data but also local specific surveillance data
such as NH ARI clusters’ surveillance.

Syndromic Data Analysis

Data Flow Buildup and Stabilization

As explained above, we computed weekly counts of ILI and
AGE cases as well as hospitalizations and deaths as with
Sentinelles, avoiding week and weekend days heterogeneity
[77]. Then, with the ggplot function of the ggplot2 R package
[78] used with local regression curves fitted to the NH data
(Figure 2) [79], we were ableto track yearly tendencies aswell
as inconsistent data not reflecting the seasonal spikes during
winter.

Assessing the syndromic data flow over time, by computing the
summary statistics of deaths, hospitalizations, ARI-ILI and AGE
weekly syndromes counts during the 3 periods (ie, from
November 1, 2010, to November 1, 2011; then from November
1, 2011, to November 1, 2012; and finally from November 1,
2010, to February 26, 2017), we choseto excludethefirst year's
data from thisanalysis (see Table 1).
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Figure 1. The nursing homes acute respiratory infections and influenza-like illness and acute gastroenteritis surveillance tools framework. BBV: Base
du Bien Vieillir (ageing well database); ILI: influenza-like Iliness, AGE: acute gastroenteritis; MSL: multi-step learning; TM: text mining; TS: time
series; GP: general practioner; HRA: Health Regional Agencies.
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Figure 2. Acute gastroenteritis, acute respiratory infections, deaths and hospitalizations data flow buildup and stabilization in 11 regions covering
France between November 1, 2010, and February 26, 2017. AGE-DIAR: acute gastroenteritis and diarrhea; ARI-ILI: acute respiratory infection and

influenza-likeillness.
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Table 1. Assessing the Base du Bien Vieillir (BBV) four syndrome’s weekly counts.

Period Minimum Q1 Median Mean Q3 Maximum
Phase 1 4 16 245 33.45 42.25 118
Phase 2 13 40.5 55 70.92 109.25 184
Stabilization 15 48 67 82.72 124 412

Building the Acute Respiratory | nfection and
Influenza-Like IlIness and Acute Gastroenteritis Time
Series

The ARI-ILI and AGE TS were built by aggregating al NH
weekly syndromes counts. The choice of a statistical method
to analyze these then rested on definitions of statistical aerts,
adapting the BBV SSS data to fit French public health
infrastructure and available SS data sources [80], here data of
the ARI-ILI and AGE Sentinelles network [22]. Although the
Sentinelles network used the Serfling method [70,71] relying
on disease incidence levels of preceding years, we used the
CDC steady favorite, the CUSUM (cumulative sums) methods,
not drawing on data from preceding years but just from
preceding weeks and 1 recent method, the Bayes method
allowing fine tuning [72]. For further details, see Multimedia
Appendix 4.

Quality-Precision

Following the process described in the Building the Acute
Respiratory Infection and Influenza-Like Illness and Acute
Gastroenteritis Time Series subsection, the whole procedure
was reviewed over 3 weeks of data transmissions. one in

http://publichealth.jmir.org/2018/4/e69/

RenderX

mid-August 2016 when there was no epidemic and two in
January 2017 at the ILI and AGE epidemics weeks' peaks,
respectively, according to the Sentinelles network [81],
computing the percentage of miscoded ARI-ILI and AGE
syndromes among the extracted data transmissions defined as
such [26].

Stability

The idea here was to check the syndromic flow stability in
guantity (the syndromes counts) and quality (several different
recurring syndromes) during the complete period and for all

126 NH, computing the weekly syndromesfrequenciesfor every
NH.

The syndromic data flow stability was traced by designing 3
chronic diseases and 1 often-chronic ailment indexes [82] built
asfollows: whenever aresident had diabetes or acardiovascular
problem or depression or fell, the resident’s transmission date
and syndromic event type were set apart. Then, asimilar event
during a 200-day period after this resident’s syndromic event
was searched for, defining 4 syndromic ratios for the 6 years
fromtheyear 2011 up to February 27, 2017. For further details,
see Multimedia Appendix 5.
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Flexibility-Timeliness-Representativeness-Usefulness

Adaptability and reactiveness of the system were evaluated
during the outbreak and routine periods according to the CDC
surveillance systems guidelines[18,15,26]. Representativeness,
completeness, and usefulness were assessed using the
distribution description of ILI cases by time and origin during
this last flu season, as well as by rating sex, age, and GIR at
entry and age at illness missing data[13].

Surveillance Algorithms' Quality

All surveillance methodsinvolve building first, time serieswith
the weekly number of cases and second, statistical indicators
used as thresholds. Here the 4 algorithms were compared by
using the algo.quality function for Bayes[72] and rebuilding it
for the early aberration reporting system (EARS) algorithms.
This quality is defined by 4 numbers—the number of true
positive (TP), false positive (FP), true negative (TN), false
negative (FN)—and 4 criteria—the sensitivity [83] sometimes
called recall [84] as the ratio of epidemic weeks correctly
identified; the specificity, as the ratio of nonepidemic weeks
correctly identified; the Euclidean distance between the perfect
method  with  specificity=sensitivity=1 and  ours
(distance= ((1-specificity)+ (sensitivity-1)2))¥2; and finally, the
precision or positive predictive value (PPV), as the ratio of
epidemic weeks correctly identified among the weeks defined
as epidemic (with statistical alarm) [13].

Results

The Cohort

As explained in the Data Collection subsection, by extracting
all residents already there on November 1, 2010, and then by
adding those entered every week in one of the 126 NH, a cohort
of 41,061 residents (Figure 2) was built with 12,983 men
(31.61%, 12,983/41,061) of mean age 84.33 years and 28,083
women (68.39 % 28,083/41,061) of mean age 85.82 years.

The Acute Respiratory I nfection and Influenza-Like
IlIness and Acute Gastroenteritis Syndromes and the
Surveillance Inside Korian

As described in Building the Acute Respiratory Infection and
Influenza-Like IlIness and Acute Gastroenteritis Syndromes
subsection, the BBV syndromic algorithm extracted all ARI-ILI
and AGE casesin addition to hospitalizations and deaths, every
week, from November 1, 2010, to mid-February 2017 and built
the4 TS. Using the BBV ARI-ILI and AGE syndromic TS, we
were able to track the last flu season (winter 2016-2017) early
on, even before the epidemic and compare our syndromic counts
with the Korian GPs' number of cases. The first ones were
usually much greater than the second ones, as several syndromic
cases could identify the same resident over time, but both of
them were always strongly correlated.
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Syndromic Data Analysis

Checking the Data Flow During Time

We managed to highlight 3 different phasesin the NH dataflow
as shown in Figure 2 and Table 1 with two buildup phases
during thefirst 2 years of the | Simplementation. As seen below,
between the first and the second year, the median and mean
weekly syndromes' counts more than doubled. For that reason,
we excluded the data of the first year from the syndromic data
analysis.

The Acute Respiratory I nfection and Influenza-Like
IlIness and Acute Gastroenteritis Time Series

In the surveillance package, both Bayes' (see Figures 3 and 4)
and EARS_C3s' algorithmswith alpha=.025 (see Figures5 and
6) used the 12 former ARI_ILI (Figures 3 and 5) and AGE
(Figures 4 and 6) NH weeks' countsto define alarm weeks (red
triangles). Outbreak weeks (green vertical lines) were defined
according to the ILI and AGE Sentinelles data during the same
period (from January 1, 2011, to January 16, 2011). Finaly, the
blue dotted lines were the upper limits at which alarms were
triggered with both algorithms.

Senior citizens suffer much more of either ARI-ILI or AGE
than the general population all year long and even in summer.
This often results mechanically in triggering statistical alerts
long before the general population epidemics. It can be seenin
Figures3and5for ARI_ILI and Figures4 and 6 for AGE where
the red triangles (the SSS alarm weeks) appear aways before
the green bars (the Sentinelles’ network outbreak weeks). It is
especialy true for ARI-ILI during the 2013 to 2014 and 2015
to 2016 winters and for AGE during the 2013 to 2014 winter
with both algorithms.

Quality-Precision

To compute the percentage of miscoded ARI-ILI and AGE
syndromes, al ARI-ILI and AGE syndromic datawere extracted
during 3 weeks: one in mid-August 2016, the 33rd week (third
column) when there was neither flu nor AGE epidemic, and
two in January 2017, the third and first weeks, at the ILI and
AGE epidemics weeks' peaks, according to the Sentinelles
network (second column). Then, each ILI and AGE syndromic
data transmission was examined, rating it as correct, adding to
TP, or incorrect, adding to FP (see Table 2).

The precision was best during epidemic weeks' peaks: 98% and
96%, respectively, as ILI and AGE versus 95% and 92% in
summer, and there were very little FP. For example, for ILI FP,
“ his son has flu,” “emergencies overloaded with flu cases,”
“no flu symptoms,” “could they take care of my girl who has
flu?’, and finally, “serrure dégrippée,” which means unjammed
in French but has the same word stem “gripp” as flu, were
excluded. We had aready excluded the word “ grippé” inthis
context, which means jammed for a lock. In addition, by
checking the flu cases, we found 67 flu tests mentions using
nasal swabs, adding 21% new cases. For AGE FP, “vomited
without diarrhea” (2 times, as both words are needed to classify
as an AGE syndrome) and “diarrhea protocol if fever” were
excluded.
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Figure 3. Theinfluenza-likeillness (ILI) Base du Bien Vieillir time series (TS) using the Bayes' alarm a gorithm with 12 weeks upstream and the IL|
Sentinelles outbreaks. NH: nursing homes. Green ellipses highlight a nice overlapping of alarm and Sentinelles’ network weeks or when the algorithm
seems better, whereas red ellipses when thisis not the case.
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Figure 4. The acute gastroenteritis (AGE) Base du Bien Vieillir (BBV) time series using the Bayes' alarm algorithm with 12 weeks upstream and the
AGE Sentinelles outbreaks. NH: nursing homes. Green ellipses highlight a nice overlapping of alarm and Sentinelles’ network weeks or when the
agorithm seems better, whereas red ellipses when thisis not the case.
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Figure5. Theinfluenzalikeillness (IL1) Base du Bien Vieillir (BBV) time series using the EARS_C3's alarm algorithm with 12 weeks upstream and
the ILI Sentinelles outbreaks. NH: nursing homes. Green ellipses highlight a nice overlapping of alarm and Sentinelles’ network weeks or when the
agorithm seems better, whereas red ellipses when thisis not the case.
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Figure 6. The acute gastroenteritis (AGE) Base du Bien Vieillir (BBV) time series using the EARS_C3's alarm algorithm with 12 weeks upstream
and the AGE Sentinelles outbreaks. NH: nursing homes. Green ellipses highlight a nice overlapping of alarm and Sentinelles’ network weeks or when
the algorithm seems better, whereas red ellipses when thisis not the case.
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Table 2. Assessing Base du Bien Vieillir (BBV) influenza-like iliness (IL1) and acute gastroenteritis (AGE) syndromes data transmissions precision
during 3 periods: last summer (2016: 33rd week), the Last ILI (2017: 3rd week) and (2017: first week) epidemics weeks' pesks.

Disease  Epidemic  Week of study Residentswith  Residentswith  Residentswithinfluen- False True Precision®or positive
period syndromes,n  syndromes x zalikeillnessor acute  positive  positive  predictive value

transmission gastroenteritis, n
days, n

ILI No sem33-2016 5399 10,631 56 3 53 0.95

AGE No sem33-2016 5399 10,631 26 2 24 0.92

ILI Yes sem03-2017 6013 12,215 318 5 313 0.98

AGE Yes sem01-2017 5862 11,933 68 3 65 0.96

Precision=TP/(TP+FP).

Stability

As detailed in this section, the data transmission stability was
evaluated by studying the weekly syndromes’ frequencies for
every NH from November 1, 2010, aswell astheratio of weeks
with syndromic data transmissions:

1 The weekly 26 syndromes frequencies averaged over the
number of NH (126) ranged from 21.45 to 180.57
(mean=88.5, SD=22.8).

2. Theratio of weeks of datatransmissions per NH was built
by computing the number of data transmissions weeks
versus the data transmissions weeks span and ranged from
89% to 100% (mean=100%, SD=1%). Only 1 NH had a
ratio of less than 95%.

Finaly, the syndromic data flow over time studied with 3
chronicillnesses and fall s syndromes di stributions showed great
stability (see Multimedia Appendix 5 for further details).

Flexibility-Timeliness-Representativeness-Usefulness

Table 2 showed theflexibility and reactiveness of our syndromic
system during epidemic periods, following at the sametimethe
increasing number of cases, going from aweekly population of
5399 to 6015 without losing any precision, from 95% to 98%.
Asshown thiswinter, by using the NH indexes and regions, the
flu epidemic was followed geographically, week after week,
starting from the beginning, detecting where the epidemic was
most intense, tracking the most severe cases and related
hospitalizations and deaths.

Great geographic heterogeneity was detected between regions
in terms of ratios of infected; the Rhone valley (Rhone Alpes)

http://publichealth.jmir.org/2018/4/e69/

and south (Sud) being the most afflicted with 24% and 19%
and the southeast (Sud-Est) being the least afflicted with only
9%. There was also great variability in terms of population
characteristics, for example, those from the southwest were the
oldest afflicted at amean age of 89.7 years, whereasthe southern
residents were the youngest at 87.6 years, 2 years and amonth
difference being quite alot given the mean duration of residents
stay. Finally, among 1800 residents with a flu transmission,
only 1 had no personal data.

Surveillance Algorithms' Quality

The 3 surveillance package EARS salgorithms aswell asBayes
algorithm were compared for both diseases. For every algorithm,
the Cl level defines the threshold used to trigger statistical
alarms. We used a ClI level of 0.001 for EARS Ci, i=1, 2, 3
and adso a Cl level of 0.025 for EARS C3 and Bayes
algorithms. 0.001isthe EARS_C3 default level, whereas 0.025
isthe Bayes' agorithm default level (see the algorithm quality
in Table 3). The EARS _C3 with alpha=0.025 gave the best
results for both diseases (in italics in Table 3). Nevertheless,
the Bayes' algorithm seemed better to define alarm weekswhen
epidemics were less intense as for IL1 2015 to 2016 and AGE
2013 to 2014 seasons, as there were fewer lag weeks between
the Bayes' alarm weeks and the Sentinelles outbreak weeks
(green arrowswere added in Figures 3-6 to highlight thistrend).

Either with ILI or AGE TS, mostly coherence between NH data
and the Sentinelles data could be witnessed. In addition, only
12 weeks of data (see Table 3) were needed to detect outbreaks,
most of the time several weeks ahead of Sentinelles’ outbreaks.
Thiswas especialy true for the last flu season (winter 2016 to
2017 in Figures 3 and 4).
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Table 3. Comparing the surveillance algorithms' quality on Base du Bien Vieillir (BBV) influenza-like illness (ILI) and acute gastroenteritis (AGE)
time serieswith ILI and AGE Sentinelles’ outbreaks detection, by using early aberration reporting system (EARS).

Disease and algorithm ~ Number of ~ True Fase  True False  Senstivity — Specificity pjgance®  Precision or positive
weeks positive positive negative negative or recall predictive value

Influenza-likeillness

Bayes® 12 22 44 210 32 0.407 0.827 0.617 0.333

EARS C1¢ 7 6 12 248 48 0.111 0.954 0.890 0.333

EARS C2¢ 9 13 26 232 41 0.241 0.899 0.766 0.333

EARS C3¢ 12 19 31 225 35 0.352 0.879 0.659 0.380

EARS C3°¢ 12 26 40 216 28 0.482 0.844 0.542 0.39%4
Acute gastroenteritis

Bayes® 12 16 18 251 23 0.410 0.933 0.594 0.471

EA RS_C3d 12 16 13 258 23 0.410 0.952 0.607 0.592

EARS C3°¢ 12 21 26 245 18 0.539 0.904 0471 0.447

8Djstance=sart ((1-spec)2 + (sens—l)z) is the Euclidean distance of (specificity, sensibility) from (1, 1).

bprecision=TP/ (TP+FP) is the true positives ratio among the positives.

CCl with alpha=.025. Itaicization indicates the best results, and therefore, the best method to detect both ILI and AGE.

der with alphas.001.

Discussion

Principal Findings

We built and assessed anational ecological NH PH SSdedicated
to senior citizens. By using a national network of 126 NH and
extracting all sociodemographic as well as daily medical data
from EHRs, a cohort of 41,061 residents was built. Through
textual analysis of clinical narratives (CNs), we implemented
ARI_ILI and AGE syndromes. We also engineered related TS
by computing weekly head counts. Alarmswith EARS _C3 and
Bayes algorithms on these, over a 6-year period, allowed usto
forecast the 2016 to 2017 influenza outbreak by more than 2
weeks; as can be seen in Figure 5, our statistical alarms were
triggered in December, whereas the influenza epidemic
according to SPF started only in January.

Withjust 4 tables, this| S of anew kind showed that it is possible
to follow almost every resident every day, where he or sheiis,
during hisor her entire NH life, hopefully selecting most of his
or her ARI-ILI and AGE health events, from NH entry until
death or exit. Furthermore, each relevant syndrome is defined
by 2 syndromic representations. either a simple additive
syndromic image, that is, its 4 Boolean [65] syndromic
components allowing whatever filtering, or itsliteral expression
for further textual analysis or in-depth health questioning. By
thiswhole process, free textual information extracted from CN
was shaped into numerical datafor further statistical or machine
learning analysis.

In this study, we engineered areal NH SSS on qualitative data,
offering immediate accessibility without adding any extrawork
to medical staff [11]. By using SQL-like pattern matching [37]
and Delphi-like experts consensus [57,58] on the data
transmissions file, we followed last season ARI-ILI and AGE

http://publichealth.jmir.org/2018/4/e69/

epidemicsand found almost in real timethat theflu dramatically
reached NH residents, tracking them geographically and timely,
searching for flu-related hospitalizations and deaths. Preventing
disruptions of medical tasks and medical and paramedical staff
turnover by predicting even 1 or 2 weeks ahead, the epidemic
intensity could greatly improve the NH human resources
management over time and help to prevent sanitary disasters
by strengthening hygiene measures, for example.

As explained in [12], early detection of outbreaks can be
achieved in 3 ways: first, by prompt recognition and reporting
of disease case reports. Here, we could find most of flu and
AGE cases by syndromic descriptions fed in the data
transmissions table. Second, by improving the ability to
recognize patterns indicative of a possible outbreak early inits
course, using analytic tools, counting syndromes by NH, and
building time series with the surveillance package. Third, by
exploiting datathat can signify an outbreak earlier inits course.
More specifically, adding hospitalizations and desths syndromes
to the ARI_ILI, AGE syndromes allowed us to assess the flu
and AGE outbreaks intensities as well as their severities long
before the French health authorities thislast season and follow
precisely and locally the residents syndromic population
because of the NH and residents’ indexes.

This framework with its 3 components, wholly described in
Figure 1, has shown its efficacy as a public health SSfor early
detection of outbreaks. By bringing to light new data not
available elsawhere when needed, this SSS improves NH
ARI-ILI epidemics knowledge. Its tools' efficacy could even
be quantified by assessing syndromes precision, stability,
flexibility, timeliness, representativeness, and finally algorithms
quality [12,66].
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For the AGE data, even with lots of cases, a good correlation
could be found for every winter season between the NH alarm
weeks and Sentinelles outbreak weeks (asshown in the last row
in Table 3 by the small distance value of 0.471). The first ones
almost always precede the latter by several weeks, except for
the 2014-2015 winter where the AGE epidemic essentially
reached senior citizensin NH [85]. During last winter, the AGE
outbreak started at the same time asin other NH in France.

Limitations

This SSS using mostly the transmissions' qualitative data is
neither exhaustive as some syndromes may still not be described
in the SSS nor complete, as medical staff may not have fed all
syndromic information on some day for whatever reason. So,
ILI and AGE syndromic data recall, what proportion of cases
in classes were correctly assigned to their classes [65], could
not be assessed. At this moment, the syndromic information
depends essentially on the medical staffs available time and
dedication to feed the system as shown in the Results section
Syndromic Data Analysis subsection Stability subsubsection,
where 1 NH had a ratio of data transmissions weeks of 89%,
with 293 weeks of data transmission over a total span of 329
weeks.

As soon as the cold season begins, elderly people may get a
respiratory syncytial virus (RSV), similar to very young
children. In fact, RSV is a common cause of acute respiratory
illnessin older adults astherisk of seriousrespiratory infection
increases with age [86,87]. Usually, RSV spreads quickly just
before flu or at the same time and is largely indistinguishable
frominfluenzabased on clinical presentation alone[50,51,86].
It is rather a recurring problem in older adults causing 2% to
5% of adult community-acquired pneumonia [88]. Triggering
an alarm even for RSV would allow to quickly organize care
for the residents.

Then, by following our syndromic ARI_ILI data, 2 trendscould
be traced, one starting in early November, maybe the RSV,
followed by another one later, starting usually in December as
this year or later as last year. Depending on the flu epidemic
characteristics and as ARI, ILI, and RSV could not be
distinguished in our text mining algorithm, aflu threshold could
be detected whenever appropriate or several weeks ahead. As
can be seen, during the 2013-2014 and 2015-2016 winters,
between the first alarm weeks and the outbreak weeks, quite
long times elapsed [89,90], but as not really reaching elderly
people, there was not something clear to find. However, during
the 2014-2015 and 2016-2017 winters, we found a much better
correlation between the two, the first ones, probably because
of RSV, aways preceding the latter by approximately 8 weeks
(Figures 3 and 4), thus often triggering aarms before those of
the Sentinelles network.

At the sametime, we found proportionately much more [LI new
caseswith our SSS than with the Sentinelles network, especially
for this last influenza season (see the last ARI-ILI surge at the
beginning of 2017 in Figures 3 and 4). As atype A influenza
virus, it reached peopl e older than 75 years much more than the
rest of the French population [81]. Then, as soon as clusters of
NH ARI cases appeared, many flu tests had to be done to label
residents as flu positive or negative. Moreover, even as some
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tests were negative, they derived from the flu epidemic health
protocol and were mandatory to HRA hygienic safety measures
[91-95], increasing the number of cases still more.

Nevertheless, as detailed above, fewer lag weeks were found
with the Bayes' algorithm and even an overlap of alarm weeks
and outbreak weeksfor the ILI 2015-2016 (Figure 3) and AGE
2013-2014 (Figure 5) epidemics and nothing like that with the
EARS_C3 agorithm (Figures 4 and 6). We could try in the
following years to mix both algorithms as done in the study by
Baroukh [96] for Salmonella and decide triggering an alarm
whenever 1 of the 2 algorithms reaches its alarm threshold,
probably improving both sensitivity and specificity.
Alternatively, as in the new MASS (Module for the Analysis
of SurSaUD and Sentinelles’ data) system [68] designed by
SPF, we could combine 3 statistical methods and 3 different
data sources, used since January 2016 to define the public health
alerts.

Finally, the epidemiologic analysis and interpretation steps
(Figure 1) were not fully automated. Some work still needs to
be done, especially the whole Sentinelles data extraction process.
Some similar job was done before on another project [96,97].

Conclusions

Outbreak a ertsare more reliable when systemsfocus on specific
syndromesthat reflect high-probability events such asinfluenza
[62], as could be seen in this rea-life experiment. However,
there is always room for improvement, as the aggregation of
ARl and ILI as well as RSV constraint shows. Nevertheless,
this IS gives aready a rich and detailed syndromic image of
these residents. Moreover, as syndromes are modular and the
Pentaho platform [64] allows extraction from different data
silos, it will be possible to add new syndromes, maybe RSV,
whenever needed and to adapt them to the new IS that istwice
as big and due next year.

This study follows another work on CN using textual analysis
and clearing the way for this syndromic health 1S design [98].
Tracking flu and AGE epidemics seasons almost in real time
and following their impact especially during thislast year acute
flu season has helped to show the usefulness of this SSS. In
addition, the (November 2010-June 2016) syndromic datawere
used to build ARI_ILI and AGE algorithms, and nothing had
to be added or retrieved to follow these last season epidemics’
trends, so these algorithms exhibited flexibility, adaptability,
stability, and timeliness.

This study highlights some differences between the NH
residents’ population and the general population, which hampers
a better correspondence between NH alarm weeks and
Sentinelles outbreak weeks. The main challenges here are
extending the syndromic 1S, improving the syndromes
descriptions, aswell as better taking into account NH residents
distinctiveness. Monitoring flu and AGE using the BBV IS
could giveway to areal SSfor all senior citizensin France. For
example, there are incoming discussions between Korian and
HRA about targeting RSV besides flu and handling what
differentiates them.

Korian NHs are already working with HRA at a local level,
exchanging clinical data with them whenever outbreaks are
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detected. This data sharing could then be extended with
syndromic data integration, resulting in HRA reactiveness
improvement [99]. Indeed, syndromic dataare alwaysavailable
before, even if less precise. NH residents as awhole are afrail
and captive population functioning as an ever-increasing
reservoir for any contagiousillness[100,101]. It isthen essential
to be ableto prevent with al possible disposabletoolsany health
catastrophe in the near future.

Delespierre & Josseran

This syndromic IS offers a real opportunity for finding new
waysto seniors’ functioning modelization and opens, hopefully,
the path toward specific clinical hypotheses formulation. Other
worksincluded studying the use of this|S applied to other public
health problems such as frequent falls or falls with casualties
[102] but also working toward a better life ending with cancer
[103]. Ultimately, the aims are removing al preventable deaths
and improving the residents’ end of life with more autonomy,

less pain, and an improved quality of life, trandating this new
knowledge into health benefits for seniors everywhere.
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Abstract

Background: Traditional surveillance systems produce estimates of influenza-like illness (ILI) incidence rates, but with 1- to
3-week delay. Accurate real-time monitoring systems for influenza outbreaks could be useful for making public health decisions.
Several studies have investigated the possibility of using internet users’ activity data and different statistical models to predict
influenza epidemicsin near real time. However, very few studies have investigated hospital big data.

Objective: Here, we compared internet and electronic health records (EHRs) data and different statistical models to identify
the best approach (data type and statistical model) for ILI estimatesin real time.

Methods: We used Google data for internet data and the clinical data warehouse eHOP, which included all EHRs from Rennes
University Hospital (France), for hospital data. We compared 3 statistical model s—random forest, elastic net, and support vector
machine (SVM).

Results: For national ILI incidence rate, the best correlation was 0.98 and the mean squared error (M SE) was 866 obtained with
hospital data and the SVM model. For the Brittany region, the best correlation was 0.923 and M SE was 2364 obtained with
hospital data and the SYM model.

Conclusions: We found that EHR data together with historical epidemiological information (French Sentinelles network)
allowed for accurately predicting IL| incidence ratesfor the entire France aswell asfor the Brittany region and outperformed the
internet data whatever was the statistical model used. Moreover, the performance of the two statistical models, elastic net and
SVM, was comparable.
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Introduction

Background

Influenzaisamajor public health problem. Outbreaks cause up
to 5 million severe cases and 500,000 deaths per year worldwide
[1-5]. During influenza peaks, largeincreasein visitsto general
practitioners and emergency departments causes hedlth care
system disruption.

To reduce its impact and help organize adapted sanitary
responses, it is necessary to monitor influenza-likeillness (ILI;
any acute respiratory infection with fever = 38°C, cough, and
onset within the last 10 days) activity. Some countries rely on
clinical surveillance schemes based on reports by sentinel
physicians[6], where volunteer outpatient health care providers
report all LI cases seen during consultation each week. In
France, ILI incidence rate is then computed at the national or
regional scale by taking into account the number of sentinel
physicians and medical density of the area of interest. ILI
surveillance networks produce estimates of L1 incidencerates,
but with a 1- to 3-week delay due to the time needed for data
processing and aggregation. Thistimelag isan issue for public
health decision making [2,7]. Therefore, there is a growing
interest in finding ways to avoid thisinformation gap. Nsoesie
et al [8] reviewed methods for influenza forecasting, including
temporal series and compartmental methods. The authors
showed that these models have limitations. For instance,
influenzaactivity isnot consistent from season to season, which
is a problem for temporal series. Alternative strategies have
been proposed, including using different data sources, such as
meteorological or demographic data, combined with ILI
surveillance network data [9-11] or big data, particularly Web
data[12]. With over 3.2 billion Web users, data flows from the
internet are huge and of all types; they can be from social
networks (eg, Facebook and Twitter), viewing sites, (eg,
YouTube and Netflix), shopping sites, (eg, Amazon and
Cdiscount), but also from sales or rentals website between
particulars (eg, Craigdlist and Airbnb). In the case of influenza,
some studies used data from Google [2,4,9,13-16], Twitter
[17,18], or Wikipedia [19-21]. The biggest advantage of Web
dataisthat they are produced in real time. One of the first and
most famous studies on the use of internet data for detecting
influenzaepidemicsis Google Flu Trends[13,22], aWeb service
operated by Google. They showed that internet users' searches
are strongly correlated with influenza epidemics. However, for
the influenza season 2012-2013, Google Flu Trends clearly
overestimated the flu epidemic due to the announcement of a
pandemic that increased the internet users search freguency,
whereas the pandemic finaly did not appear. The lack of
robustness, dueto the sensitivity to theinternet users' behavioral
changes and the modifications of the search engine performance
led to stop the Google Flu Trends algorithm [2,23,24].

Some authors updated the Google Flu Trends agorithm by
including data from other sources, such as historical flu
information for instance or temperature [2,13-16]. Yang et al
[2] proposed an approach that relies on Web-based data (Centers
for Diseases Control ILI activity and Google data) and on a
dynamic statistical model based on a least absolute shrinkage
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and selection operator (LASSO) regression that alows
overcoming the aforementioned issues. At the national scale,
the correlation between predictions and incidence rates was
0.98.

The internet is not the only data source that can be used to
produceinformationin real time. With the widespread adoption
of electronic health records (EHRS), hospitals also produce a
huge amount of data that are collected during hospitalization.
Moreover, many hospitals are implementing information
technology tools to facilitate the access to clinical data for
secondary-use purposes. Among these technologies, clinical
data warehouses (CDWSs) are one of the solutions for hospital
big data (HBD) exploitation [25-28]. The most famous is the
Informaticsfor Integrating Biology & the Bedside (i2b2) project,
developed by the Harvard Medical School, which is now used
worldwidefor clinical research [29,30]. In addition, it has been
shown that influenza activity changes detected retrospectively
with EHR-based ILI indicators are highly correlated with the
influenza surveillance data [31,32]. However, few HBD-based
models have been developed to monitor influenza [7,33].
Santillana et a proposed a model using HBD and a machine
learning algorithm (support vector machine[SVM]) with agood
performance at the regional scale [7]. The correlation between
estimates and ILI incidence rates ranges from 0.90 to 0.99,
depending on the region and season.

Objectives

It would beinteresting to determine whether HBD gives similar,
better, or lower results than internet data with these statistical
models (machine learning and regression). To thisaim, wefirst
evaluated HBD capacity to estimate influenza incidence rates
compared with internet data (Google data). Then, we aim to
find the best statistical model to estimate influenza incidence
rates at the national and regional scalesby using HBD or internet
data. Asthese models have been described in the literature, we
focused on two machine learning algorithms, random forest
(RF) and SVM, and alinear regression model, elastic net.

Methods

Data Sources

Clinical Data Warehouse eHOP

At Rennes University Hospital (France), we developed our own
CDW technology called eHOP. eHOP integrates structured
(laboratory test results, prescriptions, and International
Classification of Diseases 10th Revision, 1CD-10, diagnoses)
and unstructured (discharge letter, pathology reports, and
operative reports) patientsdata. It includes datafrom 1.2 million
in- and outpatients and 45 million documents that correspond
to 510 million structured elements. eHOP consists of a powerful
search engine system that can identify patients with specific
criteria by querying unstructured data with keywords, or
structured data with querying codes based on terminologies.
eHOP isroutinely used for clinical research. Thefirst approach
to obtain eHOP data connected with ILI wasto perform different
full-text queries to retrieve patients who had, at least, one
document in their EHR that matched the following search
criteria:
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1. Queriesdirectly connected with flu or ILI were asfollows:
. flur
- “flu” or “ILI”
- “flu” or “ILI", in the absence of “flu vaccination”
»  “fluvaccination”
- “flu” or “ILI", only in emergency department reports

2. Queries connected with flu symptoms were as follows:
- “fever” or “pyrexia’
- “body aches’ or “muscular pain’
- “fever or pyrexia’ or “body aches or muscular pain”
»  “fluvaccination”
- “fever or pyrexid’ and “body aches or muscular pain”

3. Drug query was as follows:
o “Tamiflu”

The second approach was to leverage structured data with the
support of appropriate terminologies:

1. ICD-10 queries were as follows: J09.x, J10.x, or J11.x
(chapters corresponding to influenza in 1CD-10). We
retained all diagnosis-related groups with these codes.

2. Laboratory queries were as follows: influenza testing by
reverse transcription polymerase chain reaction; we retained
test reports with positive or negative results because the
am was to evaluate more generaly ILI symptom
fluctuations and not specifically influenza.

In total, we did 34 queries. For each query, the eHOP search
engine returned all documents containing the chosen keywords
(often, several documents for 1 patient and 1 stay). For query
aggregation, we kept the oldest document for 1 patient and 1
stay and then calculated, for each week, the number of stays
with, at least, one document mentioning the keyword contained
in the query. In this way, we obtained 34 variables from the
CDW eHOP. Multimedia Appendix 1 shows the queries and
the number of concerned stays. We retrieved retrospective data
for the period going from December 14, 2003 to October 24,
2016. This study was approved by the local Ethics Committee
of Rennes Academic Hospital (approval number 16.69).

Google Data

For comparison with internet data, we obtained the frequency
per week of the 100 most correlated internet queries (Multimedia
Appendices 2 and 3) by French users from Google Correlate
[34], and we used this information to retrieve Google Trends
data. Unlike Google Correlate, Google Trends data [35] are
available in real time, but we had to use Google Correlate to
identify themost correlated queriesto asignal. Thetimesseries
passed into Google Correlate are the national flu time series
and the regional flu time series (Brittany region) obtained from
the French Sentinelles network (see below). The time period
used to cal cul ate the correlation isfrom January 2004 to October
2016. We used the R package gtrendsR to obtain automatically
Google Trends data from January 4, 2004 to October 24, 2016
[36,37].

Sentinelles Network Data

We obtained the national (Metropolitan France) and regional
(Brittany region, because Rennes University Hospital, from
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which EHR data were obtained, is situated in this region) ILI
incidence rates (per 100,000 inhabitants) from the French
Sentinelles network [38-40] from December 28, 2002 to October
24, 2016. We considered these data as the gold standard and
used them as independent historical variables for our models.

Data Preparation

Based on previous studies that included datasets with very
different numbers of explanatory variables according to the used
statistical model [2,7], we built two datasets (one with a large
number of variables and another with a reduced number of
selected variables) from eHOP and Google data, for both the
national and regional analyses (Figure 1).

Each one of these four datasets was completed with historical
Sentinelles data. Therefore, for this study, we used the
following:

1. eHOP Complete: this eHOP dataset included all variables
from eHOP and the historical data from the Sentinelles
network with the ILI estimates for the 52 weeks that
preceded the week under study (thus, from t-1 to t-52).

2. eHOP Custom: this eHOP dataset included the 3 most
correlated variables between January 2004 and October
2016 from eHOPfor theIL| signal for week t, =1 (t-1), and
-2 (t-2), and historical information from the Sentinelles
network with ILI estimates for t-1 and t-2.

3. Google Complete: this Google dataset included the 100
most ILI activity-correlated queries from Google Trends
and historical information from the Sentinelles network
with ILI estimates for t-1 to t-52.

4. Google Custom: this Google dataset included the 3 most
ILI activity-correlated queries between January 2004 and
October 2016 from Google Trendsfor t, (t-1), and (t-2) and
historical data from the Sentinelles network with ILI
estimates for (t-1) and (t-2).

Statistical M odels

Our test period started on December 28, 2009 and finished on
October 24, 2016. Wefitted our models using atraining dataset
that corresponded to the data for the previous 6 years. Each
model was dynamically recalibrated every week to incorporate
new information. For instance, to estimate the ILI activity
fluctuations for the week starting on December 28, 2009, the
training data consisted of data from December 21, 2003 to
December 21, 2009.

Elastic Net

Elastic net is a regularized regression method that takes into
account the correlation between explanatory variables and also
alarge number of predictors [41]. It combines the penalties of
the LASSO and Ridge methods, thus allowing keeping the
advantages of both methods and overcoming their limitations
[42,43]. With datasets that may have up to 152 potentially
correlated variables, we performed the elastic net regression
analysisusing the R package glmnet and the associated functions
[36,44]. Wefixed a coefficient alphaequal to.5 to give the same
importanceto the LASSO and Ridge constraints. We optimized
the shrinkage parameter lambda via a 10-fold cross validation.
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Figure1l. Schematic representation of the study design, including the data preparation and datamodeling steps. ILI: influenza-likeillness; SVM: support

vector machine; ARIMA: autoregressive integrated moving average.
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Random Forest

RF model combines decision trees constructed at training time
using the general bootstrap aggregating technique (known as
bagging) [45]. We used the R package randomForest to create
RF models with a number of decision trees equal to 1500
[36,46].

Support Vector Machine

SVM is a supervised machine learning algorithm that can be
used for classification or regression anayses [47]. Unlike
multivariate regression models, SVYM can learn nonlinear
functions with the kernel trick that maps independent variables
in a higher dimensional feature space. As Santillana et a [7],
we used the linear kernel and optimized the cost parameter via
a 10-fold cross validation with the R package €1071 [36,48].
Validity

Elastic netisamodel that fulfills some assumptionson residuals.
Means and variances must be constant, and residuals must be
not correlated. Thus, residuals are called white noise. To test
the stationarity and whiteness, we used Dickey Fuller's and
Box-Pierce's tests available from the R packages tseries and
stats [36,49]. When assumptions were not respected, we fitted
residualswith amodel of temporal series, called autoregressive
integrated moving average (ARIMA) model. For RFand SVM,
assumptions on residuals are not required. However, for
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comparison purpose, we tested them with the ARIMA model
onresiduals (Multimedia Appendices 4 and 5). We al so assessed
the calibration of the models by plotting the estimates against
the real observations and by adding the regression line [50]
(Multimedia Appendices 6 and 7).

Evaluation

We compared our ILI estimates with ILI incidence rates from
the Sentinelles network by calculating different indicators. The
mean squared error (MSE); Pearson correlation coefficient
(PCC); variationin the height of the epidemic peak (AH), which
corresponds to the difference between the height of the ILI
incidence rate peak during the epidemic period estimated by
the models and the height estimated by the Sentinelles network;
and prediction lag (AL), which corresponds to the time
difference between theIL1 incidencerate peak estimated by the
model s and the peak estimated by the Sentinelles network, were
calcuated. For the global comparison (ie, the entire study
period), we calculated only the MSE and PCC. We calculated
the four metrics only for the epidemic periods (plus 2 weeks
before the start and after the end of the epidemic). The start and
end date of epidemics were obtained from the Sentinelles
network [39]. Indeed, clinicianswant to know when an epidemic
starts and finishes, as well as its amplitude and severity.
Therefore, interepidemic periods are less important. We also
calculated the mean of each indicator for each influenza season
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to assess the model robustness. We also added two indicators
to the mean of (AH) and (AL): the mean of [AH| and |AL|. We
used the mean of (AH) to assess whether the models tended to
underestimate or overestimate the peak calculated by the
Sentinelles network, and the mean of (AL ) to determine whether
the predictions made by our models were too late or too in
advance relative to the Sentinelles data. The mean of |[AH| and
|AL | allowed usto assess the estimate variability.

Results

Principal Results

Here, we show the results we obtained with the four datasets
and three models—RF, SVM, and elastic net+residuals fitted
by ARIMA (ElasticNet+ARIMA). The model on residualswas
required to fulfill the assumptions for elastic net but not for the
RF and SVM models. All results are presented in Multimedia
Appendices 4 and 5. Moreover, we present two influenza
outbreaks, including the 2010-2011 season (flu outbreak period
for which the best estimates were obtained with all models) and
the 2013-2014 season (flu outbreak period for which the worst
estimates were obtained with all models; Multimedia A ppendix
8). The calibration plots are in presented in Multimedia
Appendices 7 and 9.

National Analysis

Dataset Comparison

PCC ranged from 0.947 to 0.980 when using the eHOP datasets
(Multimedia Appendix 8) and from 0.937 to 0.978 with the
Google datasets. M SE ranged from 2292 to 866 for the eHOP
and from 2607 to 968 for the Google datasets. The mean PCC
values during epidemic periods varied from 0.90 to 0.96 for the
eHOP and from 0.87 to 0.96 for the Google datasets. The mean
M SE values ranged from 7597 to 2664 for the eHOP and from
9139 to 2805 for the Googl e datasets.

Model Comparison

The eHOP Custom dataset gave the best results with the SYM
model and ElasticNet+ARIMA (Multimedia Appendix 8). The
SVM model and ElasticNet+ARIMA showed similar
performance concerning the global activity (PCC=0.98; M SE,
<900) and a so during epidemic periods (mean values), although
PCC decreased (0.96) and the MSE increased (> 2500). Both
model stended to overestimate the height of the epidemic peaks
(AH=6 with SVM; AH=26 with ElasticNet+ARIMA), but the
SVM model was dightly more accurate (JAH[|=19 for SVM;
|AH[=30 for the ElasticNet+ARIMA model). Conversely, the
SVM model showed alarger prediction lag (AL=+0.83). Figure
2 illustrates the estimates obtained with the best models (SVM
and ElasticNet+ARIMA with the dataset eHop Custom).

The same figure with the dataset Google Custom is presented
in Multimedia Appendix 10. In the same way, thereis afigure
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with eHOP Custom and Googl e Custom datasets with the model
ElasticNet+ARIMA presented in Multimedia Appendix 11.

For the outbreak of 2010-2011, eHOP Custom using
ElasticNet+ARIMA gavethe best PCC (0.98) and the best MSE
(1222). With this model, there was a slight overestimation of
the height of the epidemic peak (AH=23) and a prediction lag
of 1 week. For the 2013-2014 outbreak, eHOP Custom using
SVM gave the best PCC (0.95) and MSE (996), as well as the
best AH (19) and prediction lag (1 week; Multimedia Appendix
8).

Regional Analysis

Figure 3 shows that ILI incidence rate variations were more
important at the regional than the national level. For thisreason,
PCC decreased and M SE increased by the order of magnitude.
The same figure with the dataset Google Custom is presented
in Multimedia Appendix 12.

Dataset Comparison

PCC ranged from 0.911 t0 0.923 (M ultimedia Appendix 8) with
the eHOP and from 0.890 to 0.912 with the Google datasets.
MSE varied from 2906 to 2364 and from 3348 to 2736 for the
eHOP and Google datasets, respectively. During epidemic
periods, the mean PCC value ranged from 0.83 to 0.86 and from
0.70 to 0.83 for the eHOP and Google datasets, respectively.
The mean M SE values ranged from 7423 to 5893 for the eHOP
and from 9598 to 7122 for the Google datasets.

Model Comparison

Like at the national scale, eHOP Custom allowed obtaining the
best PCC and MSE, and the SVYM (PCC=0.923; M SE=2364)
and ElasticNet+ARIMA (PCC=0.918; MSE=2451) models
showed similar performances (Multimedia Appendix 8). Similar
results were obtained al so for the mean values during epidemic
periods. Nevertheless, the PCC decreased (0.86 for SVM and
0.84 for ElasticNet+ARIMA), and the MSE increased (6050
for SVM and 5999 for ElasticNet+ARIMA). Both model stended
to underestimate the height of the epidemic peaks (AH=-60
with SVM; AH=-32 with ElasticNet+ARIMA). The SVM model
gave better PCC and M SE than the ElasticNet+ARIMA model,
but ElasticNet+ARIMA was dlightly more accurate for the
epidemic peak height (JAH|=60 for SVM; |AH|=38 for the
ElasticNet+ARIMA model). Although both models had a
prediction lag (AL=+0.3), the ElasticNet+ARIMA model
absolute lag value was smaller than that of SVM (JAL|=0.7;
[AL|=1). For the 2010-2011 outbreak, eHOP Complete using
the RF model gave the best PCC (0.92) and M SE (4263); with
this model, there was a slight peak underestimation (AH=-40)
but no prediction lag. For the 2013-2014 epidemic, the best
PCC (0.78) and MSE (2113) were obtained with the Google
Complete dataset and the ElasticNet+ARIMA model; therewas
a slight epidemic peak height underestimation (AH=-26) and
1 week of prediction lag.
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Figure 2. National influenza-likeillness (ILI) activity retrospective estimates obtained using the eHOP Custom dataset and the elastic net model with
residualsfitted or the support vector machine model compared with the ILI activity levels from the French national Sentinelles networks. Global signal
and 2010-2011 and 2013-2014 outbreaks are presented. SVM: support vector machine.
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Figure 3. Regional influenza-likeillness (ILI) activity retrospective estimates obtained using the eHOP Custom dataset and the elastic net model with
residualsfitted or the support vector machine model compared with the IL1 activity levels from the French regional Sentinelles networks. Global signal
and 2010-2011 and 2013-2014 outbreaks are presented. SVM: support vector machine.
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Discussion

Data

Here, we show that HBD in combination with flu activity-level
data from a national surveillance network alows accurately
predicting ILI incidence rate at the national and regional scale
and outperform Google data in most cases. The correlation
coefficients obtained for the French data are comparabl e to those
reported by studieson US data[2,7]. At the national and regional
level, the best PCC and the best MSE during the entire study
period or during epidemics were obtained using the eHOP
Custom dataset. Moreover, the PCC and M SE values obtained
with the eHOP datasets were better than those obtained with
the Google datasets, particularly at the regiona level (PCC
0.911-0.923 vs 0.890-0.912; MSE 2906-2364 vs 3348-2736,
respectively; Multimedia Appendix 8). However, the national
signal is smoother and less noisy than the regional signal; the
contribution of other data sources, such as hospital data or Web
data, in addition to historical influenza data is more important
at the regional level (Multimedia Appendices 4 and 5). The
contribution of these external sources being less important at
the national level, the differences observed between hospital
data and Web data at this scale could be more significant.

Likeinternet data, some HBD can be obtainedin near real time,
especialy records from emergency departments that are
available on the same day or the day after. This is the most
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important data source for our models using eHOP datasets.
Some other data, such as laboratory results, are available only
on a weekly basis; however, they are not the most important
data source for our models.

Moreover, in comparison to internet data, HBD have some
additional advantages. First, dataextracted from CDWsarereal
health data can give information that cannot be extracted from
internet data, particularly information about patients (sex, age,
and comorbidities) [51]. In addition, an important clinical aspect
is to determine the epidemic severity. With HBD, it is possible
to gauge this parameter by taking into account the number of
patientswho were admitted in intensive care or died asthe result
of flu. Second, some CDW data (particularly emergency
department discharge summaries and laboratory test results)
can confirm that peoplewerereally affected by influenzaor ILI
symptoms. On the other hand, people can makeinternet queries
not because they are ill, but for other people, for prevention
purposes or just because it is a topical subject. Third, HBD
could also be used to estimate the incidence rates of diseases
that do not generate internet activity (eg, diseases without or
with little media coverage or that are not considered interesting
by the genera population). Fourth, there is a spatia
decorrelation between internet data and the regional estimates
that were not observed with the eHOP data. It isquite reasonable
that hospital-based data give a better estimate of regional
epidemics, although currently, we have only data from Rennes
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University Hospital that might not be representative of the entire
Brittany region.

A major HBD limitation is that, generally, clinical data are not
publicly available. In our case, we could only accessthe Rennes
University Hospital HBD. However, the epidemic peak in
Brittany could have occurred earlier or later relative to the
national peak, and this could have introduced a bias in our
estimation. We can hypothesize that ILI estimates, particularly
nationwide, might beimproved if we could extract information
from HBD in other regions. In the United States, a patient
research system allows aggregating patient observations from
alarge number of hospitals in a uniform way [52]. In France,
severa initiatives have been devel oped to create search systems.
For instance, an ongoing project (Réseau interrégional des
Centres de Données Cliniques) [53] in the Northwest area of
France associates six University Hospital centers (Angers, Brest,
Nantes, Poitiers, and Rennes et Tours) and Orleans Regional
Hospital Centre, thus collecting data.on patientsin the Bretagne,
Centre-Val de Loire, and Pays de la Loire regions. This
correspondsto 15.5% of Metropolitan France and 14.4% of the
entire French population. Another way to aggregate patient data
could be a cloud-based platform, and we are currently setting
up this kind of architecture; this platform will integrate two
University Hospital centers, Brest and Rennes, the French health
reimbursement database (Systeme national d'information
interrégimes deI'Assurance Maladi€) and registries, such asthe
birth defect registry or cancer registry.

Statistical M odels

Regarding the statistical models, we show that SVM and elastic
net with ARIMA model arefairly comparable with PCC ranging
from 0.970 to 0.980 at the national scale and from 0.890 to
0.923 at the regional scale. The SVM and elastic net modelsin
combination with the eHOP custom dataset were the most robust
models, although they did not aways give the best results.
Indeed, they showed the best performance in term of PCC and
MSE for the globa signa and also for the mean values.
Nevertheless, these models have some limits. The main
limitation of the SVM model is the very slow parameter
optimization when there are many variables. With the SVM
model, it can be important to preselect the important variables
to reduce the dataset size to improve the optimization speed.
For this, one needs a good knowledge of the available data,
which may be difficult when using big data. On the other hand,
elastic net shows good performance with many variables, which
is an advantage when the most relevant variables to estimate
ILI incidence rates are not known in advance. The elastic net
model is a parametric model that fulfills certain assumptions
onresiduals, differently from the SVM model. With elastic net,
residuals must be fitted to have a statistically valid model.
Nevertheless, if we had to choose a model, we would prefer
SVM with the eHOP Custom dataset because it has a better
PCC than elastic net at the regional scale.

Another limitation is that indicators are better for the global
period than for epidemic periods. Thisimpliesthat models are
less efficient during flu outbreaks, while clinical concerns are
higher during epidemics when good estimates of the outbreak
starting date, amplitude, and end are needed.
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Finally, the results of our modelswith Web data may have been
overestimated due to the way we obtained data from Google
Correlate. Indeed, Google Correlate used information that we
did not have at the beginning of our test period. Thetime period
for our time series passed into Google Correlateisfrom January
2004 to Octaber 2016. But, the beginning of our test period for
our models is January 2010. To be more precise, we should
recal culate the correlation coefficients for each week to predict
with the data available at that time.

In the same way, to custom datasets, we calculated the 3 most
correlated variables on atime period including our test period.
To compare the results, we built another dataset from eHOP,
including the 3 most correlated variablesto IL1 regional signal
between December 2003 and December 2009 (before our test
period), and we applied an ElasticNet+ARIMA model. In this
way, we kept 2 variables on the 3 present in the eHOP custom
dataset. The difference does not seem significant (Multimedia
Appendix 6), but it would be interesting to test this hypothesis
with all models at the national and regional scale with Google
and eHOP custom datasets.

Per spectives

Future research could address clinical issues not only nationally
or regionally but also at finer spatial resolutions such as a city
like Lu et a did [54], a health care ingtitution or in
subpopulations. Indeed, by predicting epidemics, it will be
possible to organize hospitals during epidemics (eg, bed
planning and anticipating overcrowding). Moreover, in this
study, we compared internet and HBD data; however, hybrid
systems could be developed to take advantage of multiple
sources [55,56]. For instance, internet datamight avoid the limit
of the local source linked to the choice or availability of HBD.
Data collected by volunteers who self-report symptomsin near
real time could be exploited [57]. Similarly, by combining
models, we could retain the benefits of each of them and
improve the estimates of ILI incidence rates. For example, we
could use another agorithm, such as stacking [58], to
concomitantly use the SVM and elastic net models. We could
also test other kernels than the linear kernel for SYM models.
Finally, we carried out a retrospective study using various
models with clinical data in combination with the flu activity
from the Sentinelles network to estimate IL| incidence ratesin
real time. Our models need now to be tested to determine
whether they can anticipate and predict IL| incidence rates.

Conclusions

Here, we showed that HBD is a data source that allows
predicting the ILI activity as well or even better than internet
data. This can be done using two types of models with similar
performance—SVM (amachinelearning model) and elastic net
(a model of regularized regression). This is a promising way
for monitoring ILI incidence rates at the national and local
levels. HBD presents several advantages compared with internet
data. First, they are real health data and can give information
about patients (sex, age, and comorbidities). This could allow
for making predictions on ILI activity targeted to a specific
group of people. Second, hospital datacan be used to determine
the epidemic severity by taking into account the number of
patients who were admitted in intensive care or died as aresult
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of flu. Third, hospital data (particularly the emergency
department discharge summaries and laboratory test results)
can confirm that people were really affected by influenza.
Finally, HBD could also be used to estimate the incidence rates
of diseases that do not generate internet activity. Although

Poirier et al

surveillance methods at thistime, they could be used to complete
them. For instance, real-time forecasting is necessary for
decision making. It can also be used to manage the patients
flow in general practitioners’ offices and hospitals, particularly
emergency departments.

massive data cannot take the place of traditiona influenza
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Multimedia Appendix 8

Accuracy metricsfor the 2010-2011 (flu outbreak period for which the best estimates were obtained with all models) and 2013-2014
(flu outbreak period for which the worst estimates were obtained with all models) seasons. PCC and M SE for the global period
(Global) and mean values (Means) of al indicators for each model during the epidemic periods. In bold, the best results for each
dataset. a. Data for the whole France. b. Data for the Brittany region.

[PDF File (Adobe PDF File), 52KB - publichealth v4i4e11361 app8.pdf |

Multimedia Appendix 9
Regional calibration.

[PNG File, 202KB - publichealth v4i4e11361 app9.png ]

Multimedia Appendix 10

National ILI activity retrospective estimates obtained using the Google Custom dataset and the Elastic Net model with residuals
fitted (pink dashed line) or the SYM model (blue dotted line) compared with the ILI activity levels from the French national
Sentinelles networks (green solid ling). a. Global signal. b. 2010-2011 and c. 2013-2014 outbreaks.

[PNG File, 142K B - publichealth v4i4e11361 appl0.png ]

Multimedia Appendix 11

National ILI activity retrospective estimates obtained using the Google Custom dataset and the Elastic Net model (blue dotted
line) or eHOP Custom dataset and the Elastic Net model (pink dashed line) compared with the ILI activity levels from the French
national Sentinelles networks (green solid line). a. Global signal. b. 2010-2011 and c. 2013-2014 outbreaks.

[PNG File, 142KB - publicheslth_v4i4e11361_appll.png]

Multimedia Appendix 12

Regional ILI activity retrospective estimates obtained using the Google Custom dataset and the Elastic Net model with residuals
fitted (pink dashed line) or the SYM model (blue dotted line) compared with the ILI activity levels from the French regional
Sentinelles networks (green solid ling). a. Global signal. b. 2010-2011 and c. 2013-2014 outbreaks.

[PNG File, 159K B - publichealth v4i4e11361 appl2.png ]
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Abstract

Background: The emergence of electric pedal-assist bicycles (e-bikes) presents an opportunity to increase active transportation
by minimizing personal barriers of engaging in physical activity.

Objectives: Theaim of this study wasto assessthe beliefs of individual s using e-bikes for active transport and report preliminary
biometric measurements while using e-bikes for physical activity compared with conventional bikes.

Methods: Participants used both conventional bicycles and e-bikes to compare energy expenditure while riding on the study
route. Apple smart watches were used to track each participant’s heart rate, distance, speed, and time while riding both bicycles.
A total of 3 survey instruments were used to estimate beliefs: one administered before riding the bicycles, a second administered
after riding aconventional bike, and the final survey completed after riding an e-bike. Survey instruments were constructed using
constructs from the theory of planned behavior.

Results: The study sample (N=33) included adults aged between 19 and 28 years. Paired t test analysis revealed that participants
believed a conventional bike was more likely than an e-bike to benefit their physical health (P=.002) and save them money
(P=.005), while an e-bike was perceived to be more likely than a conventional bike to save them time (P<.001). Paired t test
analysis revealed participants significantly agreed more with the statement that they could ride an e-bike most days (P=.006)
compared with a conventional bike. After participants traveled approximately 10 miles on each type of bicycle, participants
mean average heart rate while riding the e-bike was 6.21 beats per minute lower than when riding the conventional bike (P=.04),
but both were significantly higher than resting heart rate (P<.001).

Conclusions: This pilot study suggests that e-bikes are an active form of transportation capable of providing much of the
cardiovascular health benefits obtained during conventional bike use. E-bikes may help reduce some of the obstaclesto conventional
bike use, such asincreased transportation time, decreased convenience, and physical fatigue.

(JMIR Public Health Surveill 2018;4(4):€10461) doi:10.2196/10461
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Introduction

Background

Physical inactivity has been identified as a contributing factor
to obesity, which is currently aleading public health issue in
devel oped nations[ 1-3]. Health authorities have promoted active
transportation as one possible response to addressing this
epidemic [4]. Active transportation includes transportation
activitiesthat are human-powered, such asbiking to work. This
is distinct from many intentional exercise or fitness activities
in that the purpose of active transport is primarily to get from
one location to another. Substantial research in the fields of
transportation, health, and psychology has helped to identify a
variety of factors associated with engaging in active transport
behaviors, including featuresin the built environment [5,6], age
and gender [7], and attitudes and beliefsin aculture[8]. Though
active transportation may be apromising approach to addressing
obesity, it is not without its barriers. Active transportation can
be made difficult because of barriers such aslack of safewalking
and cycling paths, long commuting distance, limited current
fitness level, lack of time, and inclement weather [7]. These
barriers may be divided thematically into 2 classes: personal
factors (eg, too much effort to ride a bike or a desire to wear
norma clothes without getting to work sweaty) and
environmental factors (eg, dangerousroad or traffic conditions)
[9]. As these barriers limit consistent and sustainable active
transportation, innovative methods of active transportation that
help to reduce or even eliminate such barriers are of interest to
public health professionals.

In recent years, e-bikes have emerged, presenting a potential
opportunity to encourage active transportation while reducing
personal barriers to active transportation [10-12]. E-bikes
operate through asmall electric motor that acts asapedal-assist,
only providing assistance when therider pedals. Because of this
feature, the rider can theoretically still obtain at least a portion
of the physical activity benefits of conventional cycling while
reducing some of thetraditional personal barriersto commuting
with a conventional bicycle. Commuters may not want to exert
the effort required to ride a conventional bicycle, may need to
travel alonger distance, or may desire to wear normal clothing
without arriving to their destination sweaty. In addition,
individuals may have limited time or may not have the stamina
to make the trip with a conventional bicycle. In each of these
cases, the added assistance of the pedal-assist electric motor in
e-bikes may reduce these barrierswhile still providing aportion
of the health benefits associated with conventional cycling
[12,13].

E-bikes also have the added benefit of being environmentally
friendly, as they do not produce carbon emissions or noise
pollution akin to their motorized vehicle counterparts [14,15].
In addition, they are not like motorcycles or other motorized
scootersin that they can generally be ridden on bike paths and
inbikelanes. If adopted widely enough, e-bikes could, therefore,
reduce congestion in traffic as well as car parks, as they can
also be parked with traditional bicycles.

On account of the relatively recent introduction of e-bikes, the
current literature surrounding e-bikes is somewhat limited. To
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date, the majority of e-bike studies have focused on issues
concerning safety [16-26]. Some research, however, has been
focused on the potential physical health benefits of e-bikes and
their potential to reduce personal barriersto traditional cycling.
For example, results from a Web-based survey demonstrated
that those using an e-bike to ride to work report an ability to
ride greater distances while perspiring less, suggesting that
e-bikes may reduce some of the personal barriers of traditional
cycling [27]. Being able to ride greater distances was aso
confirmed in another Web-based survey of e-bike users [28].
A review of e-bike literature supports the idea that e-bikes are
related to beneficial physical activity but that they also may be
more dangerous than atraditional bike[29].

One study also suggested that e-bikes may have an added benefit
of promoting health among individuals otherwise reluctant to
engagein physical activity [30,31]. Previous e-bike studieswith
such populations (older individuals, obese or overweight
individuals, and those who may be impacted by physical injury
or impairment) have largely focused only on safety [32,33],
though one study has examined e-bike use among untrained,
overweight individuals [13].

Heart rate and energy expenditureislikely lower with an e-bike
compared with what would be observed with a conventional
bicycle, and this has been confirmed in 2 small studies, with
sample sizes of 18 and 12 [34,35]. Another study of 8
individuals suggests that e-bike use results in lower oxygen
consumption and exercise intensity but that moderate physical
activity is still achieved [10]. Similarly, a study of 10 trained
and 10 untrained individual s reveal ed that though power output,
exercise intensity, and energy expenditure were lower with
assistance from the electric motor, the exercise intensity was
sufficiently high to achieve the standards for moderate-intensity
health-enhancing physical activity [12]. Recent studies also
suggest that e-bike commuting may improve metabolic fitness
such as glucose tolerance [36] and that riders experience lower
levels of perceived exertion and higher levels of enjoyment
[31].

Degspite these findings, there is limited research in the current
literature regarding the attitudes, beliefs, and perceptions of
e-bikes and their potential health benefits compared with those
of conventional bikes. For this reason, an assessment of the
attitudes and beliefs toward their use is needed, as even if
beneficial for health reasons, it remains unclear if individuals
would adopt thistechnology or perceiveit to be of limited value.

Objective

The purpose of this pilot study was to compare e-bikes with
conventional bicycles. More specifically, this study sought to
answer 2 research questions. (1) what proportion of the health
benefits are retained when using an e-bike as compared with
using a conventional bicycle? and (2) what are the attitudes and
beliefs toward e-bikes after riding one and how do those
comparewith attitudes and beliefstoward conventional bicycles?
In particular, this study aimed to understand attitudes and beliefs
regarding personal factorsthat may prevent active transportation
events.
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Methods

Participants

A total of 33 participants were recruited to this pilot study
through announcementsin undergraduate public health courses
at alarge private university in the state of Utah in the United
States. Cyclingin thisareaisrelatively common, with the modal
share for biking to work in Utah being 0.8% in 2014, making
it the 11th-highest in the country [37]. Eligibility was limited
to individuals between the ages of 18 and 65 years. Exclusion
criteriaincluded the inability to complete a survey in English,
the inability to ride a bicycle at moderate to vigorous intensity
for 10 miles (approximately 16 km), or a medical condition
preventing moderate exercise.

Procedures

The institutional review board at Brigham Young University
approved this study. Individuals desiring to participate first
completed an informed consent form and then received an email
link to a baseline survey with items relating to demographics,
physical activity level, cycling history, aswell as attitudes and
beliefs about biking. Participants were then assigned aday and
time to meet at a bike-park stall in the university campus. At
the stall, participants were provided a heart rate monitor and
global positioning system (GPS) device, abicycle helmet, and
a conventional bicycle. Participants were given instructions
related to bicycle safety and bike path etiquette. They werealso
provided with a healthy snack and water bottle to ensure they
had energy and water. Participants kept the water bottle.
Participants were shown a map of the regional dedicated bike
path and received detailed directions for the intended 10-mile
path of travel. The bike path was generaly flat, and elevation
change during theride was relatively minimal . Participantswere
then instructed to ride the prescribed bike path route at a
comfortable speed. After completing thefirst ride, participants
were emailed a link to a second survey with items relating to
their experience, attitudes, and beliefs of riding the conventional
bicycle on the study route. On a second day, participants
returned to the same location to ride the study route again—this
time using an e-bike. Rides were separated by an average of 6
days. Participants were again provided a heart rate monitor,
GPSdevice, bicycle helmet, basic instructionsrelated to bicycle
safety and bike path etiquette, and a refresher on bike path
directions for the same study route. In addition, participants
were given instructions for the safe riding and operation of an
e-bike. After completing the second ride, participants were
emailed another link to the survey designed to measure their
experience, attitudes, and beliefs of riding the e-bike on the
study route. Participants completed rides between November
2016 and June 2017, with the majority taking placein April and

May.

Instruments and M easurements

Both conventional bicycles and e-bikes were used in this study
to establish a comparison between participant’s energy
expenditure while riding the study route. The conventional bikes

were recreational mountain bikes equipped with 21 speeds, disc
braking systems, and adjustable seat heights. The e-bikes were
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Specialized Turbo 2016 models equipped with 9-speeds, front
suspension, disc braking systems, and adjustable seat heights.

Applebrand smart watches were used to track each participant’s
heart rate, distance, speed, and time while riding both the
conventional bicycle and the e-bike. A comparison of
participants’ heart rate was used as a proxy measureto estimate
health benefits retained during e-bike use compared with
conventional bike use. Specifically, estimated maximum heart
rate (MHR) was calculated by subtracting the mean age of the
study group from 220. The estimated MHR was then used to
establish atarget average heart rate range for moderate-intensity
physical activity. This range was cal culated based on the target
heart rate recommendations from the Centers for Disease
Control and Prevention for moderate-intensity physical activity
[38]. The free version of Strava, a mobile app using GPS
technology availableviathe App Storefor iOS and Apple Watch
platforms, was used to measure speed and distance. During the
e-bike rides, 2 participants experienced technical difficulties
with the e-bikes in which the batteries were not functioning
properly and, therefore, not providing assistance for the full
duration of the ride. Because of this, the time, speed, distance,
and heart rate measurements for these 2 participants were
excluded from analysis. In addition, the heart rate measurement
function of the Apple watches did not work properly for 2
participants, and their heart rate measurements were therefore
excluded from analysis.

A total of 3 survey instruments, developed using the Web-based
survey software provided by Qualtrics, were used in this study.
Survey l1—administered before riding either of the
bicycles—was used to gather basic demographic information
(eg, age, ethnicity, education, income), typical personal
transportation methods (eg, bus or train, car, bicycle), cycling
history and experience data (eg, whether or not the participant
owns a hicycle or e-bike), and information about general
attitudes and beliefs regarding bicycles (eg, obstaclesto riding
abicycle, socia stigma). The information about attitudes and
beliefs gathered in survey 1 was used to inform the devel opment
of questionsin survey 2 and survey 3. Survey 2—administered
after completing the ride on the conventional bike—assessed
agreement with prosocial benefits of bicycle use using a5-point
Likert scale (eg, health, environment, saving time or money),
socia support for using cycling as a method of transportation
(eg, feeling embarrassed to use a bicycle for transportation
purposes), and the likelihood of using a bike under adverse
conditions (eg, cold, rain, darkness, fatigue, hilly terrain, and
S0 on). Survey 3—administered after completing the ride on
the e-bike—was used to collect the same information as survey
2, but all the items reflected the participants experience,
attitudes, and beliefs related to riding an e-bike. The questions
in survey 2 and survey 3 were identical except for the fact that
survey 2 asked the questionsin relation to conventional bicycles,
while survey 3 asked the questions in relation to e-bikes. The
surveyswere al so subjected to standard face and content validity
assessments.

The theory of planned behavior (TPB) was used as a basis for
the development of the surveys [39,40]. Within the TPB, a
subjective normisan individual’s perception of social normative
pressures or relevant others' beliefs that an individual should
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or should not perform a particular behavior. In the case of
biking, subjective norms could include perceived pressures to
ride or not ride a bicycle (or e-bike). Attitudes reflect an
individual’s perception or belief regarding the extent to which,
for example, riding a bike will be a benefit (behavioral belief)
and, secondarily, the extent to which the individual desiresthe
outcome (outcome evaluation). Finally, the perceived behavioral
control construct represents an individual’'s assessment of his
or her own ability to ride a bike (or e-bike) in the context of
potential external barriers (eg, bad weather). These constructs
provided aframework for the development of all study surveys.

Analysis

All statistical analyses were performed using SAS version 9.4
(SAS Ingtitute Inc). Descriptive statistics were used to
summarize demographic data from survey 1. Paired t test
statistics were calculated to compare beliefs of conventional

Table 1. Demographics of participants (N=33).

Hoj et a

bicycles and e-bikes as well asto compare mean heart rate and
speed between conventional bicycle and e-bike use. Heart rates
from each ride were also compared against the resting heart
rate. A separate set of paired t test statistics of heart rate data
stratified by gender was a so conducted.

Results

Demogr aphics

The majority of the participants were aged between 20 and 24
years, with the average age being 22 years. Most identified
themselves as non-Hispanic whites. Most participants had
completed college, but had not graduated, and approximately
three-quarters of the study sample reported an annual income
of less than US $30,000. Complete demographic information
can befound in Table 1.

Demographics n (%)
Age (years)

18-19 3(9)

20-24 27(82)

25-34 3(9)
Race

Asian 2(6)

White 31(94)
Ethnicity

Not Hispanic or Latino 33(100)
Gender

Male 20 (61)

Female 13 (36)
Education level

High school or GED? 1(3)

Some college (not graduated) 27 (82)

2-year college degree 2(6)

4-year college degree 3(9)
Annual household income®

Less than 30,000 24.(73)

40,000-49,999 13

60,000-69,999 1(3)

70,000-79,999 13

100,000 or more 6 (18)

8GED: General Educational Development.
bAIll values arein 2017 US $.

http://publichealth.jmir.org/2018/4/e10461/

RenderX

IMIR Public Health Surveill 2018 | vol. 4 | iss. 4 |e10461 | p.66
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Table 2. Transportation methods (N=33).
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Transportation methods n (%)
Participants own the following
Bike 20 (61)
E-bike 0(0)
Car or truck 24.(73)
Motorcycle or motor scooter 1(3)
What isyour most frequent method of transportation?
Walk 12 (36)
Bicycle 5(15)
Drive 15 (46)
Public transportation 1(3)
How do you usually get to and from the following locations?
School
walk 19 (58)
Bicycle 8(24)
Public transportation 0(0)
Drive 6 (18)
Social engagements (parties, religious events, concerts, sporting events)
Walk 6 (18)
Bicycle 2(6
Public transportation 1(3)
Drive 23 (70)
Other 13
Work
Walk 11(33)
Bicycle 4(12)
Public transportation 0(0)
Drive 17 (52)
Other 13
Stores or shops
Walk 13
Bicycle 4(12)
Public transportation 0(0)
Drive 27 (82)
Other 13
What obstacles are the most challenging in using bicyclesfor transportation purposes (select all that apply)?
Safety concerns 10 (30)
Lack of dedicated bike paths 10 (30)
Decreased convenience 12 (36)
Time 13 (39)
Physical exertion 4(12)
Inclement weather 14 (42)
Cost 6 (18)
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Perceived negativity associated with biking 1(3)
Other (open-ended)
Lack of bike racks at destination 1(3)
Time of day and darkness or cold 1(3)
Do you consider using a bicycle for transportation to be viewed negatively among your peers?
Definitely not 17 (52)
Probably not 11 (33)
Might or might not 4(12)
Probably yes 1(3)
Definitely yes 0(0)
What benefits do you seein using bicycles for transportation? (open-ended)
Cheaper 15 (45)
Environmentally friendly 12 (36)
Exercise 23(70)
Fun 5(15)
Faster than walking 5(15)
Can get exercise and transport at same time 4(12)
No time spent looking for parking 3(9)

Transportation Methods

Responsesto survey itemsabout transportation methods revesl ed
that 61% (20/33) of individuals owned a bicycle, while 73%
(24/33) owned a car or truck and no participants owned an
e-bike. Participants reported using a car or truck for
transportation for an average of 17 days (median: 20 days) in a
normal month and using abike an average of 8.52 days (median:
1 day). Driving a standard motorized vehicle and walking were
the 2 most frequent methods of transportation among study
participants. Only 15% (5/33) of individuals reported biking as
their most frequent method of transportation, but approximately
one-third (12/33) indicated they rode abike 2 or moretimes per
week. A total of 7 participantsindicated that they had previously
ridden an e-bike. The mgjority of participants either walked or
biked to school (university); however, most participants reported
driving to social engagements, work, and stores or shops. When
asked about which obstacles prevented riding a bicycle, 42%
(14/33) identified inclement weather, followed by time,
decreased convenience, lack of dedicated bike paths, and safety
concerns. Finaly, when asked about the perceived benefits
associated with using abicycle for transportation, 70% (23/33)
of respondents cited exercise. Complete information on
transportation methods can be found in Table 2.

Attitudes

Participants generally felt that using conventional bicycles and
e-bikesfor transportation purposeswould help the environment,
benefit their physical health, benefit their mental or emotional
health, and save them money (Table 3). Paired t test analysis
revealed that participants believed that a conventional bicycle

http://publichealth.jmir.org/2018/4/e10461/

was more likely than an e-bike to benefit their physical health
(P=.002) and save them money (P=.005). Conversely,
participants believed that the e-bike was more likely than a
conventional bicycle to save them time (P<.001).

Participants also generally felt that improving the environment,
improving their physical health, improving their mental or
emotional hedth, saving money, and saving time were
“extremely good” (Table 4). Paired t test analysis showed that
thesefeelings did not change from the conventional bicycleride
to e-bike ride (all P values >.05). Note that a few participants
elected not to respond to these questions, as indicated in the
table.

Subjective Norms

When asked about the subjective norms related to riding a
conventional bicycle or an e-bike for transportation purposes,
participants generally agreed that their parents, friends, people
who care about them, and people they look up to are supportive
of them (Table 5). Paired t test analysis indicated that these
feelings did not change when comparing the conventional
bicycle with the e-bike (all P values >.05).

Perceived Behavioral Control

Paired t test analysis revealed that compared with their views
after riding the conventional bicycle, participants significantly
agreed more with the statements that they could ride an e-bike
on most days (P=.006), in the cold (P<.001), when they are
tired (P=.007), when they aredressed informal attire (P<.001),
when carrying persona effects (backpack, groceries, books,
etc; P=.03), onlonger trips (P=.006), and on steep or hilly terrain
(P<.001).
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Table 3. Behavioral beliefs (N=33).

Descriptive statistics, mean (SD) Paired t test: bike versus e-bike

Behaviora belief?

Bike E-bike Mean difference P value
Complete the following statement: Riding a bike or an e-bike for transportation purposes would...
Help the environment 1.48 (0.67) 1.39 (0.56) 0.09 .52
Benefit my physical health 1.09 (0.29) 1.58(0.79) -0.48 .002
Benefit my mental or emotiona health 1.33(0.54) 1.42 (0.56) -0.09 41
Save me money 1.42 (0.66) 1.94(0.93) -0.52 .005
Save metime 3.18(1.10) 2.12(1.02) 1.06 <.001

&/ariableswere coded using thefollowing logic: 1=extremely likely, 2=somewhat likely, 3=neither likely nor unlikely, 4=somewhat unlikely, 5=extremely
unlikely.

Table 4. Outcome evaluations (N=33).

Descriptive statistics, mean (SD) Paired t test: bike versus e-bike

Outcome evaluation?

Bike E-bike Mean difference P vaue
Please note your feelingstoward the following statements:
Improving the environment is... 1.27 (0.52) 1.23 (0_43)b oP >.99°
Improving my physical hedlthis... 1.03 (0.18)° 1.03 (0.18)° o >.99¢
Improving my mental or emotional headlthis... 1.00(0) 107 (0'25)d —o0.07" 16
Saving money is... 1.09 (0.29) 1.09 (0.30)° o° >09°
Saving timeis... 1.21 (0.48) 1.19 (0.40)° 0.03° 57¢

3/ariables were coded using the following logic: 1=extremely good, 2=somewhat good, 3=neither good nor bad, 4=somewhat bad, 5=extremely bad.
Bn=31.
‘n=32.
9n=30.

Table 5. Subjective norms (N=33).

Subjective norms?

Descriptive statistics, mean (SD)

Paired t test: bike versus e-bike

Bike E-bike Mean difference P value

Please note your feelingstoward the following statements:

My parents are supportive of meriding abikeor ane- 1.06 (0.24) 1.12(0.33) -0.06 .16

bike for transportation purposes

My friends are supportive of meriding abikeor ane- 1.21 (0.42) 1.12 (0.33) 0.09 .08

bike for transportation purposes

Peoplewho care about me are supportive of meriding 1.09 (0.29) 1.09 (0.29) 0 >.99

ahbike or an e-bike for transportation purposes

People | look up to are supportive of meriding abike 1.09 (0.29) 1.18(0.39) -0.09 .08

or an e-bike for transportation purposes

3/ariables were coded using the following logic: 1=true, 2=false.
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Table 6. Perceived behaviora control (N=33).
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Perceived behavioral control®

Descriptive statistics, mean (SD)

Paired t test: bike versus e-bike

Bike E-bike Mean difference P value
| believethat | can ride a bike or an e-bike for transportation purposes...
Most days 1.97 (0.89) 155 (0.71) 0.42 .006
Inthecold 3.15(1.25) 2.52 (1.25) 0.64 <.001
In the heat 1.94 (0.93) 1.73 (0.94) 0.21 15
Intherain 3.3(1.38) 3.09 (1.26) 0.21 27
In the snow 415 (1.12) 4(1.15) 0.15 30
In the daylight 1.21 (0.48) 1.09 (0.29) 0.12 .10
In the dark or at night 2.52 (1.33) 2.15(1.23) 0.36 .08
When | am tired 2.39(1.12) 1.88(0.93) 0.52 .007
When | am dressed in casual attire 1.3(0.59) 1.21(0.42) 0.09 37
When | am dressed in formal attire 345 (1.3) 2.7 (1.26) 0.76 <.001
When traffic is heavy 2.42(1.17) 2.18(1.18) 0.24 19
When traffic is light 1.42 (0.9) 1.24 (0.61) 0.18 .08
When there is a dedicated bike lane 1.27 (0.45) 1.18(0.39) 0.09 .26
When there is a dedicated bike path 1.15(0.36) 1.09 (0.29) 0.06 .32
When | am rushed or in ahurry 2.85(1.39) 2.33(1.34) 0.52 .05
When | am with a group of friends 3.24 (1.37) 2.82 (1.47) 0.42 .06
When carrying persona effects (backpack, groceries, 2.97 (1.38) 2.48(1.28) 0.48 .03
books, etc)
On shorter trips (<1 mile) 1.36 (0.90) 1.36 (0.70) 0 >.99
On longer trips (>1 mile) 212 (1.11) 1.61 (1.06) 0.52 .006
On flat terrain 1.09 (0.29) 1.12(0.33) -0.03 57
On steep or hilly terrain 242 (1.15) 1.64 (0.93) 0.79 <.001

3/ariables were coded using the following logic: 1=strongly agree, 2=somewhat agree, 3=neither agree nor disagree, 4=somewhat disagree, 5=strongly

disagree.

Distance, Time, Speed, and Heart Rate Metrics

Participants traveled approximately 10 miles (approximately
16 km) whilefollowing the dedicated path. Paired t test analysis
(Table 7) revealed participants completed the course on an
average of 14 min and 34 sfaster when using e-bikes as opposed
to conventional bicycles (P<.001). The mean average speed of
travel on the e-bike was faster than on the conventional bicycle
(P<.001), as was the mean maximum speed of travel on the
e-bike (P<.001). Participants’ mean average heart rate during
the e-bike ride waslower than that during the conventional bike
ride (P=.04; see Figure 1). The average heart rate above resting
during the e-bike ride was 51.76 beats per minute (bpm), which
is 89% (51.76/57.97) of the average heart rate above resting
during the conventiona bike ride. When looking at the mean
heart rate by gender, the trends were similar in direction and
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magnitude. In paired t test analyses, the mean average heart rate
for males and females during the e-bike ride was lower than
that during the conventional bike ride; however, these findings
were not statistically significant (P=.11 and P=.24, respectively).
The mean MHR of participants during the rides was higher
while on the conventional bicycle compared with the e-bike,
but this difference was not statistically significant (P=.26). The
mean average heart rate during both the conventional bike ride
and the e-bike ride was faster than the mean resting heart rate.
Both were also significantly higher than the resting heart rate
(P<.001). With amean age of 22 years, participants estimated
MHR was 198 bpm (this was calculated using the formula
220-age as described in the Methods). Thetarget average heart
rate range for moderate-intensity exercise (50%-70% of MHR)
was then calculated to be 99 bpm to 138.6 bpm (0.5x198=99;
0.7x198=138.6) [38].
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Table 7. Comparison of distance, time, speed, and heart rate metrics (n=31).

Hoj et a

Metric Descriptive statistics, mean (SD) Paired t test: bike versus e-bike
Bike E-bike Mean difference P value
Ride duration (minutes:seconds) 53:37 (10:55) 39:02 (6:24) 14:34 <.001
Average speed (miles per hour) 12.26 (1.94) 16.37 (2.27) -4.11 <.001
Top speed (miles per hour) 21.86 (3.96) 27.02 (2.44) -5.15 <.001
Average heart rate? (bpmP) 138.69 (16.59) 132.48 (14.10) 6.21 04
Maximum heart rate? (bpm) 164.34 (17.74) 160.48 (16.31) 3.86 26
Resting heart rate® (bpm) 80.72 (15.02) N/AC N/A N/A
Resting heart rate versus average heart rate (conventional  N/A N/A -57.97 <.001
bike ride)? (bpm)
Resting heart rate versus average heart rate (e-bike ride)? N/A N/A -51.76 <.001
(bpm)
=29,
bbpm: beats per minute
°N/A: not applicable.
Figure 1. Comparison of heart rate metrics. MHR: maximum heart rate.
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: : rate were measured between conventiona bicycle and e-bike
Discussion et

Principal Findings

The purpose of this study was to compare e-bikes with
conventional bicyclesin answering the following questions: (1)
what proportion of the health benefits are retained when using
an e-bike as compared with using a conventional bicycle? and
(2) what are the attitudes and beliefstoward e-bikes after riding
one and how do those compare with attitudes and beliefstoward
conventional bicycles? While significant differences in heart
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use, results indicate that both equated to significantly higher
heart rates than were recorded at rest. In particular, when using
average heart rate as a proxy for the health benefits of cycling,
e-bike use retained 89% of the cardiovascular health benefits
gained from riding a conventional bike. Furthermore, mean
scores indicate that participants average heart rate was well
within the target heart rate range of 50% to 70% of MHR for
moderate-intensity physical  activity (13248 bpm, or
approximately 67% [132.48/198] of estimated MHR) while
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riding the e-bike [38]. Therefore, e-bike use in this study
retained the majority of the cycling cardiovascular health
benefits and met established biometric thresholds for
cardiovascular fitness. Thisfinding iscomparable with asimilar
finding in another study, in which e-bike users reached a mean
heart rate of 69% and 67% of an estimated MHR in the ECO
(eco support) and POW (power support) of the e-bike models
used [35]. The findings from this study confirm the findingsin
previous studies that e-bikes can satisfy reguirements for
moderate-intensity physical activity [10,12,13,31,34-36]. In
particular, the trends of the mean heart rate measurementswere
comparable with other studies, with the e-bike mean heart rate
being lower than the mean heart rate on a traditional bike or a
bike without electric motor assistance [34,35]. However, mean
heart rate measurements did vary somewhat, which may be
explained by the participants being required to stop and get off
the bike in one study (lower mean heart rates) [35] or the hilly
environment of the other study (higher mean heart rates) [34].

In general, participants' attitudes toward conventional bicycles
differed in several distinct ways as compared with e-bikes. In
relation to physical health benefits and cost-saving measures,
participants favored the conventional bicycle. These findings
are understandable as heart rate results did indeed show that
riding the conventional bicycle required increased physical
exertion, and the retail price of the e-bikes used in this study
was approximately 5 times higher than the retail price of the
conventional  bicycles. However, participants reported
comparatively more favorable attitudes toward e-bike use on
several survey items. First, participants indicated that e-bikes
were more likely to save them time—a belief backed by the
results showing an increase in speed when riding an e-bike.
Next, participantsindicated they were morelikely to ride e-bikes
for everyday usein adverse conditions, including cold weather,
when physically tired, when dressed in formal attire, when
carrying personal effects, on longer trips, and on steep or hilly
terrain. When taken together, these results demonstrate a belief
that e-bikes are easier to ride, similar to thefinding in aprevious
study that e-bikes are more enjoyableto ride and result in lower
levelsof perceived exertion [31]. Therefore, this study supports
theideathat e-bikesmay act asacatalyst in helping individuals
clear some of the personal barriers to active transport cycling.
Additional researchinthisareamay be useful to understand the
causes of these attitudes, including separately analyzing data
from individuals who own bicycles, prefer bicycles as a mode
of transportation, and those who use them frequently.

Limitations

Challenges encountered during the bicycle-riding portion of
this study included technical difficulties with the e-bikes and
the Apple Watches. During the e-bike rides, 2 participants
experienced technical difficulties with the e-bikes in which the
batteries were not functioning properly and, therefore, not
providing assistance for the entire duration of theride. Because
of this, the time, speed, distance, and heart rate measurements
for these 2 participants were excluded from the analysis. These
issues may have also affected the participants’ views of the
bikes functionality. In addition, the heart rate measurement
function of the Apple Watches did not work properly for 2
participants’ and their heart rate measurements were, therefore,
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excluded from the analysis. Also, GPS tracking data gathered
through the Strava app on each Apple Watch are prone to some
error, yielding distance measures that varied slightly between
participants, despiteall participantsriding the sameroute. These
variationswere examined and determined to be random, equally
distributed across both the conventional and e-bike rides, and
impacted measures by lessthan 0.2 miles over the course of the
ride.

One potential bias in this study is a social desirability bias.
Social desirability bias drives an individual to answer in away
that makes them look more favorable to the experimenter or to
society. Participants may have sensed that researchers wanted
the e-bikesto be viewed more positively and may have answered
accordingly. The surveys were, however, administered online
so the participants could answer questions in private. A future
study could randomly assign some participantsto ridethe e-bike
first, and someto ride the normal bike first, to mix up the order
and perhaps reduce this bias. Recall bias may also have
influenced participants responses, as participants took the
surveys at varying times and may have remembered their
experience differently asaresult of thisvariation. This, however,
is not expected to be a large bias, as participants are likely to
accurately remember such a unique experience.

The survey that collected demographic information asked
participants to report a combined annual household income.
Despite being university students, 6 participants reported
household incomes above US $100,000, likely because they
were still living at home and reported their parents’ incomes.
A future study among university students should ask for a
personal income, as that will likely be of greater interest to
researchers. Finaly, the study population was neither very
diverse nor very large, even for apilot study, making itsfindings
less generalizable to other populations. A future, larger study
should seek out a more diverse population regarding age, race
or ethnicity, and income level. The limited samplefor this pilot
study isnot likely to haveimpacted the biometric estimates, but
it could have had an effect on the measures of attitudes and
beliefs.

Conclusions

This pilot study suggests that e-bikes are an active form of
transportation capable of providing much of the cardiovascular
health benefits obtained during conventional bike use.
Participantsreported that they were more likely to use an e-bike
for everyday transportation than atraditional bike and were till
ableto meet established criteriafor moderate-intensity physical
activity during e-bike use. While still providing an opportunity
for physical activity, these findings suggest that e-bikes may
help reduce several key personal factors known to be obstacles
to conventional bike use, such asincreased transportation time,
decreased convenience, and physical fatigue. These findings
also suggest that public health officials should advocate for the
daily use of e-bikes as a novel means of meeting physical
activity recommendations through active transportation, all
while mitigating the effects of traditional barriers to active
transport cycling. E-bike manufacturers could also frame their
product development and marketing practices in light of these
findings by seeking to devel op more cost-friendly e-bike options
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and by marketing their e-bikes as a means of reaching activity
guidelineswhile avoiding inconveniences of traditional cycling.
E-bike manufacturers could also expand their marketing to
individuals who may be otherwise reluctant to engage in
physical activity, such as older or overweight individuals.

Asthisisapilot study, these results would benefit from being
confirmed in a larger and more representative sample. In
addition, future studies would benefit from including other
energy-expenditure outcome measures, such as human power
output and testsrel ated to oxygen consumption. Future research

Hoj et a

should explore how e-bike use might improve environmental
health indicators by potentially decreasing reliance on standard
motorized vehicles and fossil fuels, decreasing noise and air
pollution, and relieving traffic and parking congestion. Future
studies would benefit from the application of asimilar research
design to populations who may be less inclined to use active
forms of transportation, such as older individuals, obese or
overweight individuals, and those who may be impacted by
physical injury or impairment. In addition, thisstudy could also
be extended to the use of electric pedal-assist mountain bikes,
or eMTBs, on soft-surface and off-road trails.
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Abstract

Background: HIV/AIDSisatremendous public health crisis, with acall for its eradication by 2030. A human rights response
through civil society engagement is critical to support and sustain HIV eradication efforts. However, ongoing civil engagement
isachallenge.

Objective: This study aimed to demonstrate the use of Twitter data to assess public sentiment in support of civil society
engagement.

Methods: Tweets were collected during World AIDS Days 2014 and 2015. A total of 39,940 unique tweets (>10 billion users)
in 2014 and 78,215 unique tweets (>33 billion users) in 2015 were analyzed. Response frequencies were aggregated using natural
language processing. Hierarchical rank-2 nonnegative matrix factorization algorithm generated a hierarchy of tweets into binary
trees. Tweet hierarchy clusters were thematically organized by the Joint United Nations Programme on HIV/AIDS core action
principles and categorized under HIV/AIDS Prevention, Treatment or Care, or Support.

Results: Topicstweeted 35 times or more were visualized. Results show adecreasein 2015 in the frequency of tweets associated
with the fight to end HIV/AIDS, the recognition of women, and to achieve an AIDS-free generation. Moreover, an increase in
tweetswas associated with an integrative approach to the HIVV/AID S response. Hierarchical thematic differencesin 2015 included
no prevention discussion and the recognition of the pandemic’s impact and discrimination. In addition, a decrease was observed
in motivation to fast track the pandemic’s end and combat HIV/AIDS.

Conclusions: The human rights—based response to HIV/AIDS eradication is critical. Findings demonstrate the usefulness of
Twitter as a low-cost method to assess public sentiment for enhanced knowledge, increased hope, and revitalized expectations
for HIV/AIDS eradication.

(JMIR Public Health Surveill 2018;4(4):€10262) doi:10.2196/10262
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Introduction

Background

The United Nations' sustainable development goas (SDGS)
seek aholistic and balanced approach to social, economic, and
environmental aspects of development [1,2]. The SDGs
emphasize the need to advance and compl ete the objectives set
forth by the millennium development goals (MDGs), including
a cal to end the HIV/AIDS pandemic by 2030 [1,3,4]. An
effective response to the pandemic’s end demands critical,
dedicated, and sustained action. However, the SDGs [2] have
a broad health goal that does not recognize HIV/AIDS as a
distinct focus area [1-3]. This is a result of the vertica
prioritization of HIV/AIDS during the 2000 to 2015 MDG
period [4] that reduced the alocation of resources from other
important health issues [1,2,5]. With limited visibility in the
post-2015 agenda and lack of additional resources to scale up
efforts [1,6], achieving the 2030 eradication goal is of great
concern.

The MDGsresulted in the expansion of 15 million peopleliving
with HIV/AIDS (PLWH) on life-saving antiretroviral (ARV)
drugs[1,3,4,7]. Although the need to scale up and sustain these
biomedical solutions is recognized, human rights issues (eg,
stigma, marginalization, and discrimination) still serve as
pervasive barriersto successful adoption of the goal to end new
HIV infections by 2030 [3,8]. However, if HIV/AIDS is not
perceived as an ongoing global health emergency, the necessary
services and resourcesto sustain and expand eradication efforts
will rapidly diminish. Grassroots activism [8-10] and civil
society mobilization [10,11] are critical driving forces for the
advancement of human rightsand play amajor rolein the global
responseto HIV/AIDS[12]. Early inthe pandemic, civil society
organizations understood the limitations of a solely biomedical
focus and need to advance a human rights approach, which
resulted in the global scale-up of accessto ARVs[3,11]. Further
strengthening of the human rights response can support and
sustain eradication efforts. According to the Joint United Nations
Programme on HIV/AIDS (UNAIDS), strong civil society
engagement is critical to the eradication of HIV/AIDS[11,12].
Ongoing human rights—related efforts, which include giving
voices to PLWH and empowering marginalized populations,
are essential for the successful mobilization of treatment and
prevention resources[10]. In fact, the SDGs demand grassroots
activism [4,8,9,11] and call for agreater investment and support
of civil society to achieve the eradication god [1,2,13]. Effective
civil society activism [8,11] must engage advocacy networks,
private and public institutions, and global policy makers to
advance the 2030 campaign [14]. However, the life cycle of
activism[8,9,12] and its ability to sustain influence and engage
citizens is one of the greatest challenges and opportunities to
the eradication of HIV/AIDS. Furthermore, the success of civil
society activism [8,9] liesin exploration of public sentiment to
guide the effective exchange of information for improved
knowledge, increased hope, and revitalized expectations[11,12].

Objective
The utilization of social networking sites (SNSs) for civil society
activism [8,9] isapromising approach to help sustain and drive

http://publichealth.jmir.org/2018/4/€10262/
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HIV/AIDS-related social movements. SNSs, such as Twitter,
have played avital rolein the organization of global movements
[15]. Twitter is a very powerful and popular microblogging
communication tool [16]. Users share information through
280-character messages called tweets. Information is
disseminated through direct messages or the forwarding
(retweeting) of messages for broad propagation [15,17]. In the
field of infodemiology and digital surveillance (infoveillance),
Twitter iseffectively used to predict disease outbreaks, including
the flu and HIV, and has informed a variety of public health
efforts[18-20]. Public sentiment, expressed in tweets, provides
a weath of information to be used by public health
professionals, politicians, governmental entities, activists, and
computer scientists; to engage in purposeful discussions; and
to play activeroleson avariety of topics[11,16,17]. Moreover,
Twitter has the capability to identify health beliefs and to
support interventions and health campaigns for improved
motivation and behavior. Twitter is also used effectively to
assess and address health information needs during disease
outbreaks, such as Ebola [15,17,21,22]. With more than 645
million registered users and the distribution of more than 58
million tweets daily, Twitter is areliable source to track public
sentiment and guide discussions for effective health awareness
campaigns[14,17,21]. Public motivation is essential to sustain
the global HIV/AIDS response and to achieve our global
eradication goals. This study aimed to demonstrate the use of
Twitter to explore HIV/AIDS public sentiment at 2 separate
time points [15] to help guide social movements in support of
HIV/AIDS eradication efforts, which are guided by UNAIDS
core action principles of acomprehensive HIV/AIDS response
[23] and commitments necessary to reach the 2030 goal of HIV
prevention, treatment, care, and support. World AIDS Day, held
on first of December every year, provides an ideal opportunity
to assess public sentiment as peopl e unite worldwide to support
PLWH, to honor thoselost, and to combat HIV/AIDS[24]. Our
study provides a unique and in-depth analysis of World AIDS
Day tweetsin 2014 and 2015.

Methods

Tweet Corpus

During the World AIDS Days of December 1, 2014, and
December 1, 2015, tweets about HIV/AIDS were collected from
Twitter via a Google Chrome-based version of NCapture, a
Web crawler that captures internet-based text [25]. The
streaming application programming interface allowed for the
capture of alimited sample of all tweets (eg, 18,000 tweets per
15 min) [25]. To overcome the challenges of time and amount
limits, tweets were collected in 15-min intervals for a
representative sample [25]. Keywords were used for searching
tweets that mentioned HIV/AIDS (eg, #HIVtreatment,
#HIVservices, #HIVprogramming, and #HIVprevention).
Additional data elements collected were time stamps, content,
and geographical locations from IP addresses, usernames,
message type (unique or retweet), and followers (number of
disseminated) [25]. English language tweets were included in
the analysis, with 39,940 unique tweets (10,027,038, 772 users)
in 2014 and 78,215 unique tweets (33,370,938,359 users) in
2015.
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Natural Language Processing

Natural language processing was conducted to identify and
depict topics of collected tweetsabout HIV/AIDS. Tweetswere
cleaned and transformed to a vector form and N-gram [25]. An
N-gram is a subsequence of N itemsin a given sequence from
charactersto words. The N-gram method was used to compute
a tweet term—frequency dictionary [25]. Notepad++v7.2.2
devel oped by Don Ho and Weka 3.7 devel oped by the University
of Waikato in New Zealand both are open source software
reduced the dimensionality for the algorithmic processing of
the data. Snowball stemmers were used to apply the stemming
algorithm, Porter algorithm, an affix-removal approach, which
was applied through Weka [25]. To further remove
dimensionality, stemming was conducted to identify a word
root and to remove suffixes and prefixes. Tweet topics were
detected and summarized through descriptive statistics (eg,
frequency, defined as the aggregate number of times atopicis
tweeted), classification, visualization, and clustering.

Hierarchical Rank-2 Nonnegative M atrix Factorization
Algorithm and Rank-2 Nonnegative M atrix
Factorization

Clustering, the process of grouping a set of words into classes
of similar topics, was conducted [26]. Hierarchical rank-2
nonnegative matrix factorization (HierNMF2) was used to
determine the semantic organization of tweeted words[26,27].
Datawere analyzed with the Python 2.7 software by the Python
Software Foundation and were treated independently and
analyzed separately by years. Tweet topic clusters were
generated by HierNMF2 and visualized into tree nodesfor 2014
and 2015 data to illustrate the topic structure. The HierNMF2
used for clustering generated a hierarchy of tweet themesinto
binary trees [26]. The hierarchy is automatically detected but
does not always result in a balanced tree (Figure 1). A

Odlumet d

node-splitting rule was also employed to determine tree nodes
to split from the original binary nodes. Thismethodology allows
for the determination of tree structures. Datafor each time point
(2014 and 2015) were split into 2 clusters, creating abinary tree
[26]. Rank-2 nonnegative matrix factorization (NMF) was
applied to generate the hierarchical tree structure. Each cluster
created nonleaf nodes (nln). A scorewas computed for each nin
using rank-2 NMF [26,27]. The nin with the highest scoreswere
then split into leaf nodes (In) of 2 or more well-separated topics.
Specific details of a gorithm development have been previously
published by a coauthor (DK) [26,27].

Thematic Analysis

A coding framework was used to interpret and explore the data
and to identify perceptions of the HIV/AIDS pandemic. Tweet
hierarchy raw data clusters were characterized based on words
in each cluster of nln and In by subject matter experts (MO and
RB; Figure 1). Hierarchical cluster analysisoccurred iteratively,
based on cluster content (eg, cluster words. “fight, today,
support, cure, love’; associated theme: Combat HIV/AIDS).
Major themeswere refined through review and discussion, with
our experts (MO and RB), to shape the final coding structure.
Themes were organized based on UNAIDS core action
principles (eg, theme: Combat HIV/AIDS; principle: Safeguard
Human Rights) for guiding a comprehensive response to
HIV/AIDS (Table 1). Themes were then categorized according
to the commitments necessary to reach the SDG’s 2030 goal
[4]: Prevention, Treatment or Care, and Support (eg, theme:
Combat HIV/AIDS; principle: Safeguard Human Rights;
commitment area: Support).

Ethics committee approval was not required for Twitter analysis
because tweets are dei dentified with no identifiable information
obtained.

Figure 1. Anillustration of a nonleaf node N (Blue) and its 2 potential children split L (left) and R (right) in red into leaf nodes (primary analysis

phase).
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Table 1. Thematic analysis of 2014 and 2015 World AIDS Day tweet hierarchy.

Odlumet d

Hierarchy—degree Themes
levelsin hierarchy

World AIDS Day 2014

World AIDS Day 2015

2014 2015 Comprehensive Global Response to HIV/AIDS Representative example tweets
UNAIDS? Core Actions Prevention, Treatment or Care,
and Support
1 2 Prevention DecreaseVulnerabil-  Informational Resourcesfrom  infographics, AIDS.gov  white house, AIDS.gov
ity of Acquiring Governmental Organizations
HIV/AIDS
4 5 Prevention DecreaseVulnerabil-  Halt Infections accessible, affordable, epidemic, averted
ity of Acquiring vaccine partnerships
HIV/AIDS
5 4 Prevention DecreaseVulnerabil-  AIDS-Free Generation Close the gap aids free gen, children
ity of Acquiring
HIV/AIDS
4 — Prevention DecreaseVulnerabil-  Prevent HIV/AIDS aids prevention, HIV facts —
ity of Acquiring
HIV/AIDS
5 3 Treatment or Accessto Services  Treatment for HIV/AIDS Access, children, pregnant treat, people
Care women services, closing
the gap
4 1 Treatment or Accessto Services  Savel.ives: Infectedand At Risk cure treatment for all
Care
— 3 Treatment or Accessto Services  Impact of theHIV/AIDSPandem- — millions, lives-end, chil-
Care ic dren, can avert, infec-
tions-save, world
1 1 Treatment or Expand Programs  Efforts for Targeted HIV/AIDS  facts, wipe homophobia,  save, join, treatment for
Care Eradication today all
3 6 Treatment or Expand Programs ~ Fast Track the End of the Pan-  today, end, epidemic unaids, fast track, treat-
Care demic ment, response, assessing
4 2 Support Safeguard human Spread HIV/AIDS awareness cure, love, sending, sup-  awareness, spread, end
rights port, fight, amfar” aids
5 3 Support Safeguard human Recognition of the Pandemic unaware, United States, Aware, disease
rights hiv
4 1 Support Safeguard human Honor People Living with honor, memory, continu-  living, people, positive,
rights HIV/AIDS (PLWH) ing, logt, affected statement
4 2 Support Safeguard human Expressonof HIV/AIDS Solidar-  wear, ribbon, closethegap  tee shirt ribbon
rights ity and Consciousness
2 5 Support Safeguard human Combat HIV/AIDS fight, today, support, cure, fight, helping
rights love
3 2 Support Safeguard human Support PLWH sending, support, fight, support, living, and peo-
rights cure ple
4 2 Support Partnershipsand Al-  Commitment to End the Pandem-  renew, vow, longer statements, discrimina-
liances ic tion, make
2 5 Support Partnershipsand Al-  Celebrities or Industries mac® cosmeticsvivaglam, Kasper, rappers, Victoria
liances mac aids Fund Beckham
2 2 Support Eliminate Stigma Reduce Stigma Lgbtd, facts stigma, end
and Discrimination
— 3 Support Eliminate Stigma Discrimination of PLWH — discrimination, living,

and Discrimination

people

3UNAIDS: Joint United Nations Programme on HIV/AIDS.

bamfAR: American Foundation of AIDS Research.

‘MAC: M ake-up Art Cosmetics.

4LGBT: lesbian, gay, bisexual, and transgender.
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Results

Response Freguencies

The geographic spread of HIV/AIDS-related tweets on World
AIDS Days 2014 and 2015 spanned the globe (Figure 2). Top
disseminators were United Nations agencies followed by
celebrities, including singers, models, actors, and US
governmental organizations and political figures.

Topics tweeted 35 times or more were aggregated. Response
frequencies were generated and compared for increased and
decreased frequency between 2014 and 2015. Results show
increased frequency in tweets associated with an integrative
approach to HIV prevention, treatment, and care (eg,
community). An increase was aso observed in the frequency
of tweets associated with the recognition of barriers to
HIV/AIDS eradication (eg, stigma). A moderate decline was
observed in tweets associated with ending the epidemic (eg,
fast track) and the provision or utilization of services (eg,

Odlum et a

access). A significant decrease in tweet frequency associated
with combating the epidemic (eg, fight) was also observed
(Figure 3).

Hierarchical Clusters of Tweets

World AIDS Day 2014 tweetswere clustered into abinary tree:
Informational Resources from Governmental Organizations
versus Efforts for Targeted HIV/AIDS Eradication. The tweet
cluster of Efforts for Targeted HIV/AIDS Eradication led to 2
nin. First, Reduce Stigma (nin) followed in order of descent by
(1) Fast Track the End of the Pandemic (nIn), (2) Expression
of HIV/AIDS Solidarity and Consciousness (nin), (3) AIDS-Free
Generation (In), (4) Treatment for HIV/AIDS (nin), and (5)
Recognition of the Pandemic (In). Second, Combat HIV/AIDS
(nin) followed in order of descent by (1) Celebritiesor Industries
(In), (2) Support PLWH (nln), (3) Honor PLWH (nin), (4)
Prevent HIV/AIDS (nIn), (5) Spread HIV/AIDS Awareness
(nIn), (6) Commitment to End the Pandemic (In), and (7) Save
Lives: Infected and At Risk and Halt Infections (In; Figure 4).

Figure2. World AIDS Days 2014 and 2015: geographic location and top disseminators.
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Figure 3. Shiftin HIV/AIDS public sentiment: World AIDS Day tweets from 2014 to 2015.

worldaidsday
ribbon
community
avatar
support
stigma
global

join

aid
tomorrow
black

girl

info
treatment
goal
infection
freegen
achieve
fasttrack
access
learn
generation
work
people
epidemic
free

fight

hiwv

davy

=>
=
=>
=>
=
=>
=
=
=
=
=>
=
=
=
=
=
3
<3
L

a

Figure4. World AIDS Day 2014 tweet hierarchy.
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Figure5. World AIDS Day 2015 tweet hierarchy.
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World AIDS Day 2015 tweetswere clustered into abinary tree:  Support

Efforts for Targeted AIDS Eradication versus Honor PLWH.
Thetweet cluster of Effortsfor Targeted HIVV/AIDSEradication
followed in order of descent by (1) Save Lives: Infected and At
Risk (In), (2) Spread HIV/AIDS Awareness (nin), and (3)
Informational Resources from Governmental Organizations
(In). The tweet cluster of Honor PLWH followed in order of
descent by (1) Expression of HIV/AIDS Solidarity (nIn), (2)
Reduce Stigma (In), and (3) Support PLWH (In) versus
Commitment to End the Pandemic (In) followed in order of
descent by (4) Discrimination of PLWH (nin), (5) Recognition
of the Pandemic (In), and (6) Treatment for HIV/AIDS (In)
versus Impact of HIV/AIDS Pandemic (In) followed in order
of descent by (7) AIDS-Free Generation (nin), (8) Halt
Infections (nin), and (9) Fast Track the End of the Pandemic
(nln) versus Combat HIV/AIDS (nin) followed in order of
descent by (10) Celebrities or Industries (In; Figure 5).

Thematic Analysis

Prevention

In Prevention, 1 overarching theme emerged. The theme was
Decrease Vulnerability of Acquiring HIV/AIDS and included
the individual themes of (1) Informational Resources from
Governmental Organizations, (2) Halt Infections, (3) AIDS-Free
Generation, and (4) Prevent HIV/AIDS (2014 only).

Treatment or Care

In Treatment or Care, 2 overarching themes emerged: Access
to Services, including the individual themes of (1) Treatment
for HIV/AIDS (2015 increase), (2) Save Lives: Infected and At
Risk (2015 increase), and (3) Impact of the HIV/AIDS Pandemic
(2015 only), and Expand Programs, including the individual
themes of (1) Efforts for Targeted HIV/AIDS Eradication and
(2) Fast Track the End of the Pandemic (2015 decrease).
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In Support, 3 overarching themes emerged: Safeguard Human
Rights, including theindividual themesof (1) Spread HIV/AIDS
Awareness (2015 increase), (2) Recognition of the Pandemic
(2015 increase), (3) Honor PLWH (2015 increase), (4)
Expression of HIV/AIDS Solidarity and Consciousness (2015
increase), (5) Combat HIV/AIDS (2015 decrease), and (6)
Support PLWH; Partnerships and Alliances, including the
individual themes of: (1) Commitment to End the Pandemic
(2015 increase) and (2) Celebrities or Industries (2015 decrease);
and Eliminate Discrimination and Sigma, including the
individual theses of (1) Reduce Stigmaand (2) Discrimination
of PLWH (2015 only; Table 1).

Discussion

Principal Findings

HIV/AIDSisone of the greatest challengesto sustainable social,
economic, and civil society development and affects all sectors
of our society [1,6,11,28]. Strong civil engagement to drive
social change remainscritical to HIV/AIDS eradication [3,11].
This study demonstrated how the analysis of social media data,
specifically Twitter, could inform purposeful discussions for
effective civil society engagement. Our thematic analysisof the
World AIDS Days 2014 and 2015 Twitter hierarchiesidentified
public sentiment on a variety of human rights— and
biomedi cal-rel ated topics. The majority of themesfell primarily
under Support, followed by Treatment or Care, and then
Prevention. In fact, the theme Prevent HIV/AIDS was present
only in 2014. Prevention words were not present in the 2015
hierarchy. An absence of this theme may reflect treatment as
prevention because of the uptake of pre-exposure prophylaxis.
This may indicate the need for purposeful discussion, as
prevention needs are not only biomedical. Human rights—based
prevention approaches will ensure a more permanent and
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sustainable solution to achieve HIV eradication. Thefuture cost
of daily ARVs in developing countries is not sustainable [7].
Therefore, the revitalization of human rights—based initiatives
is a priority. Early in the pandemic, human rights—based
approaches focused on health equity and worked with
populations living with and affected by HIV to expand ARVs
inthe pipelineto halt the spread of HIV [7,29]. The need exists
for the constant engagement of civil society [7,11,12] in
purposeful discussionsto revitalize prevention campaigns[14].

Under Treatment or Care, the theme of Impact of the Pandemic
was seen only in 2015. The emergence of thistheme may reflect
a heightened awareness or the recognition of the pandemic’s
effects on those infected and affected. The theme of Efforts for
Targeted HIV/AIDS Eradication remained as a primary level
theme in both years. In 2014, tweets discussed the elimination
of homophobia and knowledge about HIV/AIDS. Tweets from
2015 discussed treatment, saving lives, and joining efforts.
Although discrimination was present in 2015, the recognition
of homophobiawas seen only in 2014. Thismay indicate aneed
for purposeful discussion, particularly on the importance of
supporting key populations [30]. The theme of Fast Track End
of the Pandemic decreased 3 levels on the hierarchy in 2015.
In 2014, tweets discussed the end of the pandemic, anindication
of action and words of excitement. In 2015, tweets called for
an assessment of the HIV/AIDS response. With 2015 marking
the end of the MDGs, this may reflect our shortfall of the 2015
goals and the need for improved effort under the SDGs[3].

In 2015, all themes increased on the hierarchy under Support,
except Combat HIV/AIDS which decreased 3 levels. Thistheme
comprises action words necessary to end the pandemic,
including fight and support. The shift may be an indicator of
lost enthusiasm, similarly discussed under Treatment or Care.
It is also important to note the absence of such words based on
our response frequency analysis. Decreases were observed in
tweets associated with efforts to eradication (eg, AIDS-free
generation). This may further reflect the need to re-engage the
public in purposeful discussions and to reinvigorate grassroots
efforts[10]. Thetheme Reduced Sigma remained a second-level
tweet in 2015, with 2014 data acknowledging the leshian, gay,
bisexual, transgender, and queer community and 2015 data
discussing the need to end stigma [8,11,30,31]. Maintaining
this discussion is critical, as key populations are
disproportionately affected by HIVV/AIDS. Key populationsare
criminalized, marginalized, and plagued with stigma [32] and
contribute to HIV risk [8,31]. Essential servicesfor prevention
are often unavailable to these groups [30]. Furthermore,
HIV-associated stigma also contributes to poor HIV treatment
and care access [30]. The theme of Discrimination of PLWH
emerged in 2015. This may potentially reflect the November
2014 UNAIDS Fast-Track Strategy report, with zero
discrimination recognized as the main target to end HIV/AIDS
[3]. However, in the 2015 data on recognition of stigma and
discrimination, tweets were not focused on key population or
high-risk groups|[3,8,30]. Resultsindicate the need for ongoing
discussion on such barriers, as civil society plays a major role
in the support of marginalized populations [11,12,31].

Hierarchical differencesal so revealed absence of tweetsin 2015
mentioning women. Thisis of great concern; issues of gender
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minorities must be addressed or eradication efforts may be
thwarted. Thefocuson key populations does very littleto change
gender inequality [33]. Women are only considered key when
they are pregnant, nursing, or members of other high-risk groups
(eg, sex workers) [3]. This approach, which neglects women
living with HIV and other vulnerable women, failsto transform
norms, beliefs, and perceptions about women'’srights to health
and well-being [33]. In fact, 2014 tweets mentioned women
only in the context of motherhood. Women comprise over 60%
of PLWH globally [33]. The biological and socia factors that
make them most vulnerableto HIV infection must be addressed.
Persistent discussions about women's rights remain critical for
eradication.

Strengthsand Limitations

The generdizability of this study is limited because of the
English-only analysis and the use of 1 SNS (ie, Twitter) [15].
We did not include composed tweets, only those disseminated
through tweeting or retweeting. For a more in-depth analysis
of social mediadata, future studies should explore other SNSs
and analysesin other languages. Twitter's global and pervasive
spread of information can support civil society engagement
[15,22]. With the limitation of our dataset to data collection on
1 day out of each year and data analysis of only 2 consecutive
years, our study lacked the power to assesstrends. Future studies
should include data collection days before and after World AIDS
Day for multiple yearsto apply dynamic topic modeling to the
data to effectively monitor change over time. Due to the
randomness of tweets and potential of specific contents to go
viral, generalizations of missing themes over time may be a
consequence of the nature of Twitter and not actual changesin
perceptions. Nevertheless, Twitter data have the potential to
supplement traditional survey methods and provide tremendous
insight into understanding public beliefs and sentiment.

Conclusions

Our ambitious targets are critical to the pandemic and are
possiblewith the support of technology and social mediaoutlets
such as Twitter [15,16]. Civil society’s human rights—based
approaches and responses can be limited by material resources
[11,12]. The low cost and ubiquitous spread of information
through SNSs can diminish such barriers. The vision of zero
new HIV infections, zero discrimination, and zero AIDS-related
deaths must be transformed into tangible milestones and end
points [1,6], and social media can help support these efforts
[3,16,21,22].

Our study’s demonstration of Twitter utilization to explore
HIV/AIDS public sentiment can guide targeted social movement
campaigns aimed to address grassroots level barriers and
heighten public motivation necessary to drive eradication. We
also demonstrated the feasibility of the use of cost-effective
social networking technologies to identify health-related
communication and the utilization of such platformsto support
improved outcomes. In fact, with the ever-increasing amount
of social media data and the unique and refined analytic
approaches such as ours, HIV/AIDS researchers and global
health professionalswill soon be able to build upon and enhance
their methods, to accurately monitor and support a variety of
HIV-related issues, and outcomes.
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Abstract

Background: Social media have been increasingly adopted by health agencies to disseminate information, interact with the
public, and understand public opinion. Among them, the Centers for Disease Control and Prevention (CDC) is one of the first
US government health agencies to adopt social media during health emergencies and crisis. It had been active on Twitter during
the 2016 Zika epidemic that caused 5168 domestic noncongenital cases in the United States.

Objective:  The aim of this study was to quantify the temporal variabilitiesin CDC's tweeting activities throughout the Zika
epidemic, public engagement defined as retweeting and replying, and Zika case counts. It then compares the patterns of these 3
datasets to identify possible discrepancy among domestic Zika case counts, CDC’s response on Twitter, and public engagement
in thistopic.

Methods: All of the CDC-initiated tweets published in 2016 with corresponding retweets and replies were collected from 67
CDC-associated Twitter accounts. Both univariate and multivariate time series analyses were performed in each quarter of 2016
for domestic Zika case counts, CDC tweeting activities, and public engagement in the CDC-initiated twests.

Results: CDC sent out >84.0% (5130/6104) of its Zika tweets in the first quarter of 2016 when Zika case counts were low in
the 50 US states and territories (only 560/5168, 10.8% cases and 662/38,885, 1.70% cases, respectively). While Zika case counts
increased dramatically in the second and third quarters, CDC efforts on Twitter substantially decreased. The time series of public
engagement in the CDC-initiated tweets generally differed among quarters and from that of original CDC tweets based on
autoregressiveintegrated moving average model results. Both original CDC tweets and public engagement had the highest mutual
information with Zika case counts in the second quarter. Furthermore, public engagement in the original CDC tweets was
substantially correlated with and preceded actual Zika case counts.

Conclusions: Considerable discrepancies existed among CDC's original tweets regarding Zika, public engagement in these
tweets, and actual Zika epidemic. The patterns of these discrepancies also varied between different quartersin 2016. CDC was
much more active in the early warning of Zika, especialy inthefirst quarter of 2016. Public engagement in CDC's original tweets
served as a more prominent predictor of actual Zika epidemic than the number of CDC's original tweets later in the year.

(JMIR Public Health Surveill 2018;4(4):€10827) doi:10.2196/10827
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Centers for Disease Control and Prevention; public engagement; Twitter; time series analysis; Zika epidemic; social media;
twitter; infodemiology; infoveillance
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Introduction

The World Health Organization (WHO) has stated that health
is one of the most fundamental human rights[1]. Socia media
have increasingly become critical venuesfor the public to seek,
share, and discussinformation about health and diseases. Owing
to their low cost, easy access, and broad reach, social media
have also been increasingly adopted by health professionalsand
agencies to enhance public health communication [2]. For
example, social mediahave been utilized to monitor food saf ety
and food-borne pathogen outbreak, such as Escherichia coli
0157 [3,4], to develop Web-based campaigns to quit smoking
in different countries and regions (United States, Canada, and
Hong Kong) with various social media platforms (Facebook,
Twitter, and WhatsApp [5]); promote exercise, fitness, and
healthy lifestyle (WeChat health campaignin China[6]; fitness
campaign in New Orleans, LA [7]); raise public awareness and
engagement regarding air quality and pollution [8]; and
understand and monitor public discussion of controversial topics
such as antimicrobial resistance [9].

Many government agencies and health officials (eg, WHO and
US Centers for Disease Control and Prevention, CDC, as well
as other local health departments) have also been adopting and
utilizing social mediato disseminateinformation, communicate
with the public, and understand public opinions and concerns,
especialy during health emergency and crisis. Europe has
developed a Web-based media and crisis communication
framework for influenza [10]. The WHO and CDC utilized
Twitter and Instagram during the Zikaoutbreak [11]. New York
City monitored Zika, HepatitisA, and Eboladiscussionin social
media and conducted risk communication with the general
public [12].

Evidently, for many infectious disease epidemics, it has been
demonstrated that Web-based discussion in social media can
be an imperative indicator of the actual disease severity and
help health officialls to more accurately evaluate the
time-sensitive epidemic situation when actual case counts are
still being gathered and verified [13-15]. Time series analysis
is a versatile and powerful modeling framework to link
Web-based discussion and reveal the disease dynamics, as
demonstrated by the extant research on various epidemics
[16-18].

The 2016 Zika epidemic provides a great opportunity to
investigate and evaluate the CDC'’s role and responsiveness on
socid media. Zikawasarelatively new infectious disease, which
affected men and women, fetuses, and infants with multiple
transmission routes. However, the general public usually had
very little knowledge and understanding about it. In 2016, Zika
caused 5168 confirmed noncongenital casesin the 50 statesand
Washington DC in the United States, and much higher case
number in US territories [19]. Twitter isthe major social media
outlet for the CDC, with atotal of 67 official CDC—associated
Twitter accounts covering a wide variety of health- and
disease-related topics. Former CDC director Dr. Tom Frieden
was active on Twitter and hosted live Twitter chats with general
public [20], including a recent 1-hour live chat regarding Zika
in February 2016.

http://publichealth.jmir.org/2018/4/e10827/
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Despite CDC's prominent Web-based presence and efforts,
inaccurate information regarding Zika proliferated on social
mediaand outperformed the CDC (and other | egitimate sources
such as the WHO) by alarge margin [21]. Studies have shown
asubstantial topic discrepancy between public concern and the
CDC's response to Zika on Twitter [22-25]. Another less
addressed aspect isthelow rate of public engagement (measured
by the number of retweets and replies) on social media, where
social media should be a Web-based platform for public
engagement and interaction [26], not just one-directional news
outlet [8,27,28]. Furthermore, currently thereisno study onthe
temporal variability in the CDC’sresponseto different epidemic
stages of Zika for the entire year of 20186, its potential impact
on public engagement, and quantification of information
dissemination, as the CDC did not finalize and publish the
complete 2016 Zika case countsin the entire United States until
March 2018 [19].

Thus, there is a substantial knowledge gap in quantifying and
understanding theinteraction among Zikaepidemic, the CDC's
dynamic response on social media (Twitter), and public
engagement to the CDC'seffort, aswell aspotential discrepancy
among these hierarchies during different stages of the Zika
epidemic. More specifically, original CDC-initiated tweets
regarding Zika represent the government agency’s
responsiveness to the Zika epidemic. Retweets and replies to
CDC's original tweets quantify public engagement in the
discourse about Zikain Twitter. Between the 2, retweets enhance
Zikarrelated news and information discourse by replying
information to other users, whereasrepliesimply morein-depth
cognitive processing of this topic and contribute to the direct
interaction with CDC [29].

To address these issues, this study aims to quantify the CDC's
responsiveness on Twitter and corresponding public engagement
during different stages of the 2016 Zika epidemic. We then
identify potential discrepancy among them using time series
analysis and information theory measurements. Theresultsand
insights gained from this study will reveal the effectiveness of
CDC's efforts in disseminating information on social media
and help develop more effective Web-based communication
strategies to inform public and combat fake information in
health-related topics.

Methods

Data Collection and Preparation

We collected al English tweets with the keyword “Zika”
published between January 1, 2016 and December 31, 2016,
using the Gnip Twitter application program interface.
Corresponding retweets and replies received by these tweets
were also collected. In addition, al tweets from 67 accounts
affiliated with CDC in 2016 were collected. Zika case counts
in the 50 US states and territories during the entire 2016 have
been retrieved from the official CDC Zika case report website
[29] and CDC's final report of the 2016 Zika epidemic in the
United States[19].

Four time series were extracted from the original tweets (both
Zikarrelated and all tweets initiated by CDC), retweets, and
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replies (only to Zika-related CDC-initiated tweets). In addition,
2 additional time series of US Zika case counts (both 50 states
and 50 states plus territories) were obtained [19]. Given that
the dates of tweets, retweets, replies, and case counts were not
entirely consistent (eg, the CDC may not tweet about Zika every
day and may not publish case count on aregular basis), these
time series were first standardized into weekly basis. The data
were aggregated in weekly periods to ensure that each time
series has the same 52 data points for further analysis and
comparison. Monthly resolution was not adequate to perform
successive time series analyses (because each quarter only had
3 data points) while daily resolution required an extra step of
data interpolation (because each day did not necessarily had
Zika tweets and case reports), and weekly basis was well
balanced and should provide the highest signal-to-noise ratio
in this study. To establish a baseline scenario, we computed the
weekly number of tweetswith any topic from all CDC accounts
and identified the top topics tweeted by CDC in 2016. Using
these data, we could calculate the ratio between weekly tweets
with the keyword of Zika and all tweets from the CDC, which
demonstrated the relative importance of Zika on the CDC's
social mediaagenda. Thisestimate also helped reveal and assess
the CDC's responsiveness to Zika at different stages of the
epidemic.

Univariate Time Series Analysis

Original Zika tweets from the CDC, corresponding retweets
and replies, and Zika case time series were plotted, visualized,
and examined for stationarity. After the initial screening, we
discovered a substantial temporal variability in the number of
original tweets, retweets, and replies, as well as Zika cases.
None of these time series was stationary. To characterize such
largetemporal heterogeneity, we divided the entire year of 2016
into 4 quarters and performed further analysis within each
quarter. Furthermore, we calculated the ratio between Zika
tweets and all tweets from the CDC as a measurement to
quantify the relative importance of Zika among various
health-related topics from the CDC's perspective.

These quarterly time serieswerefirst model ed as autoregressive
integrated moving average (ARIMA) models to reveal any
potential temporal characteristics such as linear trend,
seasonality, or temporal autocorrelation [16]. The following

equation:
E

showstheform of an ARIMA model with variable X, difference
term L, and parameters (p, d, q) (Equation 1). The 3 parameters
p, d and q corresponded to  autoregressive,
differencing/integrated (L), and moving average components
of the ARIMA model, respectively. The optimal model was
then chosen by minimizing the Akaike Information Criteria
(AIC) valueamong all possible competing modelswith different
parameters. The Zika case counts were excluded from this
analysis because most of the domestic Zika casesin 2016 were
travel-related and could not bewell characterized by the ARIMA
model, and modeling the temporal dynamics of Zika was not
an aim of this study.

http://publichealth.jmir.org/2018/4/e10827/
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Multivariate Time Series Analysis

We cal culated the lagged correl ation between 2 time seriesusing
the cross-correlation function (CCF) at different stages
represented by 4 quarters in 2016 to identify and quantify the
potential temporal discrepancy among Zikacase counts, CDC's
origina twests, and public engagement in these tweets (ie,
retweets and replies to CDC's tweets). Specificaly, we
compared time series of Zika case counts with that of original
CDC tweets to understand the CDC's responsiveness to the
disease outbreak. In addition, time series of Zika case counts
and that of retweets and replies were compared with discovered
different levels of public engagement in reaction to the Zika
epidemic. Their respective CCFs were computed for each of
the 4 quartersin 2016. Given that the original CDC tweetswere
always highly correlated with retweets and replies, we aso
evaluated the dynamic change of public engagement by
calculating the ratio between the number of CDC's original
Zika tweets and the number of retweets or replies across
different stages. In addition, we calculated the mutual
information between 2 time series using Dirichlet-multinomial
pseudo count Bayesian estimate of Shannon entropy, a more
informative metric than the CCF to reveal the potential mutual
information between 2 time series and quantify whether the
number of original CDC tweets about Zika and retweets and
repliesreceived by them had adequate mutual information with
actua Zika case counts.

We constructed the ARIMA with External Variable (ARIMAX)
model for original CDC twests, retweets, and replies in each
quarter of 2016, respectively. The ARIMAX model was a
multivariate extension of the ARIMA model and incorporated
an effective external variable (ie, Y; , representing atime series
of Zika case countsin this study):

@

Theunivariate ARIMA mode and multivariate ARIMAX model
were then compared to see whether including external variable
actually increased the model performance by decreasing the
AIC value. The ARIMAX model was constructed on the basis
of the corresponding optimal ARIMA model in the univariate
time series analysis section. In other words, ARIMAX and
ARIMA models should have exactly the same p, d, and g
parameter values to correctly assess the effect of the external
variable. This revealed whether public engagement in CDC's
original tweets significantly corresponded to the domestic Zika
epidemic. We then tested whether the number of original CDC
tweets, retweets, or replies could serve as an imperativeindicator
of actual Zikacase (or vice versa) in different stages by applying
the Granger causality test. The terms that needed to be first
differenced in the Granger test were determined from the
corresponding ARIMA or ARIMAX model (ie, where parameter
d is nonzero).
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Results

Descriptive and Univariate Time Series Analysis
Results

Among all tweets sent by the CDC in 2016, Zika was the third
most tweeted health topic, totaling >6000 tweets (including
4000 origina tweets and another 2000 retweets by other
CDC-associated Twitter accounts), and was just behind
HIV/AIDS and sexually transmitted disease in entire 2016
(Figure 1). As there might be overlap between topics (eg,
Zikalsexually transmitted disease, Zika/Vaccine, HIV
AIDS/Pre-exposure prophylaxis, HPV/Vaccine, etc), aspecific
tweet could belong to multiple topics. Thus, Zikawas a highly
ranked and important health topic in 2016 according to the CDC.
Among &l 67 CDC—associated Twitter accounts, 21 tweeted
about Zikain 2016. M orethan 60% (3663/ 6104) of Zika-related
tweetswere posted by @CDCgov, @CDCTravel, @CDCGlobal,
and @CDCEmergency; these 4 were a so the most active Twitter
accountsthat disseminated Zika-rel ated information consistently
through all 4 quartersin 2016. Although Zika was one of the
hot topics tweeted by the CDC, there was substantial temporal

Chenet a

heterogeneity in the CDC's tweeting pattern regarding Zika.
Morethan 84.0% (5130/6104) of all Zikatweetswere published
in the first quarter of 2016, with 5.6% (342/6104), 7.5%
(458/6104), and 2.4% (146/6104) for the subsequent quarters,
respectively (Figure 2). The top left of Figure 2 shows the
number of all tweets sent from all CDC—associated Twitter
accounts during 2016 (solid black line) and Zika-rel ated tweets
(dashed blue line); the top right shows the number of
Zikarrelated tweets (solid black line) and Zika case counts in
50 statesand DC (solid red line); the bottom | eft shows retweets
to CDC's Zika tweets; and the bottom right shows replies to
CDC'sZikatweets. Asacomparison of thetemporal dynamics,
domestic Zikacase percentagesin 50 states and DC were 10.8%
(560/5168), 26.0% (1343/5168), 52.8% (2728/5168), and 10.4%
(535/5168) in the 4 quarters, and case percentagesin 50 states,
DC, and overseas territories were 1.70% (662/38,885), 5.91%
(2298/38,885), 58.46% (22,732/38,885), and 33.92%
(13,189/38,885) inthe 4 quarters (Figure 3). Datawere obtained
from the CDC Morbidity and Mortality Weekly Report [19].
Thus, the Zika epidemic dynamics was substantially different
from the CDC’stweeting dynamicsin 2016, as Zika case counts
were actualy the lowest in the first quarter of 2016.

Figurel. Thetop 15 most tweeted health topics by the Centers for Disease Control and Prevention (CDC) in 2016. STD: sexually transmitted disease
TB: tuberculosis; CVD: cardiovascular disease; PreP: Pre-exposure prophylaxis; HPV: Human papillomavirus.
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Figure 2. Thetime series of Zikatweets from the Centers for Disease Control and Prevention (CDC), corresponding retweets, replies, and all original

tweets from the CDC in 2016.
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Figure 3. Noncongenital Zikavirus disease casesin 50 states/DC and both 50 states/DC and territoriesin 2016. CDC: Centersfor Disease Control and

Prevention.
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Zika was unequivocally the most tweeted health topic of the
CDC in the first quarter and was mentioned in almost 50.0%
(3052/6104) of al tweets in that quarter, dwarfing both
HIV/AIDS- and sexualy transmitted disease-related tweets;
this substantial temporal heterogeneity was also demonstrated
by the distinct ARIMA modelsin each quarter (see Table 1, the
first column for original tweets). The optimal ARIMA model
inthefirst quarter waswith parameter p, d, g=2, 0, 3, indicating
that the optimal time series model with the minimized AIC
value for original tweets did not need differencing (d=0, order
of differencing being 0, that is, already stationary and does not
need further differencing), and with autoregressive and moving
average term p=2 (indicating autoregressive time lag of 2) and
g=3 (indicating moving average order of 3), respectively. The
parameters associated with optimal ARIMA modelsin the next
3 quarters were p, d, g=2, 1, 3 (second quarter), 1, 1, 1 (third
quarter), and 2, 0, 3 (fourth quarter), respectively.

Retweets of and replies to the original Zika tweets from the
CDC generdly followed the similar temporal characteristics,
where the first quarter had the largest number of both retweets
and replies (Figure 2, lower |eft and lower right, respectively).
The optimal ARIMA models were again distinct across the 4
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quartersin 2016, for both retweets (Table 1, the second column)
and replies (Table 1, the third column). The only similarity was
retweets in the first and the second quarter, both of which had
the same parameterization (p, d, g=2, 1, 3). Comparing among
ARIMA modelsfor original tweets, retweets, and replies, there
were only 2 pairs with the same model
parameterization—original and retweets in the second quarter
(both with p, d, g=2, 1, 3) and retweets and replies in the third
quarter (both with parameter values p, d, g=2, 1, 2). These
resultsreveal ed asubstantial temporal variability across different
quarters of 2016 and among origina tweets, retweets, and
replies.

Multivariate Time Series Analysis Results

As shown in Figure 4, strong temporal correlations were
discovered between original Zika tweets from the CDC and
retweets, aswell asbetween original Zikatweetsfromthe CDC
and repliesin all quarters of 2016. Most retweets and replies
were centered at zero, indicating that general public’sinteraction
with origina CDC tweets was usually synchronized. Figures
5-7 provide the plots of the CCF between Zika case and each
of the following variables: original Zikatweets from the CDC,
retweets, and repliesin each quarter of 2016, respectively.
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Table 1. Mutua Shannon information entropy, Autoregressive Integrated Moving Average or Autoregressive Integrated Moving Average with External
Variable model parameters, and Akaike Information Criteria values in different quarters of 2016.

Quarters Original + Case Retweeting without commenting + Reply + Case
Case
01
Mutual Info 0.04 0.01 0.09
ARIMA (X)? Par 2,0,3 2,1,3 2,0,2
daicP —2.25° -1.88° -1.21°
(976.61, 974.36) (1341.51, 1339.63) (950.05, 948.84)
Q2
Mutual Info 0.13 0.17 0.29
ARIMA(X) Par 2,1,3 2,1,3 011
dAIC 0.96 _0.88° 1.88
(722.54, 723.50) (1207.14, 1206.26) (709.18, 711.06)
Q3
Mutual Info 0.02 0.08 0.02
ARIMA(X) Per 1,11 2,1,2 2,1,2
daIC 195 1.82 _0.62°
(719,51, 721.46) (1172.01, 1173,83) (738.76, 738.14)
Q4
Mutual Info 0.01 0.07 0.01
ARIMA(X) Par 2,0,3 01,2 0,0,1
dAIC _059° 1.62 1.97

(453.28, 452.69)

(917.84, 919.46)

(353.23, 355.20)

BARIMA(X): Autoregressive Integrated Moving Average (with External Variable).

bdAIC: differencein Akaike information criterion.

®Negative dAIC value indicates better performance of the ARIMAX model compared with its corresponding ARIMA model; hence, including Zika

case counts improves the model performance.

Figure4. The cross-correlation function (CCF) between original Centers for Disease Control and Prevention (CDC) Zikatweets, retweets, and replies

in 4 quarters of 2016. ACF: autocorrelation function.
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For original Zikatweets and Zika case counts, strong temporal
correlations were observed in the first, second, and fourth
quarter. In the first quarter, CDC's tweets regarding Zika
preceded actua case counts for approximately 7-10 days,
indicated by the substantial lag of 7, 8, 9, and 10 (Figure 5, top
left). In the second quarter, CDC's tweets were ahead of the
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case for approximately 2 weeks (Figure 5, top right). In the
fourth quarter, CDC's tweets were behind Zika case for
approximately 1-3 days (Figure 5, bottom right). In the third
quarter, there was no substantial correlation between the 2 time
series. These results revealed that the CDC was very active
during the early stage of the Zika epidemic (especially February
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2016) on socia media when the actual case number was low
(Figure 2, top right).

The similar pattern was also observed between retweets and
Zika cases (Figure 6). The first quarter demonstrated a strong
temporal correlation between the 2, whereas there was no
substantial correlation in the fourth quarter. In other words, the
general public was more engaged in retweeting to help
disseminate the information during the first half of 2016.

The correlation between replies and Zika cases was also
explored and demonstrated (Figure 7). Replies preceded case
counts for about a week in the first quarter, indicating the
general public’'s strong interests in discussing Zika and
interacting with the CDC on Twitter; this active engagement
decreased astimewent by. By thefourth quarter of 2016, replies
were about 10 days behind actual cases.

In addition, we calculated the mutual information to explore
mutual dependence between Zika cases and each of these
activities on Twitter—original Zika tweets from the CDC,
retweets, and replies, from an information perspective (Table
1). Inthefirst quarter, replies had the highest mutual information
(0.09) with Zika cases, which was even higher than original
Zika tweets from the CDC (0.04) and retweets (0.01).
Nevertheless, all these mutual information (ie, Shannon
information entropy) were low, indicating a potential
discrepancy between the discussion of Zika on Twitter and
actual epidemic. In the second quarter, replies, retweets, and
origina Zika tweets from the CDC had 0.29, 0.17, and 0.13
mutual information with Zika cases, respectively, serving as
the highest mutual information of al 4 quartersin 2016. In the
third quarter, retweets had the highest mutual information with
Zika cases (0.08), followed by both original tweets and replies
tied at 0.02. Inthefourth quarter, retweets got the highest mutual
information again (0.07), followed by original tweetsand replies
with very low mutual information (0.01). In general, retweets
and replies had even more mutual information with Zika cases
compared with CDC's original Zika tweets. Thus, the CDC's
tweeting pattern was an inferior indicator of the Zika epidemic
than public engagement in itstweets asillustrated by the patterns
of retweets and replies.

The mutual information does not consider potential temporal
characteristics such as lag or trend. Therefore, we further
quantified whether including an external variable of Zika case
counts could increase the ARIMA model performance (Table

http://publichealth.jmir.org/2018/4/e10827/
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1). The analysis results showed that in the first quarter, all
ARIMAX models outperformed their ARIMA counterparts by
a large margin (difference of AIC [dAIC]=-2.25, -1.88, and
-1.21 for original Zika tweets, retweets, and replies,
respectively; dAIC was the difference of AIC values between
ARIMAX and ARIMA models, and negative dAIC value
indicated better performance of the ARIMAX model, that is,
including an externa variable increased the model
predictability). Although Zika case counts were the lowest in
the first quarter, they still highly correlated with the temporal
dynamics of Web-based discussion of Zika. Including Zikacase
counts only improved the ARIMAX model for retweets
(dAIC=-0.88) in the second quarter, for replies (dAIC=-0.62)
in the third quarter, and for original Zika tweets from CDC
(dAIC=-0.59) in the fourth quarter. These findings provided
further evidence to confirm the large temporal variability and
differences in the CDC's response to Zika and public
engagement in their responses on Twitter.

In addition, we evaluated whether Zika case could be Granger
cause of origina CDC tweets, retweets, and replies, or vice
versa. The Granger causality test revealed that case count was
not Granger cause for original Zika tweets from the CDC in
any quarter, and vice versa. Thus, the correlation between
CDC's Zika tweets and actual Zika cases was not strong.
Retweets, however, could serve as Granger cause of Zika cases
for order from1to 5 (P=.05, .04, .02, .01, and .04, respectively)
in the first quarter; this coincided with previous findings that
retweets had a very high correlation with Zika casesin the first
quarter (Figure 6). Similarly, replies also served as Granger
cause in the first quarter for order 3, 4, and 5 (P=.03, .01, and
<.001, respectively). Furthermore, replies served as Granger
cause again in thefourth quarter for order 1 (P=.04). In contrast,
Zikacase countsin thethird quarter could be Granger causefor
replieswith order 2 and 3 (P<.001 for both orders) but not vice
versa. This was the only exception when Zika cases served as
Granger cause for Twitter discussion. It is important to note
that Granger causality only provided statistical evidence for
potential causality and did not guarantee actual causality. For
example, replies as Granger cause in the first quarter did not
mean repliesto CDC' stweets* caused” Zikacasesin the United
States. Therefore, we should interpret that replies preceded Zika
cases and had a strong association with Zika case counts at
selected orders. Furthermore, the temporal heterogeneity in
Granger test results showed variability across different quarters
in 2016.

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 [e10827 | p.94
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Chenet a

Figure 5. The cross-correlation function (CCF) between original Centers for Disease Control and Prevention (CDC) Zika tweets and domestic Zika

casesin 4 quarters of 2016. ACF: autocorrelation function.
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Figure 6. The cross-correlation function (CCF) between retweets to Centers for Disease Control and Prevention (CDC) Zika tweets and domestic Zika

casesin 4 quarters of 2016. ACF: autocorrelation function.
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Figure 7. The cross-correlation function (CCF) between replies to Centers for Disease Control and Prevention (CDC) Zika tweets and domestic Zika

casesin 4 quarters of 2016. ACF: autocorrelation function.
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Discussion

This study is the first of its kind that specifically investigates
the temporal variability in CDC's tweeting activities regarding
Zika. Moreimportantly, it linksthe temporal variability of Zika
cases in the United States to that of CDC's sociad media
responses and public engagement in those socia media
messages. In general, we discovered substantial discrepancy
among CDC's tweets regarding Zika, public engagement, and
actual Zikaepidemicin different stages of the epidemicin 2016.
As shown by our findings, there was a substantial discrepancy
between CDC's response to Zika in Twitter and the Zika
epidemic. When Zika case countswerelow in the United States
during the first quarter of 2016, CDC was very active in
disseminating information about Zika by sending out >84.0%
(5130/6104) of al its 2016 Zikatweets. The CDC and itsformer
director Dr Frieden even hosted 1-hour Twitter chat on February
16, 2016. All these activities correlated with active public
engagement, asretweets and replieswere a so the highest among
all quarters. Thus, the CDC was effective in the early warning
of the upcoming epidemic of Zikaand successfully gained public
attention during the first quarter of 2016. However, when Zika
case counts started to increase sharply in the second and third
quarters of 2016, CDC's Zikarelated tweets decreased
substantially and did not catch up with the Zika case counts.
Nevertheless, public engagement in discussion of Zikaon social
media could be influenced by some other factors such as news
source, persona familiarity with the disease, and potential
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opinion leaders who may not necessarily be health-related. All
these could be future directions to expand this study.

While public engagement in CDC's Zika tweets (ie, retweets
and replies) also decreased dramatically in the second and third
quartersof 2016, it was significantly associated with Zika cases,
as revealed by the performance of corresponding ARIMAX
models (compared with the origina ARIMA models). When
more case counts (including both transmitted cases and
travel-related cases) werereported in Floridasincelate July and
from Summer Olympics in Brazil between August 5 and 21,
2016, retweetsand repliesto CDC's Zikatweetsincreased again
substantially, demonstrating public’s growing and recurrent
awareness of this emerging health issue. The dynamic public
engagement in CDC's Zika tweets was generaly different
among quarters and was also substantially influenced by and
usually preceded the Zika epidemic. Therefore, public
engagement in CDC's Zika tweets was generaly a more
prominent predictor of the actual Zika epidemic than CDC's
tweets later in the year.

Different from previous studies that have used socia media
discussion trend to predict and adjust the actual disease
dynamics [13,16,18,30-33], this study used Zika case counts
and epidemic to infer the Twitter discussion dynamics and
revealed dynamic changes throughout the year; we made this
decision because the mgjority of domestic Zika cases in the
United States were travel-related and highly stochastic [19].
Therefore, they could not be accurately captured by statistical
models such as ARIMA or ARIMAX. Using socia media
discussion to predict the actual disease dynamicsis, thus, more
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useful for locally transmitted diseases, such asinfluenza, rather
than travel-related diseases.

This study has several limitations. First, we did not investigate
the actual content and user identities of retweets and replies.
Oneof thefuturedirectionsisto investigate the content of these
messages by using topic modeling [24] and natural language
processing [34]. It will be especially valuable to examine the
patterns of replies to understand the public’s responses toward
theoriginal tweets. For example, it will beinteresting to examine
if public responses are neutral, synergistic, or antagonistic.
Another potential route wasto investigate retweeting or replying
network, identify potential opinion leaders, and assess their
rolesin disseminating health-rel ated information from legitimate

Chenet a

In thisstudy, we focused on public engagement in CDC'stweets
(ie, retweets and replies). Nevertheless, it represents arelatively
small portion of public engagement in the general topic of Zika
compared with all Zika-related tweets. An extension of this
study could investigate thetemporal dynamicsof all Zika-related
retweets and replies and compare them with public engagement
in CDC's Zika tweets. Similarly, the number of original Zika
tweets from the CDC were relatively low especially after the
first quarter in 2016, which might influencetime seriesanalysis
results (and it was also the reason we chose weekly but not a
daily resolutioninthisstudy). A potential remedy wastoinclude
thetemporal dynamics of all Zika-related tweets as areference
in the future study and contrast that with the CDC's tweeting
pattern.

sources such as the CDC and WHO.
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Abstract

Background: Tweets can provide broad, real-time perspectives about health and medical diagnoses that can inform disease
surveillance in geographic regions. Less is known, however, about how much individuals post about common health conditions
or what they post about.

Objective: We sought to collect and analyze tweets from 1 state about high prevalence health conditions and characterize the
tweet volume and content.

Methods: We collected 408,296,620 tweets originating in Pennsylvania from 2012-2015 and compared the prevalence of 14
common diseases to the frequency of disease mentions on Twitter. We identified and corrected bias induced due to variance in
disease term specificity and used the machine learning approach of differential language analysisto determine the content (words
and themes) most highly correlated with each disease.

Results: Common disease terms were included in 226,802 tweets (174,381 twests after disease term correction). Posts about
breast cancer (39,156/174,381 messages, 22.45%; 306,127/12,702,379 prevalence, 2.41%) and diabetes (40,217/174,381 messages,
23.06%; 2,189,890/12,702,379 prevalence, 17.24%) were overrepresented on Twitter relative to disease prevalence, whereas
hypertension (17,245/174,381 messages, 9.89%; 4,614,776/12,702,379 prevalence, 36.33%), chronic obstructive pulmonary
disease (1648/174,381 messages, 0.95%; 1,083,627/12,702,379 prevalence, 8.53%), and heart disease (13,669/174,381 messages,
7.84%; 2,461,721/12,702,379 prevalence, 19.38%) were underrepresented. The content of messages also varied by disease.
Personal experience messages accounted for 12.88% (578/4487) of prostate cancer tweets and 24.17% (4046/16,742) of asthma
tweets. Awareness-themed tweets were more often about breast cancer (9139/39,156 messages, 23.34%) than asthma (1040/16,742
messages, 6.21%). Tweets about risk factors were more often about heart disease (1375/13,669 messages, 10.06%) than lymphoma
(105/4927 messages, 2.13%).

Conclusions; Twitter provides a window into the Web-based visibility of diseases and how the volume of Web-based content
about diseases varies by condition. Further, the potential value in tweets is in the rich content they provide about individuals
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perspectives about diseases (eg, personal experiences, awareness, and risk factors) that are not otherwise easily captured through

traditional surveys or administrative data.

(JMIR Public Health Surveill 2018;4(4):€10834) doi:10.2196/10834

KEYWORDS

Twitter messaging; disease; prevalence; public health surveillance; social media

Introduction

Communities are increasingly identified as a driver of health,
yet our ability to track changes in the health of communities
has been limited by the nature of community-level data. These
data are typically survey-based or derived from administrative
health care claims. In both of these cases, delays in data
availability can preclude timely interventions. Social media
channels, like Twitter, offer anew opportunity to track regional
health trends by observing health-related communication
generated by the public and for the public [1-7].

Thereisan opportunity to determine how emerging digital data
sources are complementary (ie, social media data have similar
findings to traditional health data sources) and augmentative
(ie, socia media provides new real-time information about
health not avail ablein data collected through traditional means).
To better quantify the value added by social media for public
health surveillance, an understanding of how much data exist
about different health conditions is needed. High prevalence
conditions that affect much of a population may be
underrepresented on the Web, whereas low prevalence
conditions could be discussed more frequently on Twitter.
Further, it is likely that there are different drivers (eg, disease
morbidity and mortality, celebrity news, acuity, and stigma)
that may influence the volume of Web-based health
conversations.

To better characterize health-related tweet volume and content,
we compared the volume of Twitter messages about common
diseases with the prevalence of the disease determined from
inpatient and outpatient claims. We then characterized the public
perception of common diseases by identifying the content
(words and themes) most frequently associated with each
condition.

Methods

Context

This was a retrospective analysis of publicly available data
about health conditions posted on Twitter in Pennsylvania. This
study was approved by the University of Pennsylvania
Ingtitutional Review Board.

We collected tweets originating from Pennsylvania related to
5 of the top causes of death in the United States. The causes of
death were then further divided into subcategories. heart disease
(heart disease and hypertension), diabetes, stroke, cancer (breast,
skin, lung, lymphoma, leukemia, prostate, pancreatic, and
ovarian), and chronic lung disease (asthma, chronic obstructive
pulmonary disease, COPD).

http://publichealth.jmir.org/2018/4/e10834/

Data Sources

Twitter Data

Twitter isasocial mediaplatform that allows usersto send and
receive short messages called “tweets” At the time of data
collection, tweets were limited to 140 characters; thislimit was
doubled to 280 characters in 2017. All tweets were collected
via the Twitter Application Programming Interface (API) as
described in Prectiuc-Pietro et d [8]. Firgt, the Twitter Streaming
API was used to collect arandom 1% sample of public tweets
from 2012-2015. Thisinitial dataset wasthen filtered to contain
only geolocated tweets or tweets originating from users with
nonempty location fields in their profile. The county of origin
of each tweet user was determined, and the dataset was filtered
to obtain only tweets for usersin Pennsylvania. To increase the
sample size of tweets from the state, al unique user IDs were
recorded, and the Twitter search APl was used to extract
timelines (each user’s prior 3200 tweets) filtered by timestamps
ranging from 2012-2015.

Disease Keywords

The dataset analyzed was filtered for messages containing at
least 1 keyword referencing a disease. The lexica of keywords
(Multimedia Appendix 1) for each disease was derived from
the Consumer Health VVocabulary [9] and supplemented by the
authors of the study. The precision of the keyword filtering was
estimated for each disease via a correction factor derived from
amanua review of the tweets. The correction factor was then
used to calculate corrected message counts.

Tweet Location

All tweets used in this analysis were classified as originating
from a county in Pennsylvania. The tweets were mapped to a
county using acombination of coordinates and the user-provided
location field as per the method described in Schwartz et al [10].
For county mapping, we identified if coordinates were present
with the tweet. If coordinates were present, these were used to
identify the county of origin via the Google Maps API. For
tweets without coordinates, we used the location field provided
in the user's profile to identify the county. When the field
contained only a city or city nickname, it was mapped to a
county as long as it met the following criteria: at least 90% of
the population in al the cities with that name are in 1 specific
city. For example, “Chicago” would get mapped to Chicago,
I1linois, because greater than 90% of the populationin all cities
named “Chicago” in the United States are located in Chicago,
Illinois. “Springfield” would not be mapped, as there are
approximately 50 different regions named “ Springfield” in the
United States of similar population density. The same process
in the previous step was used if the county name was listed
without a specified state. Cities that were among the top 1000
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English or Spanish nouns, verbs, and adjectives were not
considered.

Deriving Topics About I ndividual Diseases

Utilizing all messages from the dataset, 200 topics (ie, groups
of co-occurring words) were generated using the Mallet
implementation of latent Dirichlet allocation (LDA). Theinput
datafor LDA werefiltered to removeall disease keywordsalong
with all words used by less than 5% of tweet authors.

The topic distribution of each message was then calculated as
described in Schwartz et a [11]. The Pearson correlation
between topic distribution and a binary label of whether or not
the tweet contained the disease mentioned was calculated. All
correlations were corrected for false discovery rate using the
Benjamini-Hochberg procedure.

Organizing Topics into Themes

We created 10 themes by clustering the 200 LDA topics using
nonnegative matrix factorization of the LDA topics derived
from the messages. We identified the resulting clusters of topics
as “themes.” The LDA topics specify the probability of each
word given each topic. Nonnegative matrix factorization
provides aweighted value indicating how much each topic, and
hence each word in each topic, contributesto each theme. Theme
distributionsfor each message were then calcul ated in the same
manner as described previously for thetopic distributions, using
Bayes' rule to compute p(themelword). The resulting themes
were manually labeled as follows: News, Research, Slang or
Popular Culture Reference, Environment, Diagnosis and
Survivorship, Treatment, Diet and Prevention, Awareness, Risk
Factor, and Personal Experience.

Statistical Analysis

Disease Prevalence

Outpatient and inpatient hospitalization claims were retrieved
from 2013 and 2014 claims data from the Pennsylvania Health
Care Cost Containment Council. Claims corresponding to each
disease were identified using the primary and secondary
diagnostic codes that were encoded via the corresponding
International Classification of Diseases, 9th edition. The codes
pertaining to a specified disease were determined using the
grouping provided by Clinical Classification Software developed
as part of the Healthcare Cost and Utility Project [12]. Disease

Figure 1. Equation for deriving a disease's corrected message count.

correctedmessagecount =

Tuftset a

prevalence is defined as the number of unique patientsin each
county that have a claim related to a given disease divided by
the total population of the county. The average of those
county-level prevalences was used as the state prevalence for
each disease.

Adjusted Message Counts and Correction Factors

Due to ambiguity in some of the disease lexica, the message
counts for each disease need to be scaled to reflect that many
uses of termssuch as* heart attack” or “stroke” are metaphorical
or refer to other subjects such as golf “stroke” The scaling is
accomplished viaacorrection factor based on the manual review
of tweets by 2 researchers using the methods outlined in Weeg,
eta [13].

To calculate the correction factor for a disease, a sample of 30
tweetsfor each keyword were sampled. Those tweetswerethen
classified as being a reference to adisease or not areferenceto
adisease. The percentage of tweets from the sample pertaining
to a disease was identified as the correction factor for that
keyword, w,. To calculate the corrected message count for a
disease (Figure 1), the product of the correction factor, w, and
the number of messages containing that keyword, n,, are
summed for all keywords for a single disease.

Comparing Tweet Volume to Disease Prevalencein
Pennsylvania

We used summary statistics to compare the volume of postson
Twitter with the disease prevalence in Pennsylvania for those
conditions.

Associating Disease with Themes

The distribution of themes was investigated using 2 different
metrics: the probability of the theme given the disease and the
pointwise mutual information (PMI) between the disease and
theme (Figure 2). The probability of the theme given the disease
provides insight into the most prevalent topics of conversation
for the given disease.

The PMI of a disease and theme provides a measure of how
often a disease and theme co-occur relative to how often the 2
would co-occur if independent of one another. This provides
insight into theme-di sease co-occurrence that may be somewhat
rare but is significantly different from random chance.

K
Wit
k=1

Figure 2. Equation for deriving the pointwise mutual information between a disease and atheme. PMI: pointwise mutual information.

p(theme,disease)

PMI =

log

p(theme)p(disease)
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Results

Tweet Volume and Disease Prevalence Comparison

Tweet Volume

The initial sample of tweets from Pennsylvania consisted of
408,296,620 tweets. The data were filtered for messages
containing disease-related language, resulting in a dataset
containing 226,802 messages. This estimated size of thisdataset
wasfurther reduced to 174,381 messages after correction factors
were applied to the disease message counts. Breast cancer
(n=39,156), stroke (n=53,858), and diabetes (n=41,615) were
the most frequent conditions represented in the dataset (Table
1).

Tuftset a

terms related to pancreatic and ovarian cancer were aways a
direct reference to the disease. References to stroke were
nonmedical or references to other health topics, such as heat
stroke, 84.88% (45,716/53,858 messages) of the time.

Comparing Tweet Volume to Disease Prevalencein
Pennsylvania

When comparing prevalence to corrected message counts
(Figure 3) we identified that hypertension (17,245/174,381
messages, 9.89%; 4614,776/12,702,379 prevalence, 36.33%),
COPD (1648/174,381 messages, 0.95%; 1,083,627/12,702,379
prevalence, 8.53%), and heart disease (13,669/174,381
messages, 7.84%; 2,461,721/12,702,379 prevalence, 19.38%)
were underrepresented on  Twitter. Breast cancer was
overrepresented when comparing corrected message countsand

Correction Factors and Corrected Message Counts prevalence (39,156/174,381 messages, 22.45%;
Of the 14 diseases, weidentified only 2, COPD and stroke, with  306,127/12,702,379 prevalence, 2.41%).
a correction factor below 90% (Table 1). Messages containing
Table 1. Characteristics of the study sample: tweet data and user data.
Disease Message count, n Correction factor, % Corrected message count, n Users, n
Cancer
Breast cancer 39,169 100 39,156 19,960
Leukemia 9129 95.1 8682 5855
Lung cancer 5745 92.6 5317 3719
Lymphoma 5276 934 4927 2758
Ovarian cancer 3063 99.9 3060 1212
Pancrestic cancer 3231 100 3231 1189
Prostate cancer 4487 100 4487 2311
Skin cancer 7866 99.9 7859 4048
Chronic lung disease
Asthma 18,082 92.6 16,742 10,185
Chronic obstructive pulmonary disease 2137 77.1 1648 726
Diabetes 41,615 96.6 40,217 16,321
Heart disease
Heart disease 14,740 92.7 13,669 7992
Hypertension 18,404 93.7 17,245 12,203
Stroke 53,858 151 8141 34,298
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Figure 3. Proportion of messages versus prevalence. COPD: chronic obstructive pulmonary disease.
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Characterizing Tweet Topics About Individual
Diseases

For each disease, we identified all statistically significant
(P<.001) correlations between topics and a binary label
indicating whether or not a message contained a reference to
the disease. Topics most correlated with asthma were related
to first-person accounts of managing the disease (attack and
inhaler), discomfort associated with the disease (can’t and
breathe), or conditionsthat pose additional risk (pollution, mold,
and dust) such as allergens. The majority of topics associated
with cancer referenced some variety of charity campaign (pink,
ribbon, and bracelet) or awareness effort (support, awareness,
October, and pink). Topicsrelated to stroke were rarely related
to cerebrovascular accident, but more often related to other
definitions of stroke (eg, golf stroke, paint stroke, and heat
stroke). Diabetes, heart disease, and hypertension messages
were correl ated with topicsthat focused on disease management
(weight loss, insulin, and reduce stress) and lifestyle choices
(diet and exercise). Complete topic word clouds for each
disease can be found in Multimedia Appendix 2.

http://publichealth.jmir.org/2018/4/e10834/
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Characterizing Tweet Themes Across Diseases

Probability of Theme Given Disease

The probability of atheme given the disease provides insight
into the most prevalent topics of conversation for a specific
disease (Figure 4). We identified that messages referencing
breast cancer were more likely to be about disease awareness
(9139/39,156 messages, 23.34%). Heart discase messages
mostly focused on risk factors such as stress, sleep, and obesity
(1375/13,669 messages, 10.06%). In most cases, asthma
messages referenced a personal experience.

Pointwise Mutual I nformation

PMI provides a measure of association between the theme and
the disease (Figure 4). We found that diagnosis was a small
proportion of the theme distribution for each disease. However,
if diagnosisor survivorshipismentioned, itismuch morelikely
to be mentioned in conjunction with lymphoma and leukemia
than with the other diseases (PMI 0.67-0.96). Similarly, a
relationship between the risk factors theme and hypertension
and heart disease was found (PM1 0.54-0.77).
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Figure 4. Theme distribution. P(t|d): probability of theme given disease; COPD: chronic obstructive pulmonary disease; PMI: pointwise mutual

information.

P(themeldisease)

News
Research [ P(tld)
Slang or pop-reference 0.25
Environment ’
Diagnosis and survivorship [ - 020
Treatment [ B 0.15
Diet and prevention 0.10
Awareness ]
Risk factor B 0.05
Personal experience [l [ |
o S 2 @ &2 & & N N NN
FEF S FEELESEEEEE
v O R F P PR PR
Q<\Q®<\ é\,\/Q)Q,{\\Q.\Q,&Q,,(\
M A S
@ N VU@ @
oy
R
Pointwise Mutual Information
News
Research PMI
Slang or pop-reference = 10
Environment
Diagnosis and survivorship B 0.5
Treatment 0.0
Diet and prevention
Awareness - =05
Risk factor |
Personal experience
o S Q2 @ & 2 NN NS A
R EF S FELEEE LI
@ O B & SEFFTLPFR PR
Q(\,G é\'\/‘z"%*@’\\\c"@'\‘\
X X\ VY@ @8
Q‘b

Discussion

Principal Findings

There is increasing focus on the potential for big data from
digital sourcesin health care. There are challenges associated
with using these sources, as they are not always collected for
the purposes of health tracking.

We explored the potential for using Twitter to better understand
the Web-based conversation about common health conditions.
We identified that in some cases, traditional health metrics are
associated with the volume of tweets for a given disease.
Although traditional methods of determining disease prevalence
are robust, they are often delayed in availability because the
process for data acquisition and tracking to determine reliable
and valid estimates is considerable. Twitter data are available

http://publichealth.jmir.org/2018/4/e10834/

RenderX

in real-time, much faster than traditiona methods, and with
significant volume providing a measure of public discourse
about health. While tweets would not replace traditional
surveillancein theway initialy posed by Googleflu trends[14],
they do provide something unique that prevalence statistics do
not; a narrative about patient and public thoughts, knowledge,
and experiences with health. Twitter provides context to the
conversation surrounding disease and alowsfor characterization
of public discussion of high prevalence conditions. Weidentified
that individuals are using Twitter to talk about several diseases,
although variation exists in the frequency of disease mention
and the content.

We observed that people are using Twitter for talking about the
most common health conditions in Pennsylvania. Prior work
has demonstrated the use of Twitter to monitor influenza[15],
postpartum depression [16], concussion [17], epilepsy [18], and
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migraine [19]. The prevalence of disease has been correlated
with the frequency of Twitter posting acrossavariety of diseases
[13,20].

We aso identified variability in disease mentions and the
specificity of terms. This finding provides us with several
insights. First, heart disease and stroke cannot be analyzed
without preprocessing owing to the ambiguity of many of the
keywords associated with the diseases. To resolve these varying
issues, other methods will need to be developed to filter out
much of the noi se associated with these diseases. However, this
finding al so assures usthat the mgjority of thelanguage wefind
associated with other diseases can be analyzed using the open
vocabulary methods previously described with minimal
preprocessing.

Although disease prevalence often coincides with disease
mention on Twitter, we found significant variability. The
frequency of mentions of breast cancer on Twitter was severa
orders of magnitude higher than lung cancer, athough lung
cancer has a higher rate of death and relatively similar
prevalence. Breast cancer has a large social media presence
owing to awareness and charity campaignsin conjunction with
a large community base from those affected by the disease.
Lung cancer is tweeted about less often and is often the result
of apop culture reference from television or a celebrity death.

Traditional metrics provide detailed information about
prevalence but not insights about people’s understanding,
concerns, and questions about health and disease. Our analysis
identified severa underlying themes that are specific to some
diseases. Asthma tweets included references to personal
experiences for both the person with asthma as well as parents
expressing concernfor their children’sasthmaissues. Although
the largest portion of tweets for the different types of cancer
analyzed often referenced charity and awareness, we observed
that across diseases in our sample, cancer conditions had the
largest portion of tweets about diagnosis.

Our findings also give insight into potential opportunities for
using Twitter to inform public health and health communications
practices. Future work could examine temporal relationships
between Twitter volume and semantic dataand traditional health
data over larger timeframes and at varying timescales.
Meaningful temporal relationships may indicate that Twitter
data have value as an additional signal to augment existing
surveillance systems, allowing for more precise health tracking
and timely interventions.

Twitter data could enhance community building and
engagement. Prior work by Neiger et al [21,22] found that more
two-way communication on Twitter between public health
entities and individual citizens led to an increase in action and
awareness that, in turn, resulted in an improvement in
community health. Providing local and state public health
entities with more accurate information on the public discourse
surrounding health could enhance communi cation and contribute
to the more effective dissemination of pertinent and timely
health information to the public.

Finally, understanding the interaction between social mediause
and individual health can identify opportunities for targeted

http://publichealth.jmir.org/2018/4/e10834/
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interventions. Prior work by Park et a [23] showed that
interventionstargeting the perception of social mediainteraction
have the potential to positively impact individual health. We
have shown that it is possible to capture a measure of public
perception of individual diseases at the community level via
analysis of topics and themes. These methods can be trandlated
to individual subjects, where disease perceptions could be
tracked over time and compared with actual measures of health,
potentially identifying opportunities for intervention.

Limitations

We compared data from Twitter for 2012-2015 with disease
preval ence from 2014, so there may be some variability by year
in these estimates. We evaluated unadjusted data from 1 state,
so this may not be representative of the conversation about
health conditions across other states or geographic regions.
Twitter data primarily originate from urban areas; hence, data
may not be the most representative sample across the state of
Pennsylvania. Future work could explore variationsin language
on Twitter relative to the size of geographic regions,
socioeconomic factors (eg, race, income, urban or rura), and
variations in news events or other triggers. Although our
correction method eliminates nondisease references, it does not
account for metaphorical and joking tweets. This impacts
diseases such as heart disease, diabetes, and hypertension.

The precision of the disease keyword filtering, which is the
number of selected tweets that were relevant, is reasonably
estimated by the corrected message count. However, the recall
of the disease keyword filtering, which isthe number of relevant
tweets that were selected, is difficult to determine owing to the
nature of the dataand the subjectivity of relevancein the context
of health-related tweets. Hopkins et al [24] provides 3 different
models for estimating recall: a hand-coding approach similar
to the corrected message count presented here, a supervised
learning approach for individual document classification, and
asupervised learning approach to estimate document category
proportions. Evaluating these methods in terms of cost and
accuracy is beyond the scope of this study but should be
considered for future work to provide more robust measures of
keyword-filtered data quality.

Location identification accuracy is difficult to measure for
user-defined locations owing to the relative ambiguity of the
data provided. The procedures used to estimate user-defined
location provide a “soft” measure of accuracy, but more work
is needed to ensure appropriate representation. Additionally, a
very small proportion of tweets contains location information,
thus, the sample may not be representative of the general Twitter
landscape in Pennsylvania. Methods such as those detailed in
Liang et al [25] should be considered in future studiesto correct
for sampling bias.

Conclusions

We identified that the volume of tweets is often related to rates
of health conditions across a state. The semantic content
provided from Twitter provides insight into public perception
and awareness of disease beyond what is available through
traditional measures of disease prevalence.

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 |e10834 | p.106
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Tuftset al

Acknowledgments

This project isfunded, in part, under agrant with the Pennsylvania Department of Health. The Department specifically disclaims
responsibility for any analyses, interpretations, or conclusions.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Consumer Health Vocabulary search terms: This study focuses on 14 diseases and each disease is represented by a lexicon of
disease related terms. The appendix contains each of the 14 diseases along with the 274 terms which comprise the lexica

[XLSX File (Microsoft Excel File), 55K B - publichealth v4i4e10834 appl.xlsx ]

Multimedia Appendix 2
Correlation between topic and disease.

[PNG File, 940KB - publicheslth_v4i4e10834_app2.png ]

References

1.  Prieto VM, Matos S, Alvarez M, CachedaF, Oliveira JL. Twitter: agood place to detect health conditions. PLoS One 2014
Jan;9(1):e86191 [FREE Full text] [doi: 10.1371/journal.pone.0086191] [Medline: 24489699]

2. Bysenbach G. Infodemiology and infoveillance: framework for an emerging set of public health informatics methods to
analyze search, communication and publication behavior on the Internet. JMed Internet Res 2009;11(1):e11 [FREE Full
text] [doi: 10.2196/jmir.1157] [Medline: 19329408]

3. LaranjoL, Arguel A, Neves AL, Gallagher AM, Kaplan R, Mortimer N, et al. The influence of social networking sites on
health behavior change: a systematic review and meta-analysis. JAm Med Inform Assoc 2015 Jan;22(1):243-256. [doi:
10.1136/amiajnl-2014-002841] [Medline: 25005606]

4.  Wehner MR, Chren MM, Shive ML, Resneck JS, Pagoto S, Seidenberg AB, et a. Twitter: an opportunity for public health
campaigns. Lancet 2014 Jul 12;384(9938):131-132. [doi: 10.1016/S0140-6736(14)61161-2] [Medline: 25016994]

5.  LeedL, DeCamp M, Dredze M, Chisolm MS, Berger ZD. What are health-related users tweeting? A qualitative content
analysis of health-related users and their messages on twitter. JMed Internet Res 2014;16(10):e237 [FREE Full text] [doi:
10.2196/jmir.3765] [Medline: 25591063]

6. Hill S, Merchant R, Ungar L. Lessons Learned About Public Health From Online Crowd Surveillance. Big Data 2013 Sep
10;1(3):160-167 [FREE Full text] [doi: 10.1089/big.2013.0020] [Medline: 25045598]

7.  Eichstaedt JC, Schwartz HA, Kern ML, Park G, Labarthe DR, Merchant RM, et a. Psychological language on Twitter
predicts county-level heart disease mortality. Psychol Sci 2015 Feb;26(2):159-169 [FREE Full text] [doi:
10.1177/0956797614557867] [Medline: 25605707]

8.  Preotiuc-Pietro D, Samangooei S. Trendminer: An architecture for real time analysis of social mediatext. 2012 Presented
at: Sixth Int AAAI Conf Weblogs Soc Media; 2012; Dublin, 1E p. A URL: http://www.aaai.org/ocs/index.php/| CWSM/
| CWSM 12/paper/downl 0ad/4739/5087

9.  Collaborative Consumer Health Vocabulary Initiative, Biomedical Informatics Department University of Utah. Consumer
Health Vocabulary Initiative. 2018. URL : http://consumerheal thvocab.chpc.utah.edu/CHV wiki/ [WebCite Cache ID
6yovtPEFZ]

10. Schwartz H, Eichstaedt J, Kern M, Dziurzynski L, Lucas R, Agrawal M, et al. Characterizing geographic variation in
well-being using tweets. 2013 Presented at: Seventh Int AAAI Conf Weblogs Soc Media. ;(June); 2013; Boston, MA p.
583-591.

11. Schwartz HA, Eichstaedt JC, Kern ML, Dziurzynski L, Ramones SM, Agrawal M, et a. Personality, gender, and age in
the language of social media: the open-vocabulary approach. PLoS One 2013 Sep;8(9):€73791 [FREE Full text] [doi:
10.1371/journal .pone.0073791] [Medline: 24086296]

12. Healthcare Cost and Utilization Project (HCUP). Rockville, MD: Agency for Healthcare Research and Quality URL : https:/
/www.ahrg.gov/data/hcup/index.html [accessed 2018-10-10] [WebCite Cache ID 7341X2AiT]

13. Weeg C, Schwartz HA, Hill S, Merchant RM, Arango C, Ungar L. Using Twitter to Measure Public Discussion of Diseases:
A Case Study. IMIR Public Health Surveill 2015 Jun 26;1(1):€6. [doi: 10.2196/publichealth.3953]

14. Ginsberg J, Mohebbi MH, Patel RS, Brammer L, Smolinski MS, Brilliant L. Detecting influenza epidemics using search
engine query data. Nature 2009 Feb 19;457(7232):1012-1014. [doi: 10.1038/nature07634] [Medline: 19020500]

http://publichealth.jmir.org/2018/4/e10834/ JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 [e10834 | p.107
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v4i4e10834_app1.xlsx&filename=288b30d933ddde484df4e4da54603542.xlsx
https://jmir.org/api/download?alt_name=publichealth_v4i4e10834_app1.xlsx&filename=288b30d933ddde484df4e4da54603542.xlsx
https://jmir.org/api/download?alt_name=publichealth_v4i4e10834_app2.png&filename=504b1cb57721ceec2c3ea60439552c3a.png
https://jmir.org/api/download?alt_name=publichealth_v4i4e10834_app2.png&filename=504b1cb57721ceec2c3ea60439552c3a.png
http://dx.plos.org/10.1371/journal.pone.0086191
http://dx.doi.org/10.1371/journal.pone.0086191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24489699&dopt=Abstract
http://www.jmir.org/2009/1/e11/
http://www.jmir.org/2009/1/e11/
http://dx.doi.org/10.2196/jmir.1157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19329408&dopt=Abstract
http://dx.doi.org/10.1136/amiajnl-2014-002841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25005606&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)61161-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25016994&dopt=Abstract
http://www.jmir.org/2014/10/e237/
http://dx.doi.org/10.2196/jmir.3765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25591063&dopt=Abstract
http://europepmc.org/abstract/MED/25045598
http://dx.doi.org/10.1089/big.2013.0020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25045598&dopt=Abstract
http://europepmc.org/abstract/MED/25605707
http://dx.doi.org/10.1177/0956797614557867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25605707&dopt=Abstract
http://www.aaai.org/ocs/index.php/ICWSM/ICWSM12/paper/download/4739/5087
http://www.aaai.org/ocs/index.php/ICWSM/ICWSM12/paper/download/4739/5087
http://consumerhealthvocab.chpc.utah.edu/CHVwiki/
http://www.webcitation.org/6yovtPEFZ
http://www.webcitation.org/6yovtPEFZ
http://dx.plos.org/10.1371/journal.pone.0073791
http://dx.doi.org/10.1371/journal.pone.0073791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24086296&dopt=Abstract
https://www.ahrq.gov/data/hcup/index.html
https://www.ahrq.gov/data/hcup/index.html
http://www.webcitation.org/734IX2AiT
http://dx.doi.org/10.2196/publichealth.3953
http://dx.doi.org/10.1038/nature07634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19020500&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Tuftset al

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

Paul M, Dredze M. You are what you Tweet: Analyzing Twitter for public health. 2011 Presented at: Fifth Int AAAI Conf
Weblogs Soc Media; 2011; Barcelona, Spain.

De Choudhury M, Counts S, Horvitz E. Predicting postpartum changes in emotion and behavior viasocial media. 2013
Presented at: SIGCHI Conf Hum Factors Comput Syst; 2013; Paris, France p. 3267.

Sullivan SJ, Schneiders AG, Cheang C, Kitto E, Lee H, Redhead J, et al. "What's happening? A content analysis of
concussion-rel ated traffic on Twitter. Br J Sports Med 2012 Mar;46(4):258-263. [doi: 10.1136/bjsm.2010.080341] [Medline:
21406451]

McNeil K, BrnaPM, Gordon KE. Epilepsy in the Twitter era: a need to re-tweet the way we think about seizures. Epilepsy
Behav 2012 Feb;23(2):127-130. [doi: 10.1016/j.yebeh.2011.10.020] [Medline: 22134096]

Nascimento TD, DosSantos MF, Danciu T, DeBoer M, van Holsbeeck H, Lucas SR, et a. Real-time sharing and expression
of migraine headache suffering on Twitter: a cross-sectional infodemiology study. JMed Internet Res 2014 Apr;16(4):e96
[FREE Full text] [doi: 10.2196/jmir.3265] [Medline: 24698747]

Young SD, Rivers C, Lewis B. Methods of using real-time social mediatechnologies for detection and remote monitoring
of HIV outcomes. Prev Med 2014 Jun;63:112-115 [ FREE Full text] [doi: 10.1016/j.ypmed.2014.01.024] [Medline: 24513169]
Neiger BL, Thackeray R, Burton SH, Thackeray CR, Reese JH. Use of twitter among local health departments: an analysis
of information sharing, engagement, and action. JMed Internet Res 2013;15(8):e177 [FREE Full text] [doi:
10.2196/jmir.2775] [Medline: 23958635]

Thackeray R, Neiger BL, Burton SH, Thackeray CR. Analysis of the purpose of state health departments' tweets: information
sharing, engagement, and action. JMed Internet Res 2013;15(11):e255 [FREE Full text] [doi: 10.2196/jmir.3002] [Medline:
24217361]

Park J, Lee DS, Shablack H, Verduyn P, Deldin P, Y barra O, et al. When perceptions defy reality: The relationships between
depression and actual and perceived Facebook social support. J Affect Disord 2016 Aug;200:37-44. [doi:
10.1016/j.jad.2016.01.048] [Medline: 27126138]

Hopkins D, King G. A Method of Automated Nonparametric Content Analysisfor Social Science. Am J Political Sci
2010;54:229-247.

Liang H, Shen F, Fu K. Privacy protection and self-disclosure across societies: A study of global Twitter users. New Media
& Society 2016 May 12;19(9):1476-1497. [doi: 10.1177/1461444816642210]

Abbreviations

API: application programming interface
COPD: chronic obstructive pulmonary disease
L DA: latent Dirichlet allocation

PMI: pointwise mutual information

Edited by G Eysenbach; submitted 20.04.18; peer-reviewed by B Hoffman, H Liang; comments to author 07.06.18; revised version
received 18.07.18; accepted 23.07.18; published 06.12.18.

Please cite as:

Tufts C, Polsky D, Volpp KG, Groeneveld PW, Ungar L, Merchant RM, Pelullo AP

Characterizing Tweet Volume and Content About Common Health Conditions Across Pennsylvania: Retrospective Analysis
JMIR Public Health Surveill 2018;4(4):e10834

URL: http://publichealth.jmir.org/2018/4/e10834/

doi:10.2196/10834

PMID: 30522989

©Christopher Tufts, Daniel Polsky, Kevin G Volpp, Peter W Groeneveld, Lyle Ungar, Raina M Merchant, Arthur P Pelullo.
Originally published in IMIR Public Health and Surveillance (http://publichealth.jmir.org), 06.12.2018. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR
Public Health and Surveillance, is properly cited. The complete bibliographic information, alink to the original publication on
http://publichealth.jmir.org, as well as this copyright and license information must be included.

http:/publicheslth.jmir.org/2018/4/10834/ JMIR Public Health Surveill 2018 | vol. 4| iss. 4 [e10834 | p.108

(page number not for citation purposes)


http://dx.doi.org/10.1136/bjsm.2010.080341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21406451&dopt=Abstract
http://dx.doi.org/10.1016/j.yebeh.2011.10.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22134096&dopt=Abstract
http://www.jmir.org/2014/4/e96/
http://dx.doi.org/10.2196/jmir.3265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24698747&dopt=Abstract
http://europepmc.org/abstract/MED/24513169
http://dx.doi.org/10.1016/j.ypmed.2014.01.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24513169&dopt=Abstract
http://www.jmir.org/2013/8/e177/
http://dx.doi.org/10.2196/jmir.2775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23958635&dopt=Abstract
http://www.jmir.org/2013/11/e255/
http://dx.doi.org/10.2196/jmir.3002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24217361&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2016.01.048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27126138&dopt=Abstract
http://dx.doi.org/10.1177/1461444816642210
http://publichealth.jmir.org/2018/4/e10834/
http://dx.doi.org/10.2196/10834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30522989&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Aoki et a

Original Paper

Analysis of the Regionality of the Number of Tweets Related to
the 2011 Fukushima Nuclear Power Station Disaster: Content
Analysis

Tomohiro Aoki', MHS, MBA; Teppei Suzuki?, MBA, MHS; Ayako Yagahara®, PhD; Shin Hasegawa', M'S; Shintaro
Tsuji?, PhD; Katsuhiko Ogasawara?, PhD, MBA

1Graduate School of Health Sciences, Hokkaido University, Sapporo, Japan
2Faculty of Health Sciences, Hokkaido University, Sapporo, Japan
3Department of Radiological Technology, Hokkaido University of Science, Sapporo, Japan

Corresponding Author:
Katsuhiko Ogasawara, PhD, MBA
Faculty of Health Sciences
Hokkaido University

N12- W5, Kitarku

Sapporo, 060-0812

Japan

Phone: 81 11 706 2823

Fax: 8111 706 2823

Email: oga@hs.hokudai.ac.jp

Abstract

Background: The Great East Japan Earthquake on March 11, 2011, triggered a huge tsunami, causing the Fukushima Daiichi
nuclear disaster. Radioactive substances were carried in all directions, along with the risks of radioactive contamination. Mass
media companies, such as television stations and news websites, extensively reported on radiological information related to the
disaster. Upon digesting the avail able radiol ogical information, many citizensturned to social media, such as Twitter and Facebook,
to express their opinions and feelings. Thus, the Fukushima Daiichi nuclear disaster also changed the social medialandscapein
Japan. However, few studies have explored how the people in Japan who received information on radiation propagated the
information.

Objective: This study aimed to reveal how the number of tweets by citizens containing radiological information changed
regionally on Twitter.

Methods: The research used about 19 million tweets that included the terms “radiation,” “radioactivity,” and “radioactive
substance” posted for 1 year after the Fukushima Daiichi nuclear disaster. Nearly 45,000 tweets were extracted based on their
inclusion of geographic information (latitude and longitude). The number of monthly tweetsin 4 districts (Fukushima Prefecture,
prefectures around Fukushima Prefecture, within the Tokyo Electric Power Company area, and others) were analyzed.

Results: The number of tweets containing the keywords per 100,000 people at the time of the casualty outbreak was 7.05 per
month in Fukushima Prefecture, 2.07 per month in prefectures around Fukushima Prefecture, 5.23 per month in the area within
Tokyo Electric Power Company, and 1.35 per month in others. The number of tweets per 100,000 people more than doubled in
Fukushima Prefecture 2 months after the Fukushima Daiichi nuclear disaster, whereas the number decreased to around 0.7~0.8
tweets in other districts.

Conclusions: The number of tweets per 100,000 people became half of that on March 2011 3 or 4 months after the Fukushima
Daiichi Nuclear Plant disaster in 3 districts except district 1 (Fukushima Prefecture); the number became a half in Fukushima
Prefecture half ayear later.

(JMIR Public Health Surveill 2018;4(4):e70) doi:10.2196/publichealth.7496

KEYWORDS
Fukushimanuclear disaster; Twitter messaging; radiation; radioactivity; radioactive hazard rel ease; geographic location; information
dissemination
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Introduction

Fukushima Daiichi Nuclear Disaster

OnMarch 11, 2011, the Great East Japan Earthquake struck off
the coast of Tohoku, bringing a huge tsunami that brought
catastrophic destruction along the Pacific-facing coast of Tohoku
and Kanto regions, causing the Fukushima Daiichi nuclear
disaster. As aresult, a large quantity of radioactive materials
leaked, causing radioactive pollution of thewater. Theradiation
levels caused by the Fukushima Daiichi nuclear disaster
threatened not only human health but al so agriculture and fishing
industry. Further, it had psychol ogical impacts onthelong-term
refugees forced to leave their homes within the
“difficult-to-return zone” or “restricted residence zone” in the
areas surrounding the Fukushima Nuclear Power Plant.

Information Diffusion

Soon after the disaster, public opinions are formed through
various platformsincluding social network services (SNS) [1].
The Fukushima Daiichi nuclear disaster was reported
immediately by the mass media, including newspapers, TV
stations, and internet news sites. Citizens witnessed theterrible
sight of the nuclear plant disaster and |earned the radiation dose
in various areas, along with other information on radiation.
Many expressed their emotions and opinions related to the
nuclear plant disaster and radiation aswell as shared information
on the same using SNS, such as Twitter and Facebook.
Therefore, information spread rapidly.

The information sharing on social media had far-reaching
positive impacts, including real-time property and high
diffusibility. Thus, consumers of information are simultaneously
contributors of information [2]. However, it became a problem
at the Fukushima Daiichi nuclear disaster that the information
that spread rapidly included misleading reports such as claims
that iodine is useful for treating radioactivity as a replacement
of stable iodine. Stable iodine is used for thyroid exposure
reduction under adoctor’s prescription, but iodine was used for
aperson who did not haveto takeit. Taking in atoxic substance
included iniodine and iodinein large quantities caused ahealth
risk. People need to obtain correct information quickly in times
of disasters, such asthe FukushimaDaiichi nuclear disaster. As
mentioned above, however, incorrect information on the
radiation spread rapidly aswell.

For confirmed truths and false rumor propagation in socia
media, false rumorstend to receive more questions; thus, it has
been reported that it is possible to distinguish between them
[3]. Inaddition, it has been reported that inaccurate information
on social mediaislater modified by other users, so harmful and
incorrect rumors are not particularly enhanced by using social
media[4].

However, to distinguish between confirmed truths and false
rumors, it is necessary to gather a lot of data using aggregate
analysisof social media. Real-timefalseinformation and rumors
at thetime of adisaster requiretimeto be modified by confirmed
truths, so it isexpected that they will possibly lead to temporary
confusion and harm. The spread of wrong information on
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radiation was regarded as a problem in the Fukushima Daiichi
nuclear disaster. Incorrect information needs to be addressed to
ensure that citizens are not confused when a disaster such as
the Fukushima Daiichi nuclear disaster occurs. We believe that
it is necessary for citizens to get accurate medical information
quickly in the event of a catastrophe.

Twitter

Twitter was the largest microblogging service, with about 200
million users, as of March 2011 [5]. Twitter is an information
service through which users can post short messages called
“tweets” Tweets are short but condensed personal messages
with a 140-character limit designed for rapid reporting from
mobiledevices[6]. In Twitter, for the purpose of reading tweets,
it is necessary to follow the users. Thus, the users can read
tweets posted by followees (following users) and propagate
information by showing the timeline of the follower (followed
users) tweets posted by oneself. Posted tweets are displayed on
thefollower’stimelinein achronological order and are updated
dynamically. Thus, tweets can be read by several followers
immediately as they are posted.

Information on Twitter is characterized by its real-time
availability and high information propagation power. Astweets
must be not more than 140 charactersin length, posting iseasier
compared with other SNS types. Users can post daily events
and random thoughts as well as obtain regional information
immediately. Compared with other SNS types, approva is
unnecessary for following relations on Twitter, and information
can be acquired easily according to one'sinterest except where
a user opts to maintain a private timeline. In addition,
information spreads easily through the “retweet” function that
enables users to quote others' tweets. Other features include
embedding of geographic information (latitude and longitude)
in tweets and posting using “bots’ programs that enable
automatic and scheduled posting. Geographic information will
be attached to atweet only if that user permits sending location
information. Figure 1 shows the rate of utilization for each
generation on Twitter [7]. Teenagers are the largest group with
available accessto Twitter, where availability tends to decrease
with age. The usage rate of Twitter varies according to age, and
as the age increases, the utilization rate decreases. The
limitations of Twitter research, in general, are to gather alot of
tweets with geographical information and to surely collect the
tweets of all ages. Therefore, it is difficult for Twitter analysis
to grasp the information dissemination situation of all ages.

Twitter, launched in July 2006, began to be used in Japan on
April 23, 2008. The number of Japanese usersincreased rapidly
after new mobile siteswere established across Japan in October
2009. Figure 2 shows the changes in the number of Twitter
users and Facebook users in Japan [5,8]. The active user is
defined as a monthly active user on Twitter. In March 2011,
the average daily number of tweets reached about 18 million,
and Twitter was used for safety confirmation and information
exchange in the aftermath of the Fukushima Daiichi nuclear
disaster as conventional information and communication
infrastructures suffered severe damage.
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Figure 1. Rate of utilization for each generation on Twitter in Japan.
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Mendoza et a analyzed Twitter information immediately after
the occurrence of 2010 Chile earthquake. Asaresult, it became
clear that the most tweets were generated immediately after the
earthquake occurred [3]. Qu et a conducted information analysis
on the disaster sent by the Chinese microblogging site Sina
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Weibo after the occurrence of Yushu earthquake in 2010. It
became clear that disaster-related situation update messages
were the second most generated tweetg9]. Acar et a reported
that people indirectly influenced by the Great East Japan
Earthquakein 2011 had been tweeting about indirect and future

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 €70 | p.111
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

outcomes of the earthquake, including nuclear plant
disaster-associated risks [10]. These three papers indicate that
tweets on nuclear disaster were transmitted as situation update
information by those who were affected by indirect earthquakes
immediately after the earthquake occurred. Also, it is
conceivable that the number of tweetswill increase as one gets
closer to the disaster occurrence area. Acar et a have reported
that people affected by direct disasters tend to tweet
survival-related topics[10]. People who wereinfluenced by the
direct earthquake would have thought that nuclear disaster
information is a survival-related topic after information on
nuclear plant disaster-associated riskswastransmitted to disaster
occurrence areas through Twitter and media. As a result, it
seems that information on radioactive contamination increased
even in areas affected directly. By this means, tweets on
radioactive contamination are considered to cause regional
differences. Asfor theinformation on radioactive contamination,
it is expected that there will be a change in the amount of
information over time as well as a regiona difference in
information, such as that in the tweet information that has
occurred in the case of a big earthquake so far. However, after
the occurrence of a disaster, analyses of changesin the number
of tweets on regiona radiation information and regional
differences have not been conducted.

Objective

Xin Lu and Christa Brelsford analyzed tweets from February
28to March 7, 2011 (before the Tohoku earthquake on March
11, 2011) and from March 14 to March 21, 2011 (after the
earthquake), reporting distinctive changes in patterns of
interactions in Web-based communities that had been affected
by a natural disaster compared with communities that had not
been affected [11]. Thomson et a analyzed tweets with the
hashtag #fukushima, reporting that close to 70% of
synthesis-derivative tweets (whereby tweets and other
third-party-sourced information is passed on wholesale) were
based on highly credible sources [12,13]. However, at thetime
of the disaster, there were few studies that investigated the
temporal changein tweet number and itsregionality with respect
to radiation emitted among Japanese people. This study aimed
to reveal how the number of tweets by citizens containing
radiological information changed regionally on Twitter.

Methods

Research Objects

We analyzed 45,829 tweets, extracted from approximately 19
million tweetsthat contained any or all of theterms*“radiation,”
“radioactivity,” and “radioactive materials’ and that were posted
from 0:00 on March 11, 2011, to 23:59 March 10, 2012, on
Twitter, as research objects. These tweets were chosen based
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on containing latitude and longitude information. The total
population in each prefecture was used for the total population
in each district [14].

Classification of Districts

Japan was classified into 5 districts in reference to use trend
analysis of Twitter after the Great East Japan Earthquake [15].
Table 1 and Figure 3 show the definition and classification of
the digtricts.

Fukushima Prefecture with the FukushimaNuclear Power Plant
wasthe catastrophic areaset asdistrict 1. The prefectures around
district 1 were the damaged areas categorized under district 2.
The prefectures receiving electric power supply from Tokyo
Electric Power Company, excluding district 1 and 2, were the
indirectly damaged areasincluded in district 3. The prefectures
outside districts 1 to 3 were the nondisaster areas set as district
4. Finally, areas outside Japan were the other areas categorized
asdistrict 5. The study specified the places where tweets were
posted according to their geographic information (latitude and
longitude). Usoinfo reverse geocoder version 1.1 software was
used to convert latitude and longitude information into the
address of acorresponding point [16]. Thedistrictswhere tweets
were posted were then specified according to their addresses,
and their distribution was mapped. This study did not use the
tweetsin district 5.

Comparison of Number of Tweets per 100,000 People
in Each District

This study compared the number of tweets per 100,000 people
every 1 month to solve the problem that the population was
different in each district. In each district, the number of tweets
in 1 month in apopulation of 100,000 people was counted using
the total population and number of tweets in 1 month in each
district. A month was defined as a 30-day period, beginning
from 00:00 of March 11 to 23:59 of the 29th day; that is, the
second month started at 0:00 of April 11 and so on. The study
comprised 3 steps. First, we visualized how the number of tweets
per 100,000 people in each district changed with each passing
month after the FukushimaNuclear Plant disaster. The districts
were then compared in terms of tweeting trends. Second, we
excluded bots to compare only the tweets posted by actual
citizens for each district and visualize the changesin the civic
interest toward radiation. Third, we compared the number of
tweets based on that of tweetsin March in each district shortly
after the start of the Fukushima Nuclear Plant disaster. The
relative number of tweets every month was then calculated to
express the increase and decrease in the number of tweets. The
percentages informed a visualization of how the number of
tweets in each district changed after the Fukushima Nuclear
Plant disaster, including the tweet to population ratio.
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Table 1. Definition and classification of the districts of Japan according to trend analysis of Twitter after the Great East Japan Earthquake.

District Definition Prefectures

District 1 Catastrophic area (Fukushima Nuclear Power Plant location) Fukushima

District 2 Damaged area (Prefectures around Fukushima) Miyagi, Yamagata, |baraki, Gumna, Niigata, Tochigi

District 3 Indirectly damaged area (Prefecturesin Tokyo Electric Power Company  Saitama, Chiba, Tokyo, Kanagawa, Yamanashi, Shizuoka
except district 1 and 2)

District 4 Nondisaster area (Prefectures except district 1-3) Other prefectures

District 5 Foreign countries and the sea N/A2

3N/A: not applicable.

Figure 3. Locations of the districts of Japan classified according to trend analysis of Twitter after the Great East Japan Earthquake.
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Results

Total Population and the Number of Tweetsin Each
District

Table 2 showsthe number of tweets and total populationin each
district. Number of tweets was most numerous in district 3
(indirectly damaged area), and population size was greatest in
district 4 (nondisaster ared). Furthermore, tweets per population
was highest in district 1 (catastrophic ared).

Aoki et a

Comparison of Number of Tweets per 100,000 People
in Each District

Figure 4 shows the number of tweets per 100,000 people in
each district. Indistrict 1 (blue line), the number of tweetsrose
rapidly shortly after the Fukushima Nuclear Plant disaster
outbreak. In district 3 (green line), the trend was a gentle rise
throughout the year after the Fukushima Nuclear Plant disaster
outbreak. In district 2 (red line) and 4 (purple ling), the number
of tweets decreased gradually throughout the year after the
Fukushima Nuclear Plant disaster outbreak. Meanwhile, all
districts showed an increase in the number of tweetsin January
2012.

Table 2. Number of tweets and total population in each district according to trend analysis of Twitter after the Great East Japan Earthquake.

District name Number of tweets Population Tweets per population (%)
District 1 1956 2,029,064 0.10
District 2 2042 12,877,060 0.02
District 3 34,152 40,246,646 0.08
District 4 6136 72,904,582 0.01
District 5 1543 N/A2 N/A

3N/A: not applicable.

Figure4. Number of tweets per 100,000 people in each district according to trend analysis of Twitter after the Great East Japan Earthquake.
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Figure5. Number of tweets per 100,000 people in each district according to trend analysis of Twitter after the Great East Japan Earthquake.
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Figure 5 shows the number of tweets per 100,000 people in
each district. Tweets posted automatically were removed. The
dotted lines of the graph express the number of all tweets per
100,000 people, whereas the solid lines express the number of
tweets excluding those posted automatically. A solid line and
adotted line separated by adistanceindicate that the percentage
of tweets posted automatically had the majority in a certain
district. In district 1 (blue lines), the dotted and solid lines
overlap each other at the point where the number of tweets
increased rapidly after the occurrence of first FukushimaNuclear
Power Plant disaster. Therefore, the number of tweetsincreased
in this period because the number of tweets posted by citizens
increased. Meanwhile, in district 3 (green lines), the number of
all tweets per 100,000 people increased through the year, but
the number of tweets excluding those posted automatically
decreased after the FukushimaNuclear Plant disaster. As such,
the number of tweets increased in district 3 because of
automatically posted tweets, but the ratio of tweets posted by
citizens decreased gradually.

Comparison of theRelative Number of Tweetsin Each
District

Figure 6 shows theratio of the number of tweetsin each month
based on the number of tweets in each district when the
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RenderX

Fukushima Nuclear Plant disaster occurred. In district 1 (blue
line), the number of tweetsincreased to about 2.5 times 2 months
after the FukushimaNuclear Plant disaster outbresk. Meanwhile,
indistricts 2 (red line) and 4 (purpleline), the number of tweets
decreased slowly after the Fukushima Nuclear Plant disaster
outbreak. District 3 (green line) showed an increase throughout
the year. All districts showed an increase in the percentage of
the number of tweetsin January 2012.

Figure 7 presents the trends in each district, excluding tweets
posted automatically, based on the number of tweets at thetime
of the Fukushima Nuclear Plant disaster outbresk.

Indistricts 2 (red solid line), 3 (green solid line), and 4 (purple
solid line), the number of tweets decreased to half of that in
March by July (4 months after the Fukushima Nuclear Plant
disaster outbreak). The same decrease was seen in district 1
(bluelines), but in September or half ayear after the Fukushima
Nuclear Plant disaster outbreak. The ratio of the number of
tweets continued to decrease until December, although thistrend
did not apply to district 1 (blue solid line) in January 2012.
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Figure 6. Ratio of the number of tweets in each month based on the number of tweetsin each district at the time of Fukushima Nuclear Plant disaster.
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Figure 7. Ratio of the number of tweets in each month based on the number of tweets in each district at the time of the Fukushima Nuclear Plant

disaster.
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Discussion

Increasein Tweets on Radiation in Each District in
May 2011

In 3 districts (except district 4), the number of tweetsincreased
in May, or 2 months after the Fukushima Nuclear Plant disaster
outbreak. Especially indistrict 1, the number of tweetsincreased
to approximately 2.5 times compared with the March 2011
numbers. This trend coincided with the reports in May on the
meltdown at Fukushima Nuclear Power Station No. 1 that
relayed information on the high concentration of water
contamination from a part of the soil in Fukushima. The main
radioactive nuclide released from the nuclear power plant was
iodine-131, which can increase the risk of thyroid cancer as
epidemiologically demonstrated just after the Chernoby! disaster
[17]. The news aso covered the death of an employee on site
at the FukushimaNuclear Power Plant. These news reports may
have stimulated civic interest in radiation, evidenced by the
increase in number of tweets on the leak of highly concentrated
radioactive materia outside of FukushimaNuclear Power Plant,
on the geographic distance of the nuclear workstations, and on
the healthrisks or potential fatality of radiation in the Fukushima
Nuclear Plant disaster.
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Increasein Number of Tweets on Radiation Dosesin
January in Each District

Automatically posted tweets increased in each district in
January, and many of them indicated radiation dosesin certain
areas. This trend may indicate the uneasiness of the public
regarding radiation, which had been shown to be fatal to
humans. A survey conducted during March 12-15, 2012 on the
internet with 1793 parents with small children living in the
Tohoku region, Kanto region, and Kansai region reported that
atotal of 73.3% of the surveyed Japanese parents experienced
anxiety after the Fukushima Nuclear Plant disaster, and 52.7%
of parents in the Fukushima Prefecture experienced “strong
anxiety” that was higher than that reported from other regions
[18]. A survey to quantify emotional responses for 284 British
nationalsin Japan reported that 16% met the criteriafor distress,
29.7% reported high anxiety relating to theincident, and 30.4%
reported high anger [19]. Therefore, the citizens sought
information on radiation in their area of residencefor their peace
of mind.

According to the needs of the citizens in each district,
municipalities began to measure the radiation dose, and the
results were transmitted through various media. As a result,
tweets on radiation dose increased.

Limitations of the Study
This study has 3 limitations, as detailed below.
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Civic Movement

The study period was set as the year after the disaster occurred.
Inthisperiod, the entry and exit of peopl e happened frequently;
there was fluidity in the tweeting population. Refugees were
moved to shelters; volunteers entered disaster-affected areas,
and nuclear workerswere brought into the plant and itsenvirons.
In other words, the placeswhere citizenslived could be different
from the places where they posted tweets, such as their
workplace.

Immediately after the disaster, migration of citizens is taken
into consideration as it is considered that there are not many
citizensflowing in and out. However, becauseit is thought that
citizenswere flowing in and going out over morethan 1 month,
it isnot possibleto consider this point in this research; thus, we
think that it is necessary to consider countermeasures.

Number of Twitter Users

We used the total population of 47 prefectures to calculate the
number of tweets per 100,000 peoplein each district. However,
the utilization ratio on Twitter differs according to age and is
not equal. Therefore, the differences in the age composition of
the population in each district generated deviation, and theratio
of the number of tweets per 100,000 peoplein each district may
be not representative of the entire population. It would be
necessary to consider the age composition in each district in a
future study.

Number of Tweets With Geographic I nformation

The extracted 45,829 tweets with latitude and longitude
information represent a small fraction of the 18 million tweets
on radiation. Furthermore, the retweets were not given special
attention. In future work, retweets on Twitter merit investigation,
especially the relationship between original tweets and retweets,
to show which tweets attracted public interest with respect to
the need for information on radiation. It is difficult to increase
the number of tweets including latitude and longitude
information. We believe that we can gather more data by

Conflicts of I nterest
None declared.

References

Aoki et a

collecting information on latitude and longitude using
information sent through other SNS and analyzing it along with
Twitter data. In investigating the concern, we think that it is
necessary to analyze the degree of impression of information
on radiation and perform a regionality analysis on ambiguity;
thus, we would like to analyze emotions as well. It is also
necessary to analyze how the interest spreads. In the future, we
also need to investigate the retweet information, which is the
information spreading function of Twitter, and analyze the
communication of medical information on Twitter.

The existence of not only accurate medical information but also
erroneous medical information on the Web may hinder accurate
medical information from being obtained quickly in the event
of a disaster. In this study, tweet information including the
phrases“radiation,” “radioactivity,” and “ radioactive substance”
within the target period was analyzed for the change over time
of the tweet number. However, it seems that the information
includes erroneous medical information. How this kind of
information spreads cannot be clarified in this research. We
would like to clarify how information among users will spread
by analyzing retweet information in the future.

Conclusion

The purpose of this study was to reveal how the dissemination
of information on radiation changed within the year immediately
after the first Fukushima Nuclear Plant disaster. District 1, or
the district closest to the disaster site, showed the highest
frequency of related tweets 2 months after the disaster (up to
June 2011). In districts outside district 1, a high volume of
radiation-related tweets was found only in March 2011, after
which information sharing on this aspect decreased gradually.

The number of tweets per 100,000 people became half of that
on March 2011 3 or 4 months after the Fukushima Daiichi
Nuclear Plant disaster in 3 districts except district 1 (Fukushima
Prefecture 9); the number became half in Fukushima Prefecture
half ayear later.
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Abstract

Background: Generating participant engagement in social media applications for health promotion and disease prevention
efforts is vital for their effectiveness and increases the likelihood of effecting sustainable behavior change. However, there is
limited evidence regarding effective strategies for engaging Latino immigrant youth using social media. As part of the Avance
Center for the Advancement of Immigrant/Refugee Health in Washington, DC, USA, we implemented Adelante, a branded
primary prevention program, to address risk factorsfor co-occurring substance use, sexual risk, and interpersonal violence among
Latino immigrant adolescents aged 12 to 19 years in a Washington, DC suburb.

Objective: The objectives of this study were to (1) characterize Adelante participant Facebook reach and engagement and (2)
identify post content and features that resulted in greater user engagement.

Methods: We established the Adelante Facebook fan page in October of 2013, and the Adelante social marketing campaign
used this platform for campaign activities from September 2015 to September 2016. We used Facebook Insights metrics to
examinereach and post engagement of Adelante Facebook page fans (n=743). Data consisted of Facebook fan page posts between
October 1, 2013 and September 30, 2016 (n=871). We developed a 2-phased mixed-methods analytical plan and coding scheme,
and explored the association between post content categories and features and a composite measure of post engagement using
1-way analysis of variance tests. P<.05 determined statistical significance.

Results: Posts on the Adelante Facebook page had a total of 34,318 clicks, 473 comments, 9080 likes or reactions, and 617
shares. Post content categories that were statistically significantly associated with post engagement were Adelante program
updates (P<.001); youth achievement showcases (P=.001); news links (P<.001); social marketing campaign posts (P<.001); and
prevention topics, including substance abuse (P<.001), safe sex (P=.02), sexually transmitted disease prevention (P<.001), and
violence or fighting (P=.047). Post features that were significantly associated with post engagement comprised the inclusion of
photos (P<.001); Spanish (P<.001) or bilingual (P=.001) posts; and portrayal of youth of both sexes (P<.001) portrayed in groups
(P<.001) that were facilitated by adults (P<.001).

Conclusions: Social mediaoutreach isapromising strategy that youth programs can use to complement in-person programming
for augmented engagement. The Latino immigrant youth audiencein this study had atendency toward more passive socia media
consumption, having implications for outreach strategies and engagement measurement in future studies. While study findings
confirmed the utility of social marketing campaigns for increasing user engagement, findings also highlighted a high level of
engagement among youth with posts that covered casual, day-to-day program activity participation. This finding identifies an
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underexplored area that should be considered for health messaging, and also supports interventions that use peer-to-peer and

user-generated health promotion approaches.

(JMIR Public Health Surveill 2018;4(4):e71) doi:10.2196/publichealth.9332
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social media; health promotion; Latinos; immigrants; adolescent; Hispanic Americans, emigrants and immigrants; adolescent

health

Introduction

Background

Social media has numerous applications for health promotion
and disease prevention efforts, and the benefits of using socia
mediafor public health communication have been documented
[1-4]. Results of health promotion efforts delivered via socia
mediaor using digital technol ogies have demonstrated increases
in health knowledge [5-7], have assisted users with chronic
disease management [8], and have led to improvements in
health-related practices [9,10]. The use of digital technologies,
such as mobile phone-based interventions, has aso achieved
outcomes such as increased adherence to treatments and
increased engagement with behavior changeinterventions[11].
Social media platforms have been highly useful for increasing
peer, social, and emotional support [12-22] and for reaching
marginalized and underserved audiences while al so connecting
low-literacy groups[23-32] to information and resources.

Generating participant engagement is vital for effective health
promotion whereby, through captivating an audience’s attention,
we can go beyond simply reaching an audience to influencing
sustainable changes in health behaviors [33]. However,
engagement is an understudied area, and there are gaps in the
literature regarding strategies that lead to greater engagement,
especialy among underserved populations [34-37]. Research
has indicated that participants are more likely to be engaged
when there is connectivity and multiple points of contact
between participant and program; participation is easy yet
rewarding; and participants are interested in and identify with
the messages being conveyed or a program’'s brand [34].
Engagement of youth populations plays an integra role in
healthy cognitive, social, and emotional development; can
provide opportunities for the acquisition of skillsand increased
confidence; and can result in youth contributing to their
communities [35-45].

Social media has many attributes that may potentially increase
engagement for health promotion and disease prevention
programs. First and foremost, social media is ubiquitous and
can reach very large audiences, enabling broad dissemination
of health information and messaging [46-49]. Socia media
messages can be highly personalized and tailored to the interests
of specific audiences, including peer groups. Socia networks
can also beleveraged to further amplify dissemination, increase
interaction with other users from a targeted group [47,50-53],
and augment the credibility of information shared between
known contacts [54,55]. Importantly, social media can be used
to augment in-person programming to increase the effectiveness
of health promotion programs seeking to change health-related
behaviors [2,4,56-59].

http://publichealth.jmir.org/2018/4/e71/

Similar to the general public, youth populations appear to be
amenableto receiving health-rel ated information on social media
[31,60-62]. Thus, understanding tactics that can increase
engagement in health promotion programsfor young audiences
viasocial mediawill ensure effective use of thistool. Identifying
predictors of sociad media engagement can guide the
devel opment of content and use of featuresthat have high appeal
for young audiences. Past research hasidentified some strategies
for successful user engagement, including encouraging high
levels of socia media activity, individual user interaction, and
interaction through posing questions or calls to action; using
multimedia content; highlighting cel ebrity involvement; tagging
users in posts; targeting messages to specific audiences; using
strategic message framing; leveraging targeted outreach
campaigns; using humor or shock appeals, and storytelling.
However, few studies have focused on social mediaengagement
for Latino immigrant adolescents [63-68].

L atino adolescents are an important and growing population in
the United States. The United States Census Bureau estimated
that, by 2050, Latinoswill constitute 34% of the US adol escent
population between the agesof 10 and 19 years[69]. Yet Latino
adol escents continue to experience numerous health disparities,
have more limited engagement in health promotion, and have
lower rates of health care utilization [70-80]. Despite pervasive
accessto mobile technology and widespread use of social media
by Latino adolescents, there is little evidence establishing the
best ways to engage with this audience using social media,
highlighting the importance of further exploration of this area
[1,81-90]. The literature base exploring engagement through
social media of Latino immigrants, a subgroup of Latinos who
have more recently immigrated to the United States, is even
more limited. Theimmigrant subgroup should be distinguished
from Latino subgroups that have a more established presence
in the United States, sometimes for generations. Recent
immigrants tend to be harder to reach with health promotion
programs, since they are more likely to experience a unique set
of risk factorsthat contribute to health disparities[91-93]. Socia
media outreach has the potential to engage Latino immigrant
adolescents in health promotion efforts, contributing to
youth-centered initiatives that use tested engagement strategies
and more meaningful experiencesfor thisgroup of young people
[38].

Objective

In this study, we explored Facebook engagement for a branded
primary prevention intervention for Latino immigrant youth,
called Adelante [94]. The study aims were to (1) characterize
Adelante participant Facebook reach and engagement and (2)
identify post features and content that resulted in greater user
engagement. Ultimately, we sought to formulate predictors of
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user engagement that would inform future prevention
programming and youth outreach strategies using social media.

Methods

Adelante Youth I ntervention and Social Media

We developed and implemented the 4-year Adelante primary
prevention program to address risk factors for co-occurring
substance use, sexua risk, and interpersonal violence among
Latino immigrant adolescents, aged 12 to 19 years, living in
Langley Park, Maryland, a community close to Washington,
DC [94]. Adelante was grounded in an adapted positive youth
development (PY D) framework, usingamultilevel, asset-based
approach for risk prevention [95,96]. Adelante addressed the
following PY D constructs: competence, confidence, connection,
and contribution (detailed elsewhere) [94,97]. The Adelante
intervention consisted of in-person youth and parent
programming, case management for high-risk youth and their
families, and a social marketing campaign [98]. Adelante also
applied innovative engagement strategies, whereby in-person
activities intersected with the Adelante social media network,
and participants also created user-generated digital media
content informed by the Adelante brand and a foundation laid
by previous activities and research [94,97-103].

We applied social marketing and branding principles for the
development and implementation of Adelante components that
sought to engage participants in the Adelante brand and
program, increase receptivity to prevention messages, and,
ultimately, improve Latino adol escent risk-preventive attitudes,
norms, and behaviors [104-106]. As part of the overall
engagement strategy, weimplemented a 1-year social marketing
campaign [98] that incorporated digital and print media
advertisements, social media outreach, and the creation of
user-generated content in collaboration with Adelante youth
ambassadors [102]. Given youths affinity for digital media,
the Adelante program had an active social media presence as a
strategy for disseminating prevention messages, engaging the
target youth audience in the Adelante brand, and increasing
peer-to-peer and peer-to-program connectivity.

This study built on previous research by using Facebook
Analytics tools (Facebook, Inc, Menlo Park, CA, USA) to
identify post content and features that were associated with
higher engagement among fans of the Adelante program’s
Facebook page. This study expanded our understanding of
predictors of engagement that can be applied to future health
promotion and disease prevention initiativeswith similar Latino
immigrant audiences.

Study Population

The study population comprised fans of the Adelante Facebook
page, which predominantly included Latino immigrant
adolescents aged 12 to 19 years. We recruited fans from the
in-person Adelante program and their immediate social
networks, which weimplemented in the community of Langley
Park, Maryland. Langley Park is a low-income, mostly
foreign-born (67.6%) Latino (80%) community [107]. A recent
study by Cleary and colleagues estimated that, among adol escent
Latinos aged 12 to 17 years, 66% were recently arrived
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immigrants, having lived in the United Statesfor 3 yearsor less,
with a large representation from El Salvador (46.53%),
Guatemala (32.86%), and Honduras (10.41%; SC, unpublished
data, 2017).

Adelante Program Facebook Fan Page

The Adelante Facebook fan page was established in October
2013, and the Adelante social marketing campaign used this
platform for a portion of the campaign's activities from
September 2015 to September 2016. We used the fan page for
ongoing program-related posts, such asrecruiting for programs
or events; showcasing programmatic activities; disseminating
information about social issuesor initiatives; sharing information
about health, social services, or educational resources and
opportunities; and providing opportunitiesfor Adelante staff or
peers to provide socia support to participants. The social
marketing campaign disseminated health-risk and prevention
information via social media (related to substance use, sexual
risk, and interpersonal violence), and sought to further engage
youth through targeted outreach and messaging using
advertisements and user-generated video content that featured
Adelante youth; contests; highlights of youth stories and
achievements; and links to news stories of interest, websites,
blog posts, and other resources. We also occasionally boosted
posts to explore the utility of this strategy for increasing reach
and engagement.

Data Collection and Metrics

Datafor thisstudy consisted of Facebook posts on the Adelante
fan page between October 1, 2013 and September 30, 2016. We
used Facebook Insights metrics to examine the reach and post
engagement of Adelante Facebook page fans. Metricsfor reach
were number of page fans, number of posts, total reach, organic
reach, and paid reach. Facebook defines reach as “the number
of unique people who see apost” and engagement as “reacting
to, sharing, or commenting or clicking on any content” [108].
Paid reach refersto the number of unigque peoplewho see apost
as aresult of advertisements, whereas organic reach does not
involve advertisements. We created a composite post
engagement dependent variable by summing post clicks,
reactions, comments, and shares. Adelante research methods
and protocols underwent the George Washington University
Ingtitutional Review Board review and approval processfor the
protection of human subjects (study number 111139;
Washington, DC, USA).

Data Analysis

We developed a 2-phased mixed-methods analysis plan that
enabled us to combine quantitative Facebook analytics and
assessment of post featureswith qualitative datafrom Facebook
posts (text, media, and graphics). We exported Facebook data
into an Excel database version 2013 (Microsoft Corporation)
using NCapture (QSR Internationa Pty Ltd). In phase 1, we
coded the data quantitatively using a coding scheme that
assigned numeric values to post features, such as purpose of
the post or language used (Spanish, English, or both; Table 1).
In phase 2, we qualitatively coded post text and media, as well
as text and media of externa linksincluded in the post.
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Table 1. Post content and features coding scheme (phases 1 and 2).
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Phase and content Features

Phase 1
Language used English, Spanish, bilingual
Post tone Positive, negative

Purpose of post

Program announcement, program activity sharing, health or social service promotion, internship or educational

opportunity advertisements, health education or promotion, contest, youth achievement or story highlight, news
story sharing, awareness raising or social issue advocating, and campaign messaging

Phase 2

Prevention topic

Sexual health: sexually transmitted diseases, pregnancy and birth control, safe sex (condom use, abstinence), risk

prevention; violence: partner violence, bullying, peer violence or fighting, risk prevention; substance abuse: factua
information, risks of substance use, risk prevention; mental health: factual information, symptoms, sources of help,

risk prevention

Positive youth development
framework construct

People portrayed

Confidence; contribution (attitudes and action); competence (athletics, civic action, school, family, multicultural
efficacy); connection (romantic partner, community, social and cultural, school, friends and peers, family)

Individuals or groups; gender (male, female, both male and female); adults and youth

Posts were coded according to prevention topic, PY D construct,
people portrayed in the post, and whether the post was boosted
or not (Table 1). For the qualitative coding, we used NVivo
software version 16 (QSR International Pty Ltd). After
qualitative coding was complete, we used NVivo software to
convert qualitative coding to a quantitative format. We then
combined this quantitative dataset with the quantitative dataset
from phase 1 for analysis.

Following data coding, we examined the distribution for the
post engagement dependent variable and al independent
variables. All variables were not normally distributed but did
have a similar pattern (or shape) of distribution. Given the
nonnormal distribution, and with all of the assumptions being
met, we decided to use the nonparametric Mann-Whitney U test
to identify statistically significantly different median scores
between groups (yes or no for a particular post content or
feature) for post content category or feature (dichotomous
independent variables) by post engagement (continuous
dependent variable). We conducted the analysis using IBM
SPSS version 19 (IBM Corporation). P<.05 determined
statistical significance.

Results

The Adelante Facebook page reached a total of 743 fans with
871 posts. The total reach was 247,212 users, including an
organic reach of 163,698 unique users (representing 850 posts)
and apaid reach of 83,514 unique users (representing 21 posts).
A total of 213 posts were made as a part of the 1-year socia
marketing campaign. Regarding overall engagement metrics,
there were 34,318 post clicks, 473 post comments, 9080 post
likes or reactions, and 617 post shares.

http://publichealth.jmir.org/2018/4/e71/

As Table 2 shows, posts that provided updates about program
activities that had occurred recently garnered a lot of interest
from Adelante Facebook fans. These posts tended to occur
during, or immediately following, program activities, and the
posts usually contained photos of youth participating in group
activities that were facilitated by an adult. The images in
program update posts a so portrayed youth enjoying time with
their peersin groups of male and female youth, which reflects
scenarios of how youth in the study community most commonly
socialize. Statistically significant differencesin engagement for
posts targeting PYD constructs of connection-peer and
competence-physical activity can be explained by youths
interest in ahighly popular program activity—soccer teamsand
tournaments—which were promoted on social media (Table 3).
Fanswere a sointerested in seeing youth participating in career
workshops and internships (competence-workplace) and youth
contributing to their communities through volunteering or
community cleanups (contribution-action). Poststhat showcased
Adelante youths' personal stories and achievements were also
engaging to Facebook fans.

Poststhat were part of the Adelante social marketing campaign
wereal so engaging to youth. These posts often contained photos,
videos, and branded advertisements that portrayed local
Adelante youth, whom participants knew firsthand, thus likely
increasing youth interest. These posts also included content that
promoted PYD-informed messages, and disseminated
information related to health promotion and risk prevention.
The most engaging topics included in posts were substance
abuse prevention (a main focus of the Adelante program), safe
sex and sexually transmitted disease prevention, and violence
prevention—specifically, fighting. Topics that were less
engaging were mental health, pregnancy prevention, bullying,
and partner violence, which are very surprising given our
experience working with this population.
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Table 2. Results: post content variables and user engagement.
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Post content (independent variable) Posts, n (%) P value (dependent variable)
Post purpose
Program announcement or reminder 229 (26.3) .53
Program updates 235 (27.0) <.001
Service or resource promotion 89(10.2) 17
Health education or promotion 93 (10.7) .52
Contest 32(3.7) .32
Youth Achievement showcase 49 (5.6) .001
News link 92 (10.6) <.001
Social issue awareness raising 143 (16.4) .79
Campaign post 213 (24.4) <.001
Prevention topic
Substance abuse 73(8.4) <.001
Mental health 46 (5.3) .10
Safe sex 30(34) .02
Sexually transmitted diseases 24 (2.8) <.001
Pregnancy prevention 31(3.6) A1
Violence-bullying 29(3.3) 40
Violence-fighting 13(1.5) .047
Violence-partner 15(1.7) .20
Positive youth development framework constructs
Competence 173 (19.9) 31
Competence-physical activity 30(3.4) .005
Competence-school 24 (2.8) .50
Competence-workplace 40 (4.6) .003
Confidence 172 (19.7) <.001
Connection 365 (41.9) <.001
Connection-family 38 (4.4) 22
Connection-peer 184 (21.1) <.001
Contribution 87 (10.0) .87
Contribution-action 33(3.8) .04

Adelante program participants comprised a mixture of very
recently immigrated adol escentsto the United Statesand dightly
less recently immigrated youth. Given the makeup of the study
community and program partici pants, Adelante staff emphasized
the importance of using a mixed-language strategy for social
media outreach, which mirrored in-person programming. Youth
Facebook fanstended to show more engagement with poststhat
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were either bilingual or in Spanish. Program update posts and
campaign-specific posts incorporated the use of both Spanish
and English, and this approach appears to have resonated well
with this audience. Interestingly, there was no difference in
engagement between posts that had a positive tone and those
that had a negative tone.
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Table 3. Results: post feature variables and user engagement.
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Post feature (independent variable) Posts, n (%) P value (dependent variable)
Multimedia content
Video 88 (10.1) 25
Photo 574 (66.0) <.001
External link 193 (22.2) <.001
L anguage used
English 241 (27.7) .56
Spanish 171 (19.6) <.001
Bilingual 380 (43.6) .001
Post tone
Positive 480 (55.1) .001
Negative 82 (9.4) .001
People portrayed
Female only 108 (12.4) .05
Male only 110 (12.6) 43
Male and female 254 (29.2) <.001
Group of youth 342 (39.3) <.001
Individuals 140 (16.2) .61
Adults 298 (34.2) <.001
Discussion engagement through the Adelante Facebook page. This

Principal Findings

Socia mediause has becomeincreasingly popular among young
audiences, and Latino youth in the United States have been
found to have nearly universal use of social media, making this
method of communication essential for public health programs
targeting this population [79,82]. Youth-oriented programs that
incorporate social media outreach and engagement strategies
extend beyond traditional in-person programming by opening
adoor to youth in the broader community who want and need
health-related programming. This is particularly relevant for
addressing health disparitiesamong popul ations, such asrecently
arrived immigrants, who are more likely to be unaware of or
disengaged from traditional health programming and potentially
experience numerous barriers to participation.

Resultsfor study aim 1 indicate that social media appearsto be
a useful tool for engaging Latino immigrant youth in health
promotion programming. Theselevels of reach and engagement
are on par with those seen in other studies examining health
promotion efforts using socia media [2,57-59,63-66]. Given
that there are limited efforts targeting Latino immigrant
adolescents through social media engagement, it is difficult to
compare engagement observed in this study with that of other
studies. However, this pilot effort serves as a starting point by
which we can gauge reach and engagement of future efforts; it
also provides guidance on content, features, and strategies to
include in subsequent interventions. Despite the existence of
numerous barriers to participation in traditional in-person
programming, we were able to achieve a reasonable level of
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amplified the in-person programming, permitted the
dissemination of branded prevention messages to youth, and
combatted potential social, linguistic, and cultural isolation that
this group of youth experiences through increased interaction
with peers and program implementers in the Adelante digital
network.

When characterizing social mediaconsumption, Adelante youth
Facebook fans tended to be more passive consumers of social
media content, as opposed to active content contributors. Fans
seemed more willing to interact with posts through clicks and
likes but were potentially more hesitant to comment, share posts
with their networks, or independently post user-generated
content. This finding is consistent with other research and the
phenomenon of “online identity management” described by
Fergieet al, whereby youth described acomplex vetting process
to ensurethat social mediacontent they created wasin linewith
their online persona [109]. Future youth programming should
consider thisfinding and take steps to examine the concordance
between youths' personal brands and the established program
brand, and how they intersect. Otherwise, this is a potential
barrier for programs that ask youth to use their personal digital
networksfor dissemination of peer-to-peer prevention messages,
such as the Living the Example youth ambassadors drug
prevention program [110]. The more limited commenting and
sharing by youth in our study may aso indicate a potential
hesitance among youth to be more actively engaged (sharing
and commenting) on fan pagesthat are potentially viewable by
a public audience. Future programs reaching high-risk youth
populations should consider using Facebook closed groups
instead of fan pagesto increasetheinteractivity and engagement
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of youthin the group [111]. In contrast to our previousresearch
with this population, which suggested that this audience would
be interested in social media-based contests, contest-related
posts did not produce significant user engagement. This may
be explained by the audience’s patterns of passive social media
consumption, discussed above. The contests sought to reward
active engagement (likes or reactions, shares, comments, and
user-generated content), but this call to action may have been
incompatible with youth preferences of “lurking” on social
mediainstead of engaging more actively. Future efforts should
consider this potential tendency of passive socia media
consumption when determining programmatic targets and when
deciding on mechanisms to increase engagement (eg, contests,
posing questions, requesting post comments and shares, or use
of closed groups).

Past research has identified some strategies for successful user
engagement, including high sustained levels of social media
activity [63] and targeted social media campaigns[64]. Results
from study aim 2 highlighted that, for this audience, engagement
was achieved both for posts that captured ongoing, day-to-day
Adelante program activities and for planned, targeted socia
marketing campaign poststhat featured local youth in campaign
imagery. Building on this audience's affinity for seeing
themselves and their friendsin posts, youth were more engaged
in posts that highlighted program-related group activities that
showed them and their friends having fun. These posts almost
always included photos of program-related activities, which
included interactive prevention workshops, academic tutoring,
playing sports, user-generated video development, or being
involved in other recreational activities. These posts aso
portrayed youth who were in the Facebook fans' proximal peer
networks and program activities taking place at familiar
locations within their immediate community setting. The
Adelante Facebook page served as a social extension of the
in-person programming, where youth could see their friends
and stay in touch. The success of certain post features, such as
program updates or campaign posts, could be, in part, explained
by the portrayal of recognizable youth from their community
and school, and the use of local community visual imagery. For
future efforts, we recommend collaboration with audience
membersin order to capture compelling imagery for posts and
incorporation of audience-engaged content to result in higher
engagement. We also recommend strategic incorporation of
prevention messaging or other health promotion content into
regular casual, habitual posts that keep participants connected
with their friends. Furthermore, these findings bode well for
interventions seeking to use peer-to-peer models for health
promotion via social media.

Social media has also become an important mechanism for
conveying health information, making audience engagement
paramount for the utility of this strategy [5-7,31,47,60-62].
According to study aim 2 results, posts that resonated with this
audience featured health and prevention information related to
substance abuse, sexually transmitted disease prevention and
safe sex, and violence prevention. Lack of engagement in certain
topics, such as mental health and pregnancy prevention, was
surprising, given that these topics were expressed as priorities
by Adelante youth. Further analysis will be needed to explain
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diminished engagement for these topics. Regardless, we think
that it is important for future efforts to carefully consider how
health information can be packaged to increase the likelihood
that young L atino immigrant audienceswill consumethismedia
and subsequently be exposed to the intended prevention

messaging.

Our campaign formative research indicated that a
mixed-language strategy would be the best option for this
audience. For posts overall, Spanish-language and bilingual
posts were more engaging than English-language posts,
supporting our use of a mixed-language strategy, especially for
communities that are diverse in terms of primary language
spoken (English or Spanish) and have alarge bilingual audience
segment. Higher engagement with Spanish-language content
for posts overall supports the finding from our formative
research, wherewe were advised to “lean” toward more Spanish
if we wanted to reach everyone, with the rationale that even
English-dominant youth understand Spanish. Our prior research
also suggested that the use of positive tone in posts would be
more appealing to youth; however, we did not see any
statistically significant differencesin engagement between posts
with a positive tone and posts with a negative tone.

Limitations
The findings of this study should be interpreted in view of its
limitations. Adelante intervention participants were

predominantly Central American immigrants between the ages
of 12 and 19 years living in a low-income, majority
foreign-born, and Latino community. While study results are
likely useful for research with other Latino adolescent
subgroups, results may not necessarily be generalizableto these
groups. Furthermore, while a sizeable proportion of Adelante
Facebook fans were known participants in the program, some
fans were not; it is possible that some fans who were engaged
through social mediaoutreach were not from our target audience
in terms of geographic location, exact age group, or ethnicity.

Results should also be interpreted within the constraints of the
study’s design; this social media outreach effort was a pilot
demonstration, not astudy of intervention outcomes. Thus, with
no comparison group or behavioral measures, we arelimitedin
the attribution of campaign effectsand in the ability to determine
health behavior change beyond initial engagement. Furthermore,
youth from the target audience were users of numerous social
media platforms, including Snapchat, Instagram, Twitter, and
Kik Messenger, to name afew. The Adelante program did also
cross-promote messages across platforms, particularly on
Instagram and Twitter; however, this study examined only
Facebook posts, which is likely an underrepresentation of
audience engagement with overall Adelante social media
outreach efforts.

Conclusions

Results from this study indicated that the use of socia media
isapromising strategy for engaging young Latino immigrants
in health promotion efforts. Through gaining an understanding
of what post content and features are most appealing to young
L atino audiences, social mediaoutreach programmers can offer
multiple opportunities for addressing health disparities among

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 |e71 | p.126
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

populationswith additional barriersto engagement. Social media
habits that include more passive consumption of posts should
be considered when conceptualizing future social mediaoutreach
strategies and developing measures of engagement that are
appropriate for these passive consumption habits. I nterventions
should consider approachesthat can increase participant comfort
with more active engagement, such as augmenting privacy
through closed social media groups for certain activitieswhere
active engagement is sought. Additionally, social media
prevention messages and posts should be created in collaboration
with community youth, increasing the likelihood that the
messageswill resonate with this audience and will be compatible
with youths' social media engagement habits. This approach
would also be more likely to result in posts with content and
features that are most engaging for the intended audience.

Andrade et al

The literature describes many efforts that seek to disseminate
health-related messaging and engage audiences through formal
social marketing campaigns. While our study confirmed the
utility of campaign posts for youth engagement, our study also
highlighted the high level of appeal of posts that covered more
casual, day-to-day activities of program youth. Youth were
particularly interested in social media postsinsofar asthey were
an extension of the in-person programming: the youth could
seethe activitiesthat were happening, see photos of themselves
or their friends, and feel like part of this peer network. We
recommend that programs include online efforts that intersect
with in-person programming as a strategy to augment youth
engagement. This is a relatively unexplored area that public
health practitioners may consider as a mechanism for
disseminating health promotion and risk prevention messaging.
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Abstract

Background: Knowledge and uptake of high-efficacy HIV prevention strategies such as pre-exposure prophylaxis (PrEP) and
treatment as prevention (TasP) remain low among men who have sex with men (MSM) who are at the highest risk for HIV
infection in the United States. Electronic health (eHealth) interventions are promising tools for disseminating information about
these critical yet underutilized strategies and addressing key barriers to uptake among target populations. However, existing HIV
prevention websites are understudied and uneval uated.

Objective: This study aimed to systematically review and evaluate existing HIV websites that include information about PrEP
or TasP for MSM.

Methods: From March 2018 to May 2018, 2 trained research assistants (RAS) entered relevant key words and phrasesinto 3
commonly used search engines and applied exclusion criteriato all returned resultsto identify 31 websitesincluded in thisreview.
RAsindependently scored each website for authority, usability, interactivity, and PrEP/TasP-rel ated content based on astandardized
rating scale and then averaged the results.

Results: No website received a perfect score in any of the 4 categories, and the average website score was 62% (37/60). Less
than a quarter of the websites (23%, 7/31) received a score of more than 75% (7.5/10) for content. Approximately two-thirds of
the websites (65%, 20/31) received a score of 50% (5/10) or lower for interactivity. The average score in usability was 68%
(6.8/10) and in authority was 69% (6.9/10). Other deficiencies observed included difficulty locating relevant content and lack of
information targeting audiences with the highest likelihood of HIV infection.

Conclusions; Existing HIV prevention websites with information about PrEP or TasP for MSM fail to provide adequate content
aswell as present that content to usersin an interactive and audience-conscious way. Future eHealth interventions should attempt
to rectify these deficiencies to successfully engage and educate MSM at high risk for HIV regarding prevention strategies.

(JMIR Public Health Surveill 2018;4(4):€11384) doi:10.2196/11384
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Introduction

Background

Gay, bisexual, and other men who have sex with men (MSM)
in the United States continue to be disproportionately affected
by HIV and AIDS. Even though MSM make up only 2% of the
national population, they accounted for amost 70% of all new
HIV infections in 2015 [1]. Furthermore, black/African
American and Hispanic/Latino MSM alone accounted for
approximately 70% of those new infections among MSM [1].
The Centersfor Disease Control and Prevention (CDC) predicts
that if new HIV diagnoses persist at current rates, 50% of
black/African American MSM and 25% of Hispanic/Latino
MSM will become infected with HIV in their lifetimes [2].

Pre-exposure prophylaxis (PrEP) and treatment as prevention
(TasP) are 2 high-efficacy approaches recommended by
numerous health organizationsfor addressing the HIV epidemic
among MSM who are high-risk, defined here as MSM from
demographics with high rates of new infections [3,4]. PrEP
involvesthe daily ingestion of an oral single-tablet combination
antiretroviral (ARV) by HIV-negative individual s and has been
consistently shown to decrease thelikelihood of HIV acquisition
by more than 90% if taken as directed [3,5,6]. TasP entails the
use of ARVsby HIV-positiveindividual sto decrease their viral
load and thereby prevent the transmission of HIV and can be
almost 100% effective if the HIV-positive partner’s viral load
is successfully suppressed [4,7,8].

However, uptake of these critical strategiesremains|ow among
those at the highest risk for HIV infection in the United States,
including all MSM and particularly black/African American
and Hispanic/Latino MSM. A recent study of anational cohort
of HIV-negative MSM reported that in 2017 just 13% were on
PrEP, although more than 60% were appropriate candidates[9].

Meanwhile, we were unable to find any peer-reviewed data on
the proportion of HIV-positive MSM nationally who were
engaging in TasP, or who were viraly suppressed and
considered preventing HIV transmission to be a motivation for
their care. Looking at viral suppression data alone, the CDC
reported that as of 2014, just 51% of HIV-positive MSM had a
suppressed viral load [1].

Despite the scarcity of comprehensive data, various studies have
investigated PrEP uptake and viral suppression for particular
racial/ethnic and geographic subgroups of MSM. Based on the
CDC'sguidelines and data, although 44% of people who could
benefit from PrEP were black/African American, just 1% of
those individuals were prescribed PrEP; furthermore, only 3%
of Hispanics/Latinos were prescribed PrEP, despite accounting
for approximately 25% of those who could benefit from a
prescription [10]. Meanwhile, in 2015, black/African American
MSM had the lowest percentages of viral suppression of any
racial or ethnic group, followed by Hispanic MSM [11]. Trends
in uptake also seem to vary by geographic area, adding regional
disparitiesto racial ones. For example, in 2016, 23% of high-risk
MSM reported taking PrEP in Washington state, which ismuch
higher than the national average [12]. Just 4% of young
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black/African American MSM in Atlanta, Georgia, reported
taking PrEP in 2015 [13].

Despite numerous public health campaigns for MSM as well
as a national HIV prevention plan targeting black/African
American and Hispanic/Latino MSM specifically, uptake of
PrEP and TasP by these men remain well below federa
expectations and public health goals [14]. New and innovative
approaches are urgently needed to encourage high-risk MSM
to engage with important and underutilized HIV prevention
strategies. Web-based media currently occupies a central place
in the dissemination of many types of information and has
likewise emerged as ahighly promising option for public health.
Often termed electronic health or eHealth, Web-based
interventions have the potential to help address key barriersto
PrEP and TasP uptake for MSM, even where more traditional
campaigns have had limited successes [15-18].

Among the various barriers to PrEP and TasP use anong MSM
from populations with the highest rates and the highest risk of
HIV infection, previous research has identified a number
specifically related to the presentation of health information.
For example, black/African American and Hispanic/Latino
MSM frequently reference lack of access to health resources
and low health literacy as important obstacles to their
consideration of HIV prevention methods [19-24]. Notably,
eHealth has been found to increase health literacy and is also
highly accessibleto thesetarget populations[25]. Internet access
has become ubiquitous for most Americans, and websites and
mobile apps are consistently utilized by MSM across all racial
and ethnic groups [26-28]. Another commonly cited barrier to
PrEP and TasP uptake among M SM of color isalack of targeted
outreach. Qualitative research among M SM on the acceptability
of eHealth interventions for HIV prevention and treatment
indicates that eHealth would be acceptable to or even preferred
by them [29]. Studies have additionally demonstrated eHealth
to be cost-effective as well as highly acceptable to MSM
[17,30-32].

As a result, biobehavioral HIV researchers have begun using
eHealth to disseminate prevention information to marginalized
populations, and numerous websites dedicated to HIV
prevention currently exist on the internet. However, existing
websitesvary widely in terms of quality and content, and to our
knowledge, they have never been systematically studied or
reviewed.

Objective

The purpose of this systematic evaluation is to assess the
accessibility and breadth of existing websites with information
about PrEP or TasP for MSM, with a focus on the racial and
ethnic groups at the highest risk; use these data to draw
conclusions about the current use of eHealth for HIV prevention;
and form recommendations for future directions.

Methods

Study Design

From March 2018 to May 2018, searches using 9 key words or
phrases (black, African American, Hispanic, Latino, gay,
bisexual, MSM, treatment as prevention, and pre-exposure
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prophylaxis) were conducted on 3 commonly used search
engines (Google, Bing, and Yahoo). To have the broadest reach
while remaining relevant, the terms were entered as follows:
[black OR “African American” OR Hispanic OR Latino] AND
[gay OR bisexual OR “men who have sex with men”] AND
[“treatment as prevention” OR “pre-exposure prophylaxis’].
Race and ethnicity termswere included because the initial goal
of the project wasto look at websites specifically for populations
at the highest risk of HIV infection in the United States, meaning
black/African American and Hispanic/Latino MSM; however,
given how few websites focus on MSM of color, the eligibility
criteria were expanded to websites for MSM more broadly.

The results of these searches were extensively reviewed for
websites that primarily focused on HIV/sexualy transmitted
diseases and prevention methods, provided information on PrEP
or TasP, provided information on MSM (at least 1 paragraph),
appeared to be geared toward patients rather than providers,
and offered an English language version. If websitesidentified
through theinitial search contained linksto additional websites,
the additional websites were also screened for inclusion. The
websites included were determined by 2 trained research

Silverman et al

assistants (RASs) who conducted independent searches, compared
results, and resolved any discrepancies. The process returned
31 websites relevant to this review (refer to Figure 1).

Scoring

The RAs independently scored each website on measures of
usability, authority/credibility, interactivity, and
PrEP-/TasP-related content. The criteria for these 4 categories
were adapted from Whiteley et a’s review of sexua heath
websites for adolescents as well as the American Library
Association Standards for Web Evaluation, where applicable
[33,34]. The scoring categories of usability, authority, and
interactivity were all measured using 10 criteriaworth 1 point
each (contains feature=1, no feature=0) for a possible total of
10 points per category and 30 pointsin combination. The content
of each website was rated on 15 criteria each worth 2 points
(addresses category in-depth=2, addresses category briefly=1,
does not address category=0) for a total of 30 points. RAs
compared scores and resolved differences of 5 or more total
pointsout of the 60 possible pointsthrough discussion. Website
scores were then averaged between RAs and converted into
percentages.

Figurel. Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses (PRISMA) diagram showing the website selection process by 2 raters.

RA: research assistant.
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Website usability ratings were based on whether the website
included working internal hyperlinks (ie, the majority of internal
hyperlinks worked and any broken links did not impair access
to relevant information), working external hyperlinks, a search
mechanism, an option for fewer graphics or text only, an option
for adifferent language or languages, a heading or subheading
referencing PrEP or TasP, a site map, and easily accessible
information on PrEP and/or TasP (ie, information within 2 clicks
from the website homepage) and whether the website did not
require personal user information or additional software.

For authority, each website was rated based on whether it
provided clarity regarding the organization responsible for the
website content, a clear description of the organization’s goals,
enough information to verify the legitimacy of the organization,
a statement that the content of the website had the official
approval of the organization, a statement that the organization
was the copyright holder of the website, authorship of some
content by amedical or health professional, citations or clarity
of authorship of some website content, references to the CDC
guidelines for PrEP or TasP, updated content within the past
year, and updated content within the past 6 months.

Website interactivity was based on inclusion or exclusion of
the following components. video, audio, animation, or
click-through modules; quizzes, polls, or surveys, amobile app
or mobile-adaptive website design; the ability to share
information through email or text; the ability to share
information through social media (eg, Facebook, Twitter); ability
to email or text an expert or volunteer; ability to call or
otherwise speak with an expert or volunteer; available message
board or chat rooms; ability to contact the organization with
guestions; and inclusion of user-generated content in some

capacity.

Content was assessed on the basis of whether the website
included general information about PrEP, general information
about TasP, information about PrEP eligibility, an accurate
definition of PrEP, information about side effects and safety of
PrEP, information about PrEP efficacy, an accurate definition
of postexposure prophylaxis, local testing or provider
information, additional resources, an accurate definition of TasP,
information about TasP efficacy, information about viral load
and being undetectable, information about side effects and safety
of TasP, information that specifically addressed black/African
American individuals, and information that specificaly
addressed Hispanic/Latino individuals. The content criteriawere
taken from the CDC guidelines for PrEP and TasP and
augmented with information from Truvada and the National
Institutes of Health.

Qualitative Analysis

Finally, the results of the scoring process were reviewed, and
themesthat had emerged throughout the search were considered.
The RAs aso assessed whether each website provided
information specifically for black/African and Hispanic/Latino
MSM; for a leshian, gay, bisexual, transgender, queer, and
sexuality/gender-nonconforming (L GBTQ+) audience; and for
people of color (POC) as well as the geographic scope of the
website (ie, whether the information was primarily regional,
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national, or global in scope), and then, they grouped the websites
accordingly. Audience groupings were based primarily on the
mission statementsthe websites provided. Websiteswith mission
statements that discussed targeting LGBTQ+ people, for
example, were placed in the LGBTQ+ audience group. Dueto
the nature of thisreview, we did not need to receive institutional
review board approval.

Results

Main Findings

None of the 31 websites reviewed received a perfect score in
any category. When considered together, the mean total website
score was 62% (37/60). The total website score for individual
websites ranged from a low of 35% (21/60) to a high of 87%
(52/60). Among the 10 websites with the highest scores, 100%
(10/10) scored above average for content, 90% (9/10) for
authority, and 80% (8/10) for interactivity and usability. Of
these websites, 3 websites (Poz, Positively Aware, and Plus
Magazine) were publications providing news and other rel evant
content to people with HIV (refer to Table 1).

The lowest mean category score was in interactivity, with the
average website scoring just 48% (4.8/10) and satisfying less
than one half of the category criteria. Aidsinfo, which received
an interactivity score of 40% (4/10), serves as 1 example of a
websitewith aroughly average level of interactivity. Alongside
many of the other websites, Aidsinfo failed to allow users to
share information through social media, text messaging, or
email; to include nontext content such as video and animation;
and to provide amessage board or other platform for user-driven
commenting. In contrast, The Body and Poz were outliers in
interactivity, with high scores in this category (85%, 8.5/10)
and easy ways of sharing content, surveys or polls, a platform
for users to comment on website content, and even a message
board for conversation between users on user-proposed topics.

Usahility scores averaged 68% (6.8/10). No website required
user information, almost none required additional software, and
most had working internal and externa hyperlinks. However,
several websiteslacked asearch bar, asite map, and/or an option
for adifferent language.

The mean scorefor authority was 69% (6.9/10). BETA, scoring
highly with 85% (8.5/10) in authority, was one of the few
websites to provide alist of authors of website content as well
as authors' medical or health credentials. On the other hand,
even well-designed and aesthetically pleasing websites such as
Keepit Real with PrEP (35%, 3.5/10) failed to provide sufficient
informati on about the organization running the website, citations
or sources, and clarity of authorship. Keep it Real with PrEP
was aso 1 of 4 websites (13%, 4/31) that did not provide
evidence of updated content within the past year, which is
concerning given the consistently changing nature of PrEP and
TasP guidelines. Notably, no website provided a statement
expressing that website content had the official approval of the
organization supporting the website, and a number of websites
included statements explicitly denying responsibility for their
content.
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Table 1. Usabhility, authority, interactivity, and content scores for included websites ranked in descending order.

#  Website Usability? Authority?, Interactivity®  Content?, Total®, Audience
score (%) score (%) score (%) score (%) score (%)

1 TheBody 8(80) 8.5 (85) 8.5 (85) 27 (90) 52 (87) National

2 Poz 7(70) 7.5(75) 8.5 (85) 26 (87) 49 (82) National

3 Aidsmap 8.5(85) 8 (80) 5.5 (55) 25.5 (85) 47.5(79) Global

4 HIV.gov 7(70) 7.5(75) 5 (50) 85 (25.5) 45 (75) National

5  Avert 8(80) 7.5(75) 65 (6.5) 22(73) 44(73) Global

6  Positively Aware 6.5 (65) 8 (80) 4.5 (45) 25 (83) 44.(73) National

7 BETA 5.5 (55) 8.5 (85) 4,5 (45) 25 (83) 435 (73) Regional

8 GMFAY 7.5(75) 7.5(75) 5 (50) 23.5(78) 435 (73) National; LGBTQ+®

9 Plus Magazine 7 (70) 7.5 (75) 6 (60) 22 (73) 42,5 (71) National

10  Project Inform 7(70) 6.5 (65) 5.5 (55) 22(73) 41 (68) Regional

11  Black AIDS Institute 6.5(65) 8.5 (85) 4(40) 21.5(72) 40.5 (68) National; POC’

12 NASTADY 7(70) 7.5(75) 5 (50) 21 (70) 40.5 (68) Global

13 Aidsinfo 7 (70) 7(70) 4 (40) 21.5(72) 39.5 (66) National

14 HIV and Hepatitis 5.5 (55) 8 (80) 3.5(35) 22 (73) 39 (65) Global

15 HIv= 8(80) 7 (70) 5 (50) 19 (63) 39 (65) Global

16  GMHC" 7(70) 8 (80) 3.5(35) 19.5 (65) 38 (63) Regional

17 UNAIDS 6.5 (65) 8 (80) 5.5 (55) 16 (53) 36 (60) Global

18 What Worksin Youth HIV 7 (70) 6 (60) 5.5 (55) 17.5 (58) 36 (60) National

19 Golden Rule Services 6 (60) 6 (60) 35(35) 20 (67) 35.5(59) Regional; POC

20 AVAC 7(70) 8 (80) 4.5 (45) 15,5 (52) 34.5 (58) Global

21  Georgia CAPUSK 5.5 (55) 7 (70) 4 (40) 17.5 (58) 34 (57) Regional

22 Keepit Redl with PrEP 6.5 (65) 3.5(35) 6 (60) 16.5 (55) 32.5 (54) Regional

23 ThePitt Men's Study 6 (60) 6.5 (65) 5 (50) 15 (50) 32.5(54) Regional

24 How | VaueLife 6 (60) 4.5 (45) 5.5 (55) 15 (50) 31(52) National

25 Hudson Valley Center 6 (60) 7.5 (75) 3.5(35) 13 (43) 30 (50) Regional

26 amfAR' 75 (75) 75 (75) 3.5(35) 11 (37) 29.5 (49) Global

27 NMAC™ 5.5 (55) 7.5 (75) 4(40) 12.5 (42) 29.5 (49) National; POC

28  Resource Center 8(80) 7 (70) 3(30) 10(33) 28 (47) Regional; LGBTQ+

29 My PrEP Experience 7.5(75) 2.5(25) 5.5 (55) 10,5 (35) 26 (43) Regional

30 Connected Boston 6 (60) 5 (50) 1(10) 9(30) 21(35) Regional; POC; LGBTQ+

31 PrEPfor Sex 6.5 (65) 3(30) 3.5(35) 8(27) 21(35) Regional
Averages 6.8 (68) 6.9 (69) 4.5 (48) 18,5 (62) 37 (62) —

8Score out of 10.

bScore out of 30.

CScore out of 60.

dGMFA: Gay Men Fighting AIDS

€L GBTQ+: leshian, gay, bisexual, transgender, queer, and sexuality/gender-nonconforming.
fPoC: people of color.

INASTAD: National Alliance of State and Territorial AIDS Directors.

NGMHC: Gay Men's Hedlth Crisis.

IUNAIDS: The Joint United Nations Programme on HIV and AIDS.
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IAVAC: AIDS Vaccine Advocacy Codlition.

kGeorgia CAPUS: Georgia Care and Prevention in the United States.
lamfAR: The Foundation for AIDS Research.

MNMAC: The National Minority AIDS Council.

Deficienciesin Accessible and Original Website
Content

The average content score was 62% (18.6/30), meaning that the
average website presented lessthan two-thirds of theinformation
making up our content criteria. Furthermore, content about PrEP
and TasP was often difficult to locate even when provided by
thewebsite. Although the majority of the websites (84%, 26/31)
included headings or subheadings about PrEP or TasP, relevant
information was frequently decentralized and could only be
feasibly located using a search bar. RAS spent approximately
1 hour on each website to assign a content score, likely much
longer than the amount of time that would be spent by an
average user. Our scoring criteria failed to capture this
time-consuming process of accessing information.

The websites also varied in their proportion of origina versus
outsourced content, another important theme observed during
scoring but not encompassed by the scoring criteria. Some
websites served primarily as aggregating tools, pulling articles
or partsof articlesfrom other organizations and rarely producing
their own content. For example, the Pitt Men's Study relied
heavily on articles from a number of other sources, whereas
text from the CDC website could be seen on anumber of other
websites. In contrast, Positively Aware is known for the guides
it compileson HIV drugs, Aidsmap designstheir own factsheets
and infographics, and Project Inform creates origina booklets
on PrEP, to provide just afew examples. Eight of the websites
in this review provided information about PrEP only, whereas
23 included information about both PrEP and TasP. No website
exclusively offered content about TasP.

Websites for Lesbian, Gay, Bisexual, Transgender,
Queer, and Sexuality/Gender-Nonconforming
Populations and Racial and Ethnic Minorities

Only 2 websites focused on members of the LGBTQ+
community more broadly and just 3 on POC. Furthermore, the
only website that stated that it intended to target black/African
American and Hispanic/Latino MSM, Connected Boston, was
aregiona website with the lowest total score among all of the
websites (35%, 21/60). Nevertheless, the average overall scores
in those 2 groups as well as the more general websites were all
within 5% points: 59% for LGBTQ+-focused websites, 60%
for POC-focused websites, and 63% for the rest of the websites.

Regional, National, and Global Websites

A total of 12 websites were primarily focused on a particular
region of the United States, whereas 11 websites targeted a
national audience and 8 operated globally. The areas covered
by the websites|abeled regional included cities such as Boston,
Sacramento, and San Francisco as well as programs within
Pittsburg, Dallas, and the Hudson River Valley. Some regional
websites also covered whole states, for example, New York.
One national website targeted people living in the United
Kingdom, whereas the rest were US-based.
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The regional websites scored substantially lower than the
national and global websites overall as well as in every
individual category. The average regional website scored 59%
(5.9/10) for authority and 52% (15.5/30) for content, with an
averagetotal of 53% (31.9/60). In contrast, the national websites
averaged 73% (7.3/10) for authority, 72% (21.6/30) for content,
and 69% (41.1/60) total, and the global websites averaged 77%
(7.8/10) for authority, 63% (19/30) for content, and 65%
(38.8/60) total.

Discussion

Principal Findings

The goal of this study wasto systematically identify and assess
existing websites providing information about PrEP or TasP
for MSM. Overall, the 31 websites reviewed exhibited various
deficiencies across all 4 categories of authority, usability,
interactivity, and content. The average score in each of the
categories was below 75% (ie, the average website met less
than three-fourths of the category criteria), and more than half
of the websites (16/31) scored 75% or lower in al the 4
categories.

Shortcomingsin terms of website content and interactivity were
particularly apparent and concerning. The average website
contained less than two-thirds of the content included in our
scoring criteria (63%, 18.6/30). This score is especialy
disappointing given the limited nature of the information our
criteria considered for the content category. In addition, the
information on the websiteswas often difficult to locate, linked
to other websites, reposted rather than original, or lacked
citations, with implications for usability and authority as well
ascontent. Notably, websiteswith information about both PrEP
and TasP scored higher not only in the content category but also
in authority and interactivity, suggesting apotential connection
between overall website quality and content quality that could
be explored in future research.

Furthermore, few existing websites directed their content toward
populations at high risk, including LGBTQ+ individuals and
POC aswell as certain regional communities. Not only did this
review find only 1 website geared toward black/African
American and Hispanic/Latino MSM, but that website received
the lowest average score out of all 31 websites considered.
Additional websites are also needed to provide information on
PrEP and TasP for LGBTQ+ populations more broadly. In
addition, although regional websitesdid exist, they consistently
scored lower than national and global sites on every measure,
pointing to the need to develop more comprehensive,
high-quality websites with location-specific content. Most were
also based in urban areas, whereas barriers to HIV prevention
and care remain high in some rura areas.

Finally, the websites and Web-based content that do exist have
little value if the target populations are not finding and sharing
it. Our report that the interactivity category had the lowest
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average score (48%, 4.8/10) underlines genera callsto present
health information in a more intuitive and accessible
way—precisely the concernsthat have, in theory, motivated the
use of eHealth. Furthermore, this problem was almost ubiquitous
across websites; excluding the 3 highest-scoring websites, the
average interactivity score would have been as low as 40%
(4/10). Getting people to read and understand HIV prevention
information remains a substantial barrier to PrEP and TasP
uptake among MSM, and existing HIV websites need to do a
better job of encouraging high-risk men to engage with their
content about prevention.

Recommendations

Some of the deficiencies discussed in thisreview could be easily
rectified with changesto basic site design, whereas otherswould
require more substantial additionsto content or comprehensive
considerations regarding website audience. The inclusion of a
functioning search bar and sitemap, for example, could help
users navigate content and increase usability. In addition,
website creators should be conscious of the amount of
misinformation available on the internet and the accompanying
skepticism of users and take steps to prove and highlight their
credibility. Potential options to this end include citations for
facts and statistics, articles authored by qualified medical
professional's, and general transparency surrounding sources of
website information and analysis.

In terms of user engagement, this review suggests that
devel opers should utilize awider variety of mediasuch asvideos
and animations and choose their use of text carefully.
Embedding linksto allow usersto share website content through
social media and email is technologicaly relatively simple,
highly ubiquitous in other fields, and critica not only for
interaction with existing users but also for the engagement of
new users. Finaly, websites should carefully evaluate their
intended purpose and target audiences. Most pressingly, given
the risk levels, the extreme lack of existing websites for
LGBTQ+ and POC should be rectified. More websites are
needed to provide relevant content for LGBTQ+ individuals

Silverman et al

generaly and black/African American and Hispanic/Latino
MSM most of all. These changes should also helpinthecritical
consideration of the quality, breadth, and depth of the
information the websites create and collate.

Limitations

Aswith al internet-based research, the availability and content
of websites may change over time. Although RAsincluded all
the results that appeared in their searches, additional websites
regarding PrEP and TasP promotion may not have been captured
in this review, for example, because they were not live or well
established during the research phase. We also recognize that
all websites included were in English, limiting our ability to
provide commentary for an international audience. In addition,
the measure that we modified based upon the work of Whiteley
et a needsto be validated, which was beyond the scope of this
study. Finally, as discussed above, the scoring criteria used did
not account for anumber of potentially relevant factors such as
the ease of accessing information and the existence of incorrect
information on websites. We suggest the future development
and validation of an updated and standardized way to evaluate
websites as well as social media and other eHealth campaigns.

Conclusions

This review provides a much-needed evaluation of the state of
Web-based information about PrEP or TasP for MSM. Our
findings emphasize deficiencies in interactivity and content
across HIV prevention websites. In particular, website content
needsto be more easily accessible and engaging aswell asplace
agreater emphasison those at the highest risk for HIV infection,
namely, black/African American and Hispanic/Latino MSM.
Moving forward, eHeath campaigns should consider this
analysis to more successfully present HIV prevention
information to these marginalized populations. An interactive
website with population-specific information about PrEP and
TasP developed for and by black/African American and
Hispanic/Latino MSM could help these men increase their
knowledge about and uptake of critical HIV prevention
strategies.
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Abstract

Background: Suboptimal antiretroviral therapy (ART) adherence and disengagement in care present significant public health
challenges because of the increased probability of HIV transmission. In the United States, men who have sex with men (MSM)
continue to be disproportionately affected by HIV, highlighting a critical need to engage high-risk MSM living with HIV who
are not engaged or retained in care.

Objective: The aim of the study was to assess the feasibility of at-home blood self-collection and laboratory quantification of
HIV-1 RNA viral load (VL) to report laboratory-based VL outcomes and compare self-reported and laboratory-reported VL

Methods: Between 2016 and 2017, 766 US HIV-positive MSM enrolled in a Web-based behavioral intervention were invited
to participate in an at-home dried blood spot (DBS) collection study using HemaSpot-HF kits (Spot On Sciences, Inc, Austin,
TX) for laboratory-quantified VL.

Results. Of those invited to participate, 72.3% (554/766) enrolled in the DBS study. Most (79.2%, 439/554) men enrolled
reported attempting to collect their blood, 75.5% (418/554) of participants mailed a DBS specimen to the research laboratory,
and 60.8% (337/554) had an adequate blood sample for VL testing. Of the 337 specimenstested for VL by the laboratory, 52.5%
(177/337) had detectable VL (median: 3508 copies/mL; range: 851-1,202,265 copiesmL). Most men (83.9%, 135/161) who
returned a DBS specimen with laboratory-quantified detectable VL self-reported an undetectable VL during their last clinical
visit.

Conclusions: Home collection of DBS samples from HIV-positive MSM is feasible and has the potential to support clinical
VL monitoring. Discrepant laboratory HIV-1 RNA values and self-reported VL indicate a need to address perceived VL status,
especialy in the era of treatment as prevention. Most participants were willing to use an at-home DBS kit in the future, signaling
an opportunity to engage high-risk MSM in long-term HIV care activities.

(JMIR Public Health Surveill 2018;4(4):€10847) doi:10.2196/10847
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Introduction

Background

Suboptimal  antiretroviral therapy (ART) adherence and
intermittent engagement in care present significant public health
challenges because of the increased probability of HIV
transmission resulting from high HIV-1 RNA viral load (VL)
[1-5]. It is critical to assess strategies to monitor VL among
individuals living with HIV who are not consistently ART
adherent. In the United States, men who have sex with men
(MSM) continue to be disproportionately affected by HIV; in
2016, MSM accounted for 66.79% (26,570/39,782) of all HIV
diagnoses and 82.69% (26,570/32,131) of diagnoses among
men [1]. Among US MSM known to be living with HIV in
2014, 74.07% (265,280/358,151) had received any care, 57.66%
(206,523/358,151) were retained in care, and 61.16%
(219,043/358,151) of those in care achieved viral suppression,
although engagement in care and viral suppression were lowest
among younger MSM and black MSM [6,7]. Research and
program initiatives have aimed to increase both the number of
MSM who are tested and who engage in care after an HIV
diagnosis [8-10]. At-home rapid HIV self-testing has provided
another option for MSM to be tested, and studies have shown
that MSM are willing to self-test rather than use traditional
testing sites because of stigma, privacy-related concerns, and
the ability to test at any time [11-13]. There is a similar need
for VL self-testing or sample collection approaches to be
developed for MSM living with HIV that can support traditional
HIV clinica care and increase the proportion of viraly
suppressed MSM living with HIV.

The Mailed-Spot (M-Spot) study assessed the feasibility of
home self-collection of dried blood spot (DBS) specimens for
laboratory quantification of VL among US white, black, and
Hispanic MSM living with HIV who participated in a
Web-based behaviora intervention [14]. Because MSM
commonly use the Internet and smartphone appsfor sexual and
health purposes, Web-based and mobile settings provide an
opportunity for engagement and obtaining biologic specimens
in behavioral research [15-17].

Study Objectives
We report feasibility and VL outcomes among MSM living

with HIV who received anovel DBS collection kit for at-home
blood self-collection and laboratory quantification of VL.

Methods

Study Overview

MSM participating in Sex Positive! (parent study), a national
Web-based behavioral intervention, wereinvited to take part in
the M-Spot study following completion of the original study.
The parent study’s protocol has been described previously [14].
Briefly, eligible participants in the parent study were (by
self-report) biologically male and identified as a mae or
genderqueer; aged 18 years or older; white, black, or Hispanic;
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ableto read and respond in English; aUSresident; HIV-positive;
not virally suppressed (>200 copies/mL) in the past year or
reported past-month suboptimal ART adherence [18]; and had
condomless anal sex with an HIV-negative or unknown status
male partner in the past 6 months.

Ethics Statement

Theinstitutional review board (IRB) at Public Health Solutions
in New York, NY, approved all study procedures. The IRB at
Johns Hopkins University in Baltimore, MD, approved all
laboratory-related procedures. Participants provided consent by
clicking a button at the end of the Web-based consent form to
indicate that they had read the consent page and agreed to
participate. A Certificate of Confidentiality was obtained from
the National Institute of Mental Health to protect the privacy
of participants enrolled in this study.

Participants

For the M-Spot study, men received an email recruitment
solicitation within a week of completing the parent study’s
12-month follow-up survey. The email contained a link that
redirected them to a brief, secure screening survey. Those ever
diagnosed with hemophilia, or who were currently taking
anticoagulation medication, were excluded.

Study Procedures

Consenting participants were mailed a package containing one
HemaSpot-HF device (DBSkit; Spot On Sciences, Inc, Austin,
TX), collection materials (al cohol prep pads, lancets, gauze pad,
and adhesive bandages), an instruction card, and a return
envel ope with postage. Men read the instruction card or viewed
avideo that demonstrated how to collect their blood and mail
their DBS specimen to the International STD Research
Laboratory at Johns Hopkins University.

After self-collecting a DBS specimen, men completed a brief
Web-based survey (herein referred to as the M-Spot survey),
which inquired about the blood collection process; experience
using the kit (ie, attempts to use the kit, experience using the
lancet, etc); experience with the study materias (ie, did they
watch the video, did they understand the instruction card);
willingness to use a DBS kit in the future; and engagement in
HIV care since the parent study’s 12-month follow-up survey.
After collecting their blood specimen and completing the
M-Spot survey, men mailed their DBS specimento the research
laboratory.

HemaSpot-HF was developed to address technical issues
associated with using traditional filter cardsfor DBS collection
[19]. A protective plastic cartridge minimizes the risk of
contamination and contains a desiccant ring to keep the sample
free from moisture. Immediately after blood collection, the
desiccant allowsthekit to be closed for shipment. Upon receipt
at thelaboratory, DBS specimenswere stored for up to 4 months
at 4°C beforetesting. If aDBS kit was half-filled with blood or
not filled at al, the sample was deemed untestable. Acceptable
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samples were tested in batches corresponding to laboratory
receipt date.

DBS specimens were placed in an Abbott Master Mix Tube
(Abbott Molecular Inc, Des Plaines, IL) containing 1.3 mL of
Abbott mSample Preparation system DBS Buffer (a
research-use-only assay) incubated for 30 min at 55°C with
gentle mixing and placed on the Abbott m2000sp instrument
for sample extraction. The Abbott m2000sp/rt system used an
open-mode protocol for DBS samples [20]. VL results were
reported as “not detected,” if no HIV-1 RNA was detected in
the sample. A qualitative result of “<832 copies/mL (<2.92 log
copies)” was reported when fewer than or equal to 832
copies/mL of HIV-1 RNA were detected. Quantitative VL
results were reported when HIV-1 RNA was detectable above
832 copies/mL (2.93 log copies to 7.00 log copies). A lower
limit of quantification was not reported by the manufacturer as
thereisalow probability of reproducibility when samples have
viremia<2.92 log copies (832 copies/mL). On the completion
of DBS specimen analysis, aggregate results from the study
were emailed to all consenting participants. We did not have
IRB approval to provide individual results to participants.

Survey Measures

The M-Spot survey was designed to assess the feasibility of
collectingaDBS specimen for VL and also to capture HIV care
information that may have occurred between the end of the
parent study and enrollment in the M-Spot study. To reduce
participant’s burden, HIV care questionswere only asked if the
participant reported seeing an HIV care provider after
completing the 12-month survey (see Self-Reported Viral Load
Status subsection). M-Spot survey data were merged with data
from the parent study’s screener (herein referred to as screener)
and the parent study’s 12-month follow-up survey (herein
referred to as the parent survey). Demographic measures were
primarily collected from the screener, HIV care and adherence
measuresfor thisanalysiswere collected from the parent survey,
and DBS feasibility questions were collected from the M-Spot
survey. Median time between the completion of the screener
and the M-Spot survey was 405 days (range: 367-617 days),
and median time between the completion of the parent survey
and the M-Spot survey was 36 days (range: 6-257 days). All
survey data were collected online.

Participant Characteristics

The screener included questions on participant’s age, race and
ethnicity, gender identity, and sex at birth. Recruitment source
was also identified from the screener, based on the recruitment
URL used by the participant. Participantsindicated on the parent
survey whether they were diagnosed with HIV in the past year.
The parent survey also obtained updated level of education,
annual income, employment status, and insurance information.

Sexual History

Participants reported number of male anal insertive and receptive
sex partnersin thelast 3 months on the parent survey. Pull-down
menus listed 0 through 100 partners, 101+ partners, | don’t
know, and prefer not to answer.

http://publichealth.jmir.org/2018/4/e10847/
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HIV Care

To assess engagement in HIV care, men were asked on the
parent survey whether they had adoctor, nurse, or other medical
provider whom they considered to be in charge of their overall
HIV health care. Response optionsincluded no, yes, and prefer
not to answer. Participants were also asked on the parent survey
when was the last time they had a health care appointment with
their HIV care provider (last 3 months, 3-6 months ago, 6-9
months ago, 9-12 months ago, more than a year ago, | don’t
know, and prefer not to answer).

Antiretroviral Medication Adherence

Participants were asked on the parent survey about their current
use of antiretroviral medications (yes, no). Among participants
on treatment, past 30-day adherenceto ART was assessed using
a3-item scale[18]. Participantswere asked: “Inthelast 30 days,
on how many daysdid you miss at |east one dose of any of your
HIV medicines?’ (0-30 days); “In the last 30 days, how good
ajob did you do at taking your HIV medicinesin the way you
were supposed to?’ (never, rarely, sometimes, usually, almost
always, aways); and “In the last 30 days, how often did you
take your HIV medicines in the way you were supposed to?’
(never, rarely, sometimes, usualy, almost always, aways).
Responses to each question were linearly transformed to a0 to
100 scale and averaged across all 3items.

Sdlf-Reported Viral Load Status

TheM-Spot survey included itemsto measure self-reported VL
status at the time of blood collection. Participantsindicating an
HIV care visit since the parent survey were asked whether they
had aVL test. Men who reported having a VL test were asked
to estimate the date of their last VL test and to select their most
recent results from the following: My vird load was
undetectable; My viral load was detectable; | don’t know—but
| think | was detectable; and | don’'t know—-but | think | was
undetectable. Participantsreporting My vira |oad was detectable
or | don’t know—nbut | think | was detectable were categorized
as having a sdlf-reported detectable VL status. Participants
reporting My viral load was undetectable or | don’t know—but
| think | was undetectable were categorized as having a
self-reported undetectable VL status.

Data on self-reported VL status from participants who did not
report an HIV care visit between the parent survey and the
M-Spot study were obtained from the parent survey; men who
reported a VL test in the past 6 months on the parent survey
were asked to select their most recent resultsfrom the following:
My viral load was undetectable, or <200 copies/mL; My vira
load was detectable, or >200 copies/mL; | don't know—-but |
think | was undetectable; and | don’t know—but | think | was
detectable. Using the same strategy as in the M-spot survey,
responses were dichotomized (detectable, undetectable). The
date of the last VL test was not collected on the parent survey.

Time Between Self-Reported Viral Load and Dried Blood
Spot Specimen Collection

The difference between the date of DBS specimen collection
and date of self-reported VL status on the M-Spot or parent
survey was used to estimate the time between a self-reported
VL from aplasma sample (collected during an HIV care visit)
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and aVL laboratory result from aDBS specimen. The calendar
date reported for last VL test in the M-Spot survey was used as
the participant’s self-reported VL date. The parent survey did
not ask participantsto report the date of their last VL test. Thus,
for participants who did not visit their HIV care provider in
between the parent study and the M-Spot study, the day they
finished the parent survey was used as a proxy for the
participant’s self-reported VL test date. If participants did not
self-report a VL status on either the M-Spot survey or parent
survey, their self-reported VL status was treated as missing.

Experience Using Dried Blood Spot Kit

Experience using the DBS kit at home was measured through
several questions on the M-Spot survey. Men were asked if they
felt comfortable collecting their own blood sample (yes, no,
prefer not to answer), and they were asked to rate their overall
experience using the HemaSpot-HF device (very easy, easy,
hard, very hard, prefer not to answer). Participants were also
asked to rate their willingnessto use aDBSkit in afuture study
(very willing, willing, not willing, extremely not willing, prefer
not to answer).

Statistical Methods

We assessed study feasibility by the proportion of participants
who successfully completed various stages. enrollment,
collecting a blood sample, mailing the kit to the laboratory,
laboratory receipt of DBS specimens, and providing atestable
blood sample. Pearson chi-square tests, Fisher exact tests,
independent-sample t-tests, and Mann-Whitney U tests were
used to identify group differences between participants who
enrolled and did not enroll in the study and between parti cipants
who returned a DBS sample with detectable and undetectable
viremia. Data analyses were performed using SAS version 9.4
(SAS Ingtitute, Cary, NC).

Results

Participant Characteristics

From September 2016 to February 2017, an invitation link to
participate in the M-Spot study was sent to 766 men living with
HIV within aweek of completing the parent survey (Figure 1,
box A). Of note, 112 men had completed the parent survey
before we received IRB approval and thus were not eligible to
participate in the study. Among recruited men, 86.6% (663/766)
opened the email and clicked on the screener link (Figure 1,
box B). Men who clicked the link were more likely to have
health insurance (93.6% [617/659] vs 88.1% [89/101], P=.04)
and a past 6-month HIV health care visit (92.4% [549/594] vs
83.0% [78/94], P<.01) than men who did not click thelink. In
total, 568 men were eligibleto participate, 562 consented (Figure
1, box C), and 554 (72.3% [554/766] of those recruited) enrolled
in the study (Figure 1, box D). To enrall, participants had to
provide a mailing address to receive the DBS kit by mail.

Most enrolled participants were white (68.8%, 381/554),
college-educated (61.7%, 341/553), and had a yearly income
of lessthan US $40,000 (54.9%, 304/554; see Table 1). Median
age was 39 years (range: 19-72 years). Most men (56.1%,
332/542) enrolled in M-Spot had been recruited for the parent
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study from awebsite for men interested in condomless anal sex
with amale partner. Over half (57.8%, 320/554) were employed
full time, and 94.0% (516/549) were insured—half through
public health insurance. Participants self-reported a median of
2 male sexua partners (range: 0-101) in the past 3 months. A
minority of men (19.1%, 105/551) were diagnosed with HIV
in the 12 months before they enrolled in the parent study. On
the basis of participants self-report, 91.1% (499/548) were
engaged in HIV care; 93.0% (463/498) had visited their HIV
care provider in the past 6 months; and 93.3% (516/553) were
currently on ART, with a median Wilson adherence score of
88.9% (range: 0%-100%); and 90.8% (456/502) self-reported
an undetectable VL (<200 copies/mL) from their last clinical
laboratory test. Compared with men who did not enroll in the
M-Spot study, men who enrolled were more likely to have seen
their HIV care provider in the past 6 months (93.0% [463/498]
Vs 86.3% [164/190], P=.02) and more likely to report ART use
(93.3% [516/553] vs 89.1% [188/211], P=.05; see Table 1).

Feasibility and Acceptability

Of the 554 men enrolled in M-Spot, 79.2% (439/554) reported
attempting to collect their blood (Figure 1, box E). Some
participants (n=49) requested a second DBS Kkit; reasons
included difficulties collecting their blood or losing the kit. Of
these men, 11 had issues drawing blood with the lancet and
attributed this to callused fingertips. The initial lancet used for
this study had an 18-gauge blade with a 2.3-mm penetration
depth. In response to lancet-related issues, we sent the 11
participants, and all subsequently enrolled participants, lancets
that had a 21-gauge needle and 2.8-mm penetration depth.

A high proportion (75.5%, 418/554) mailed a DBS specimen
tothelaboratory (Figure 1, box F). Thelaboratory received and
evaluated 413 kits (Figure 1, box G). The median time between
sampl e collection and specimen receipt was 4 days (range: 1-69
days). Among the kits received, 76 were not analyzed: 65 had
an inadequate amount of blood and were deemed untestable, an
instrument error occurred when processing 7 specimens, and
aninternal control error occurred when processing 4 specimens.
In total, 337 kits had a sufficient amount of blood and were
tested (Figure 1, box H).

Among men who returned a DBS specimen to the laboratory
and completed the study survey, 89.8% (326/363) reported
feeling comfortable collecting their blood; 83.6% (306/366)
rated their experience using the DBS kit as “very easy” or
“easy,” and 98.1% (357/364) reported willingness to use an
at-home DBS kit in the future.

Among 115 participants who did not attempt to use the DBS
kit, 105 men received the kit but did not participate (ie, were
lost to follow-up), 7 men withdrew from the study, 2 men never
received thekit, and 1 participant decided not to use the kit after
opening the package. The men who were lost to follow-up or
withdrew were predominantly white (69.6%, 80/115),
college-educated (58.3%, 67/115), earned lessthan US $40,000
(57.1%, 64/112), and had alower Wilson ART adherence score
(81% vs 85%; P=.04) than men participating in study activities.
Finally, 15 participants were unable to collect their blood and
did not mail their kit.
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Figure 1. M-Spot study recruitment and participation. M-Spot: Mailed-Spot.
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Table 1. Sociodemographic and behavioral characteristics of recruited participants, by enrollment status (N=766).

Characteristics Total (N=766) Enrolled (n=554) Ineligible or not enrolled (n=212) P value
Agein years (n=765)% n (%) 10P
18-29 155 (20.3) 111 (20.1) 44(20.8)
30-39 233 (30.5) 181 (32.7) 52 (24.5)
40-49 221 (28.9) 159 (28.8) 62 (29.3)
50-59 126 (16.5) 84 (15.2) 42 (19.8)
=60 30(3.9) 18 (3.3) 12 (5.7)
Race (N=766), n (%) 31°
Black 124 (16.2) 83 (15.0) 41(19.3)
Hispanic 120 (15.7) 90 (16.3) 30(14.2)
White 522 (68.2) 381 (68.8) 141 (66.5)
Education (n=763)% n (%) 58P
High school diplomaor less 68 (8.9) 53 (9.6) 15(7.2)
Some college 224 (29.4) 159 (28.8) 65 (31.0)
College graduate 309 (40.5) 228 (41.2) 81 (38.6)
Professional or graduate degree 162 (21.2) 113 (20.9) 49 (23.3)
Income (n=743)2, n (%) 21°
<$20,000 225 (30.3) 173 (31.9) 52 (25.9)
$20,000-$39,999 182 (24.5) 131 (24.2) 51 (25.4)
$40,000-$59,999 137 (18.4) 102 (18.8) 35 (17.4)
$60,000-$99,999 111 (14.9) 80 (14.8) 31(15.4)
>$100,000 88 (11.8) 56 (10.3) 32(15.9)
Insured (n=757)2, n (%) 41°
Yes, private health insurance 349 (46.1) 257 (46.8) 92 (44.2)
Yes, public health insurance 357 (47.2) 259 (47.2) 98 (47.1)
No 51 (6.7) 33(6.0) 18 (8.7)
Employed full time (n=766), n (%) 443 (57.8) 320 (57.8) 123 (58.0) 95P
Recr uitment source (n=764)2, n (%) A4P
Mobile phone app 234 (30.6) 170 (30.7) 64 (30.3)
Bareback website 453 (53.3) 332 (60.0) 121 (57.4)
Other sites 77 (10.2) 51(9.2) 26 (12.3)
Engaged in HIV care (n=758)2 n (%) 689 (90.9) 499 (91.1) 190 (90.5) 80P
Currently on antiretroviral therapy (n=764)2, n (%) 704 (92.2) 516 (93.3) 188 (89.1) .05°
Past year HIV diagnosis (n=762)2 n (%) 151 (19.8) 105 (19.1) 46 (21.8) 39°
Last HIV carevisit (n=688)2, n (%) .02b¢
<6 months 627 (91.1) 463 (93.0) 164 (86.3)
6-12 months 51 (7.4) 29 (5.8) 22 (11.6)
>12 months 10(1.5) 6(1.2) 4(2.1)
Self-reported HIV viral load status (n=673)2, n (%) 18P
Undetectable 617 (91.7) 456 (90.8) 161 (94.5)
Detectable 56 (8.3) 46 (9.2) 10(5.9)
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Characteristics Total (N=766) Enrolled (n=554) Ineligible or not enrolled (n=212) P value
Antiretroviral therapy adherence score, mean (n=703)2 845 84.6 84.3 .88¢
Number of male anal sex partners, last 3 months, mean (n=766) 18.3 21.2 105 56°

3Denominators vary because of missing data.
bpearson chi-square test.

Cstatistical significance at level P<.05.

9 ndependent-sample t test.

EMann-Whitney U test.

Viral Load Results

Of the 337 specimenstested for VL by thelaboratory, over half
(52.5%, 177/337) had detectable VL, whereas 47.5% (160/337)
of participantsreturned asamplewith no detectable HIV-1 RNA
(Figure 2). Of the DBS specimens classified as having a
detectable VL, atotal of 99 DBS specimens from participants
had aqualitative result of “<832 copies/mL (<2.92 log copies),”
and 78 DBS specimens had a quantitative result of >832
copies/mL. Among the DBS specimens with a quantitative VL
(n=78), the overal median VL was 3508 copies/mL
(interquartile range, 1QR: 1349-21,754 copiemL). When
stratified into different levels of viremia, 9 specimens had
detectable viremia between 833 and 999 copiesmL (median:

Figure 2. Participant laboratory HIV-1 RNA results, n=337.

891 copies/mL; IQR: 870-955 copies/mL ), 43 specimens were
between 1000 and 9999 copies/mL (median: 1995 copies/mL;
IQR: 1349-4542 copies/mL), and 26 specimens had viremia
>10,000 copies/mL (median: 46,823 copiesmL; IQR:
22,264-144,865 copies/mL; see Figure 2). Compared with
participants who returned a DBS specimen with detectable
viremia, men who returned a DBS specimen with undetectable
viremiawere significantly morelikely to be employed full-time
(63.1% [101/160] vs 52.5% [93/177], P=.05), report a recent
HIV diagnosis (<1 year; 23.1% [37/160] vs 12.5% [22/176],
P=.01), be engaged in HIV care (96.9% [155/160] vs 86.4%
[152/176], P<.01), and be currently on ART (98.8% [158/160]
Vs 88.6% [156/176], P<.01; see Table 2).
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Table 2. Characteristics of participants who provided atestable dried blood spot specimen, by HIV-1 RNA viral load status (n=337).

Characteristics Total (n=337)  Detectable HIV-1 RNA? (n=177)  Undetectable HIV-1RNA? (n=160) P value
Agein years(n=337), n (%) 28P
18-29 69 (20.5) 34(19.2) 35(21.9)
30-39 116 (34.4) 55 (31.1) 61(38.1)
40-49 91 (27.0) 55 (31.1) 36 (22.5)
250 61 (18.1) 33(18.6) 28 (17.5)
Race (n=337), n (%) 99°
Black 41(12.2) 22 (12.4) 19 (11.9)
Hispanic 57 (16.9) 30(17.0) 27 (16.9)
White 239 (70.9) 125 (70.6) 114 (71.3)
Employed full-time (n=337), n (%) 194 (54.6) 93 (52.5) 101 (63.1) .050¢
Insured (n=333), n (%) 60°
Yes, private health insurance 158 (47.5) 79 (44.9) 79 (50.3)
Yes, public health insurance 154 (46.3) 85 (48.3) 69 (44.0)
No 21(6.3) 12 (6.8) 9(5.7)
Past year HIV diagnosis (n=335)% n (%) 59 (17.6) 22 (12.5) 37 (23.3) .01b¢
Engaged in HIV care (n=336)d, n (%) 307 (91.4) 152 (86.4) 155 (96.9) .001°P¢
Last HIV carevisit (n=307)%, n (%) 60°
<6 months 286 (93.2) 140 (92.1) 146 (94.2)
6-12 months 17 (5.5) 9(5.9) 8(5.2)
>12 months 4(1.3 3(20 1(0.7)
Self-reported HIV viral load status(n=316)d, n (%) <.001°¢
Undetectable 284 (89.9) 135 (83.9) 149 (96.1)
Detectable 32(10.1) 26 (16.2) 6(3.9)
Currently on ART' (n=336)%, n (%) 314 (93.5) 156 (88.6) 158 (98.8) <.001°¢
ART adherence score, mean (n=313)° 85.5 84.4 86.5 339
Number of male anal sex partners (mean), 26.5 29.8 22.9 63"

last 3 months (n=337)

8 ndividuals categorized as having a detectable HIV-1 RNA include participants with a quantitative result >832 copies/mL or qualitative result <832
copies/mL.

bPearson chi-square test.

Cstatistical significance at level P<.05.
dDenominators vary because of missing data.
CFisher exact test.

fART: antiretroviral therapy.
9Independent-samplett test.

Ly ann-Whitney U test.
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Figure 3. Participant self-reported viral load status, by laboratory HIV-1 RNA result, n=316.

Detectable HIV-1 RNA (210,000 copies/mL), n=17 24% 76%
Detectable HIV-1 RNA (1000-9999 copies/mL), n=39 77% 23%
Detectable HIV-1 RNA (<1000 copies/mL), n=105 96% a%
[
Undetectable HIV-1 RNA, n=155 4% 96%
[
Overall, n=316 45% 55%
0% 20% 40% 60% 80% 100%

W Discrepant self-reported viral load

We compared participants' laboratory HIV-1 RNA result with
their most recent self-reported VL. Among participants who
returned a testable DBS specimen, 93.8% (316/337) aso
self-reported their VL inthe M-Spot survey or the parent survey.
Among the 316 DBS samples, 284 sdlf-reported having an
undetectable VL and 32 self-reported having a detectable VL.
Among men with both laboratory and self-reported VL data,
44.6% (141/316) had adiscrepant laboratory HIV-1 RNA result
and self-reported VL status (Figure 3).

Of note, 83.9% (135/161) of the men who returned a DBS
specimen with adetectable HIV-1 RNA result self-reported that
they had an undetectable VL at their last clinical visit (Table
2). Among men self-reporting an undetectable VL, thoseliving
with HIV for >1 year at the start of the parent study were more
likely to have a discrepant self-reported VL and a
|aboratory-quantified VL (88.2%[119/135] vs 77.0% [114/148];
P=.01). However, those who self-reported being engaged in
care were less likely to have discrepancies between their
self-reported VL and laboratory-quantified VL compared with
those who self-reported not being engaged in care (91.1%
[123/135] vs 97.3% [145/149]; P=.02).

Median time between a discrepant self-reported VL and a
laboratory-quantified VL was 22 days. Median time between
concordant self-reported VL and a laboratory-quantified VL
was 25 days. Different proportions of discrepant self-reported
VL were observed when the HIV-1 RNA results from the DBS

http://publichealth.jmir.org/2018/4/e10847/

RenderX

Proportion of participants

O Nondiscrepant self-reported viral load

specimens were disaggregated: 96.2% (101/105) of men with
alaboratory HIV-1 RNA result <1000 copies/mL, 76.9% (30/39)
of menwith alaboratory HIV-1 RNA result <10,000, and 23.5%
(4/17) of men with a laboratory HIV-1 RNA result =10,000
copiessmL had a discrepant self-reported VL (Figure 3
—indicated in red). Finaly, an additional 21 participants
returned a testable DBS specimen but did not self-report their
VL in the survey. Of these men, 16 returned a sample with
detectable viremia; of these, 13 menhad aVL >1000 copies/mL
(median: 20,893 copies/mL; range: 3467-154,881 copies/mL).

Discussion

Principal Findings

This study assessed the feasibility and acceptability of an
at-home DBS callection kit for laboratory VL quantification
from US MSM living with HIV who had previously reported
suboptimal ART adherence or a detectable VL. To our
knowledge, thisis the first DBS home collection study from a
Web-based sample of MSM living with HIV who mailedaDBS
specimen to alaboratory for VL quantification. Feasibility was
demonstrated at multiple study stages: 72.3% (554/766) of
recruited men enrolled; 79.2% (439/554) of enrolled men
attempted to collect a blood sample; 75.5% (418/554) mailed
their DBS specimen to the laboratory and were received by the
laboratory; and 60.8% (337/554) provided a testable blood
sample. Among participants who returned a kit with a testable
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blood sample, 52.5% (177/337) had a detectable VL. Of
significance, 83.9% (135/161) of DBS specimens with a
detectable VL were from men who self-reported that they had
an undetectable VL at their last clinical visit. These results
suggest that at-home DBS collection for |aboratory-quantified
VL is both feasible and acceptable and may serve as a VL
monitoring platform for MSM.

Our results support the findings of other studies with respect to
the acceptability of self-collecting biologic specimeng[21-23]
and the willingness of MSM to self-collect blood samples for
HIV testing [24-28]. The traditional DBS sampling using
Guithrie cards or filter paper disks has been used for more than
40 years [29-31] and is now common in epidemiologic studies
[32,33]. DBS sampling has been used in nonclinical settings
for quantifying VL to identify acute and undiagnosed HIV
infections [34,35]. However, DBS collection in nonclinical
settings for VL quantification in known HIV-positive cohorts
has largely been unexplored until now.

Results from 3 recent studies[36-38] prompted the Centersfor
Disease Control and Prevention and the National Institute of
Allergy and Infectious Diseases to declare that people on ART
who have an undetectable VL have no risk of transmitting the
virusto HIV-negative partners [39,40]. To prevent further HIV
transmission, individual s diagnosed with HIV must be engaged
in care, take ART as prescribed, and achieve and maintain viral
suppression [36,41]. The “Undetectable=Untransmittable’
campaign has the potential to promote the benefits of HIV
treatment, help aleviate stigma, and prevent further HIV
transmission [42]. However, for the campaign to be effective,
anindividual’s perceived undetectable VL status must accurately
match their actual VL status. The high proportion of individuals
with adiscrepant laboratory HIV-1 RNA result and self-reported
VL status reported in this study indicates that men either
incorrectly perceived or falsely reported their actual VL status.
A recent study of young MSM and transgender women living
with HIV [43] similarly reports discrepant self-reported VL
survey datawith laboratory-based and el ectronic medical record
VL measurements; approximately a third of participants had
discrepant |aboratory-measured VL and a self-reported VL
status. Our study reports a much higher proportion (84% vs
34%) of men with discrepant VL data with differences likely
because of 2 disparate study populations with different age and
racial and ethnic distributions and recruitment methodologies.
We echo the authors' concerns that discrepancies between
self-reported and laboratory VL data have significant
ramifications for continued HIV transmission, validity of
epidemiological studies (eg, data misclassification), and the
success of public health campaigns. Furthermore, inaccurate
perception of one'sVL status may have potential consequences
for partner-seeking behaviors among HIV-positive MSM who
believe that they are undetectable when they are not.

Although most men returned a DBS specimen with a testable
blood sample, some participants experienced issues collecting
their blood at home. We estimate that about 15% to 20% of
participants had difficulties with the lancets provided with the
DBSkit based on our email and phone communication with the
participants. In addition, some reported difficulties depositing
blood drops into the middle of the application surface, which
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prevented them from getting enough blood on the absorbent
paper. Participants experiencing i ssues often requested a second
kit (where we provided a different lancet with a deeper
penetration depth), did not return their kit to the laboratory, or
returned a kit to the laboratory with little or no blood. Future
studies should antici pate possi bl e specimen self-collection issues
or issueswith study materials such aslancets. Addressing these
issues will likely increase the feasibility of at-home specimen
collection.

Novel interventions, devices (eg, Food and Drug
Administration—approved home VL test), and service delivery
options (eg, sharing DBS VL laboratory resultswith apatient’s
provider) must be developed to increase the number of
individuals who are retained in care and who achieve and
accurately perceivetheir current VL status. Anindividual’sVL
isdynamic and vira “blips’ can occur throughout thelong-term
treatment of HIV because of fluctuationsin ART adherence or
concurrent illnesses [44-47]. Individuals with a history of
intermittent HIV care or detectable viremia may be more
inclined to reengage in care or improve ART adherence, if they
know they have a detectable (laboratory-quantified) VL from
an at-home self-collected specimen; future studies should assess
this, as well as whether there are clinical benefits with more
frequent VL monitoring in between clinical visitsfrom samples
collected outside of clinical settings.

Limitations

A few study limitations should be acknowledged. First, with
respect to our email recruitment approach, it is possible that
some participants never saw the email in their inbox or spam
folder. Second, 20.8% (115/554) of enrollees did not complete
study activities; participants who withdrew or were lost to
follow-up had alower Wilson ART adherence score than those
who attempted or completed study activities. It is possible that
these participants chose not to collect their blood sample after
reading theinstructions, or they never opened the DBS package
with study materials. It is also possible that participants who
reported suboptimal ART adherence did not want to provide a
blood sampl e that would show adetectable VL. Third, the study
population was recruited from asample of men who successfully
completed a 12-month Web-based intervention. Perhaps these
participants are more likely to complete a study such as M-Spot
compared with other populations. Different study participation
rates may be observed when collecting DBS specimens from
other populations. Fourth, wedid not collect acalendar date for
the most recent VL test on the parent survey, limiting our ability
to accurately estimate the time between an individual’s plasma
VL test result and DBS VL test result.

Aswithmost DBS studies, there is concern about the correlation
between a DBS specimen and laboratory result from a VL test
from a plasma sample collected in a clinical setting. Several
studies [48-50] have documented the high correlation between
VL measurements obtained from DBS samples and those
obtained from plasma, aswell asthe stability of samples stored
under different conditions and for different time frames. In
addition, stability of HIV serological markers in samples
collected using the HemaSpot device has been reported and
compared with DBS samples collected using the traditional
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Whatman 903 cards [51]. Similarly, studies assessing the
performance of the Abbott Real-Time HIV-1 assay, used for
this study, have also reported a high correlation between VL
measurements from DBS and plasma samples, with 99.4% of
casesdiffering by <1.0log copiesin one study [52], and amean
difference of 0.29 log copiesin another [53]. The Abbott assay
and extraction method have been updated and improved
frequently; this study used the most up-to-date open mode
protocol available from the manufacturer. Dize et al performed
validation of DBS specimens collected using HemaSpot devices
compared with plasma samples [54]. Concordance analysis
showed 100% agreement between samples with VL >1000
copies/mL and 86% agreement between sampleswith VL <1000
copies/mL. Finally, we acknowledge the possibility that
intracellular nucleic acid contribution at low levels of viremia
may explain our DBS specimen laboratory results and the
discordance between self-reported VL statusand DBS specimen
VL results. Other studies have reported false-positive rates
ranging from 6% to 13% in which DBS samples yielded
detectable VL, whereas the plasma sample had undetectable
VL, with the discrepancy attributed to a possible contribution

Hirsnfield et &l

of intracellular RNA that might be present in white blood cells
inwholeblood [55-58]. However, itisunlikely that intracellular
nucleic acid led to misclassification of VL resultsfor participants
who had high HIV VL resultsfrom their DBS specimen. Further
research is needed to identify the extent to which intracellular
nucleic acid influences VL results from DBS specimens
collected using the HemaSpot-HF device, especialy in those
with low detectable HIV VL levels.

Conclusions

Despite these limitations, findings from this study highlight the
feasibility and acceptability of HIV-1 RNA quantification of
home-collected DBS samples from MSM living with HIV.
Individualswith ahistory of suboptimal ART adherence and/or
detectable viremia, such asthosein this study, may benefit from
at-home VL monitoring as a tool to augment engagement in
HIV care. Home collection of DBSfor VL could be utilized as
a monitoring tool in between clinical visits for patients who
struggle with adherence. Research on complementary systems
of clinical care should be expanded and further studied,
especialy in the era of treatment as prevention.
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Abstract

Background: Early (including acute) HIV infection is associated with viral loads higher than those in later stages.

Objective: Thisstudy aimed to examine the association between acute infection and viral loads near the time of diagnosis using
data reported to the US National HIV Surveillance System.

Methods: We analyzed data on infections diagnosed in 2012-2016 and reported through December 2017. Diagnosis and staging
were based on the 2014 US surveillance case definition for HIV infection. We divided early HIV-1 infection (stage 0) into two
subcategories. Subcategory Oa: a negative or indeterminate HIV-1 antibody test was <60 days after the first confirmed positive
HIV-1 test or a negative or indeterminate antibody test or qualitative HIV-1 nucleic acid test (NAT) was <180 days before the
first positive test, the latter being a NAT or detectable viral load. Subcategory OB: a negative or indeterminate antibody or
qualitative NAT was <180 days before the first positive test, the latter being an HIV antibody or antigen/antibody test. We
compared median earliest viral loads for each stage and subcategory in each of the first 6 weeks after diagnosis using only the
earliest viral load for each individual.

Results:  Of 203,392 infections, 56.69% (115,297/203,392) were reported with a quantified earliest viral load within 6 weeks
after diagnosis and criteria sufficient to determine the stage at diagnosis. Among 5081 infections at stage O, the median earliest
viral load fell from 694,000 copies/mL in week 1 to 125,022 in week 2 and 43,473 by week 6. Among 30,910 infectionsin stage
1, the median earliest viral load ranged 15,412-17,495. Among 42,784 infections in stage 2, the median viral load declined from
44,973 in week 1 to 38,497 in week 6. Among 36,522 infections in stage 3 (AIDS), the median viral load dropped from 205,862
inweek 1t0 119,000 in week 6. The median earliest viral load in stage 0 subcategory Oa fell from 1,344,590 copies/mL in week
110 362,467 in week 2 and 47,320 in week 6, while that in subcategory O was 70,114 copies/mL in week 1 and then 32,033 to
44,067 in weeks 2-6. The median viral load in subcategory Oa was higher than that in subcategory OB in each of thefirst 6 weeks
after diagnosis (P<.001).

Conclusions: Inthe 1st week after diagnosis, viral loadsin early infections are generally several times higher than thosein later
stages at diagnosis. By the 3rd week, however, most are lower than those in stage 3. High viral loadsin early infection are much
more common in subcategory Oa than in subcategory O3, consistent with Oa comprising mostly acuteinfectionsand Of3 comprising
mostly postacute early infections. These findings may inform the prioritization of interventions for prevention.

(JMIR Public Health Surveill 2018;4(4):€10770) doi:10.2196/10770
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Introduction

The 2014 revision of the US surveillance case definition for
HIV infection added “ stage 0" to its staging system to represent
early infection (assumed to last about 6 months after the start
of infection). HIV infections are classified in stage O if they
have evidence of being early—negative or indeterminate HIV
test results near the time of diagnosis. Otherwise, they are
classified in the later stages—1, 2, or 3 (acquired
immunodeficiency syndrome [AIDS]) [1]. Prompt recognition
of infections in stage O can provide a critical opportunity to
prevent transmission of HIV infection during acute (or primary)
infection (part of stage 0). Acute infection is often associated
with very high vira loads [2-7], which increase the risk of
transmission [8]. Intervention would include antiretroviral
treatment to suppresstheviral load and the provision of “partner
services,” in which public health workers interview the patient
toidentify sex or needle-sharing partnersin the past 12 months;
locate the partners; and offer them HIV testing, counseling, and
linkage to care, as appropriate [9,10]. If infected, such partners
may also have early infection.

This analysis was intended to document the high viral 1oads
that justify giving priority to stage O infections for intervention
to prevent transmission. For that purpose, we compared median
earliest viral loads by week in the first 6 weeks after diagnosis
for each stage (0, 1, 2, or 3). Another objective was to
demonstrate how HIV surveillance data could be used to
distinguish between acute infections and other early HIV
infections in stage 0, as the highest priority for intervention
should be given to acute infections (expected to have the highest
viral loads) rather than given equally to postacute early
infections (with lower viral loads). To do that, we defined
subcategories of stage O that approximate acute infection and
postacute early infection and compared median vira loads
among these two subcategories.

Methods

Data

We used data for the 203,392 HIV infections diagnosed during
2012-2016 and reported to the National HIV Surveillance
System (NHSS) of the Centers for Disease Control and
Prevention through December 2017 from the 50 US states, the
District of Columbia, Puerto Rico, and the US Virgin Islands.
In the software of the NHSS database, the stage at diagnosis
can beautomatically classified asstage 0 only for HIV infections
diagnosed in or after 2014, when the definition of stage O was
published [1]. For this analysis, however, we retroactively
extended the application of the definition of stage 0 to infections
diagnosed in 2012 and 2013 to increase the number of stage O
diagnoses available for analysis.

We excluded the 24.03% (48,880/203,392) of infections for
which the stage at diagnosis could not be determined. Their
reported datadid not include the negative or indeterminate HIV
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test results required to meet the criteria for stage O nor a CD4
T-lymphocyte test result or opportunistic illness diagnosis
required to meet the criteriafor stage 1, 2, or 3 within 3 months
after diagnosis.

We assumed that specimens for earliest viral loads would
generaly have been collected before starting antiretroviral
therapy to enable physicians to assess the effect of therapy by
comparing subsequent viral loads with the baseline viral 1oad.
Therefore, to reveal the natural trend of viral loads before their
suppression by antiretrovira drugs, we restricted our analysis
to theviral load with the earliest specimen collection date within
6 weeks after diagnosis for each infection. This restriction
removed another 32,047 infections from the analysis because
they had no viral load within 6 weeks after diagnosis. The date
when antiretroviral drugs were first received was reported for
only 17.27% (21,157/122,465) of the remaining infections, but
it preceded the date of the first vira load for 10.04%
(2,125/21,157) of them. Therefore, we al so excluded those cases
in which the drug was known to have preceded the viral load
to minimize the effects of antiretroviral drugsontheviral loads.

To try to avoid erroneous data on earliest vira loads, we
excluded another 4711 cases in which the first viral load was
reported to be undetectable or 0-19 copies/mL. Such low values
would be unlikely in the absence of antiretroviral prophylaxis
or therapy started on the basis of a diagnosis earlier than the
date of the reported first positive HIV test. In addition, viral
loads reported as 0-9 copiessmL may actualy have been
logarithmically transformed val ues that could not be compared
with the untransformed val ues on which our analysis was based.
Enumerated viral loads reported to be undetectable probably
represented the lower limit of the test’s ability to quantify the
viral load rather than its actual value. We al so excluded another
167 cases with viral loads for which no numerical value was
reported. To calculate the number of days between thediagnosis
date and viral 1oad date accurately, we also excluded 165 cases
in which data for one or both of these dates were incomplete
(eg, missing the day component). The final analytic file had
dataon 115,297 HIV infections (each corresponding to thefirst
viral load within 6 weeks after adiagnosis), representing 56.68%
(115,297/203,392) of the total reported cases diagnosed in
2012-2017.

Definitions
Stage 0

The HIV surveillance case definition published in 2014 says
that stage O may be recognized based on either testing
history—"a negative or indeterminate HIV test...result within
180 days before thefirst confirmed positive HIV test result”—or
atesting algorithm—"a sequence of tests performed as part of
alaboratory testing algorithm that demonstrate the presence of
HIV-specific vira markers such as...nucleic acid (RNA or
DNA) 0-180 days before or after an antibody test that had a
negative or indeterminate result” [1]. Unfortunately, this
definitionisimpractical to apply strictly to NHSS data because
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our data do not state whether multiple reported tests belong to
the same diagnostic algorithm or are from unrelated testing
events. Therefore, the definition of stage 0 used for our analysis
of NHSS dataisbased only on the sequence of HIV test results,
and not on whether they were intended to constitute adiagnostic
algorithm. We classified the stage of disease at diagnosis as
stage 0 based on any of the following possible sequences of
positive (or reactive) and negative (or nonreactive) or
indeterminate HIV test results (as shown in Figure 1):

A. (1) Thefirst positive HIV test result was from an antibody
or antigen/antibody test; (2) it was accompanied (on the
same date) or followed within <60 days by a negative or
indeterminate result from an HIV antibody test or the
antibody component of a combination antigen/antibody
test; and (3) a positive HIV-1 nucleic acid test (NAT,
qualitative or viral load) result was within <180 days after
(or on the same date as) the negative or indeterminate test.

B. (1) The first positive HIV test result was an HIV-1 NAT
(and there was no positive antibody test on the same date)
and (2) the NAT was accompanied or followed within <60
days by a negative or indeterminate result from an HIV
antibody test or the antibody component of a combination
antigen/antibody test (regardless of whether there was a
later positive antibody test).

C. (1) Thefirst positive HIV test result was from an antibody
or antigen/antibody test; (2) it was accompanied or followed
by apositive NAT; and (3) both positive testswere followed
by (were not on the same date as) a negative or
indeterminate result from an HIV antibody test or the
antibody component of acombination antigen/antibody test
that was within <60 days after the first positive test.

D. (1) The first positive HIV test result was from an HIV-1
NAT; (2) it was followed by (was not on the same date as)
apositive result from an HIV antibody or antigen/antibody
test; and (3) both positive testswere followed by anegative
or indeterminate result from an HIV antibody test or the
antibody component of acombination antigen/antibody test
that was within <60 days after (not on the same date as) the
first positive test (NAT) but that could have been on the
same date as the second positive test (the antibody or
antigen/antibody test).

E. (1) A negative result from an HIV-1 qualitative NAT or a
negative or indeterminate result from an HIV antibody or
antigen/antibody test was followed within <180 days by,
and was not on the same date as, (2) the first positive HIV
test result, which was from an HIV-1 NAT.

F (1) A negative result from an HIV-1 qualitative NAT or a
negative or indeterminate result from an HIV antibody or
antigen/antibody test was followed within <180 days by,
and was not on the same date as, (2) thefirst positive HIV
test result, which wasfrom an HIV antibody or antigen test
that was confirmed by (3) a positive result from a second
(supplemental) HIV test of adifferent (orthogonal) type.

We defined preliminary subcategories of stage O (OA through
OF) based on each of the above sequences (A through F).
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Subcategory OA includes infections recognized as acute based
on results from a testing algorithm recommended by the
Association of Public Health Laboratories and the US Centers
for Disease Control and Prevention [11]. However, it also
includes a small proportion of sequences that did not conform
exactly to recommendations. For example, in asmall percentage
of those, the first positive result was from an antibody test that
could detect only immunoglobulin G antibody, which would
have been more appropriate as a supplemental test rather than
the initial test. In others, the negative test result was from an
antigen/antibody test that could detect both immunoglobulin M
and immunoglobulin G antibodies, which would have been
more appropriate as an initial test. Subcategory 0B includes
infections recognized as acute based on results from a testing
algorithm recommended for populations with a high incidence
of HIV infection, in which a specimen for a pooled NAT is
collected on the same date as the specimen for an initial HIV
antibody immunoassay that had a negative result [12].

Subcategories 0C and 0D would have been the same as OA and
0B, respectively, except that the negative or indeterminate
antibody or antigen/antibody test foll ows both the positive NAT
and the positive antibody or antigen/antibody test rather than
preceding or being between them (Figure 1). Subcategories0OC
and OD seem not to fit the criteria for stage O in the published
case definition [ 1] because their test sequences do not conform
to any recommended algorithm and they do not fit a testing
history of a negative result within 180 days before the first
positive result. We included them in stage O for this analysis
because we found them to be associated with high viral loads
characteristic of acute infection.

Subcategories OA through OD are mutually exclusive, but their
test sequences could overlap those of subcategories OE or OF
in some cases. If there was such an overlap, we classified the
cases in subcategories OA through 0D rather than in OE or OF
because the former are based on a more recent negative test
result than the latter and therefore are more likely to represent
acute infection. Subcategories OE and OF differ only by the fact
that the first positive test in OE was a NAT, while the first
positive test in OF was an antibody or antigen/antibody test.
Since the interval between the negative or indeterminate test
and the first positive test in OE or OF could be up to 180 days,
these two tests would generally not belong to the same testing
algorithm and most likely represent two separate testing events,
of which thefirst received the interpretation that HIV infection
was absent and the second that HIV was present.

We considered subcategories OA through OF as “preliminary”
because, after our preliminary analysis showed that
subcategories OA through OE were associated with high viral
loads soon after diagnosis (Tables 3-5), we combined
subcategories OA through OE into alarger subcategory named
“Oa” (assumed to approximate acute infection) and named the
remainder (subcategory OF) “OB” (assumed to consist mostly
of postacute early infection).
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Figurel. Test sequences defining stage O preliminary subgroups. Superscripts are asfollows: a) Positive “antibody” test resultsinclude positive results
from the antigen component or the antibody component of combination antigen or antibody tests. b) “ Negative antibody” test resultsinclude indeterminate
results from supplemental immunoglobulin G—only supplemental antibody tests and negative results from antigen or antibody tests in which only the
antibody component is negative or in which both the antigen and antibody components are negative. c) Positive nucleic acid tests (NATS) include
qualitative and quantitative (viral load) tests. d) Negative NATsinclude only qualitative NATSs.
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For our analysis, an undetectable viral load before the first
positive test result was not accepted as the negative HIV test
result indicative of the earliness of theinfection in subcategories
OE or OF An unpublished investigation (personal
communication from Galang RR and Peters PJ, December 2014)
found that such undetectable viral loads were not reliable
evidence of early infection but were instead often due to therapy
for established infections diagnosed on the basis of earlier test
results that had not been reported to the surveillance system.

Wedid not classify the stage at diagnosisas stage Oif areported
test result contradicted the first positive HIV test result or the
negative or indeterminate HIV test result that would have been
the indicator of earliness (ie, the contradictory test and the test
that it contradicted were on same date and of the same type but
had opposite results) because such contradictory results imply
that one of them was erroneous. This happened in 10.4%
(844/8077) of infections that would otherwise have met the
criteria for stage O (including some that were excluded from
our analysis for other reasons, eg, not having a reported viral
load within 6 weeks after diagnosis); these were instead
classified in other stages (1, 2, or 3) and kept in the analysis
unless removed for other reasons described above.
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The criteria for stage 0 took precedence over criteriafor more
advanced stages. If the criteria for stage O were not met, the
stage at diagnosis was defined by the earliest criteriafor stage
1, 2, or 3met within 3 months after diagnosis of HIV infection.
These criteria were based on a CD4 T-lymphocyte count or
percentage indicative of stage 1, 2, or 3, or diagnosis of an
opportunisticillnessindicative of stage 3[1]. If earliest criteria
were met for different stages (other than stage 0) in the same
month, the stage at diagnosi swas sel ected as the most advanced
of those stages.

Test Date

We defined a test date as the date on which the test specimen
was collected. This could pertain to the dates of the positive
and negative tests used for diagnosis of stage O or the date of
the earliest viral load after or on the same date asthe diagnostic
tests. In some cases, the first viral load could function as a
diagnostic test.

Diagnosis Date for HIV Infection

We defined the “ diagnosis date” asthe earliest date of objective
evidence of HIV infection, selected from the earliest of the
following 4 possible events: (1) thefirst positive HIV test (this
wasthe earliest objective evidencefor 96% of diagnoses, rarely
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was it several days earlier than the confirmatory test datein a
multitest algorithm); (2) the first diagnosis of an opportunistic
illness indicative of stage 3; (3) the first CD4 T-lymphocyte
count or percentage low enough to indicate stage 3; or (4) the
first “clinical” diagnosis of HIV infection documented in a
medical record but for which aprior positive HIV test result on
which the diagnosis was based could not be found by
surveillance staff (accounting for <1% of diagnoses). It should
be borne in mind that, for infections not diagnosed in stage 0,
the diagnosis date may be years after infection began,
particularly for infections diagnosed in stage 3. Among all
infections diagnosed in 2015, the estimated median interval
from infection to diagnosis was 3 years [13].

Statistical M ethods

Viral load datafor each patient were unavailable for each week
after diagnosis, as each individual was observed at only one
point in time (the date of his earliest vira load) in whichever
week it occurred. In aggregate, however, grouped by week after
diagnosis, we assumed that these data would simulate a
longitudinal series of weekly viral |oads representative of what
would have occurred in the average person in the study
population if that individual had been followed over time. We
calculated the median, 25th percentile, and 75th percentile for
the earliest viral loads by week after diagnosis for each stage
of disease at diagnosis and for each subcategory of stage 0. To
assess the possible effect of unreported antiretroviral drugs on
the speed of the declinein theviral load by week after diagnosis
among all infections diagnosed in stage 0, we compared results
for virad loads that had missing information on when
antiretroviral drugs were started with results for vira loads
reported to have been on or before the date when antiretroviral
drugs were started (assumed not to have been affected by such
drugs).

Totest the statistical significance of differences between median
viral loadsin two different stages, we did pairwise two-sample
Wilcoxon comparisons using PROC NPARIWAY in SAS
software, version 9.4 for Windows (SAS Institute, Inc, Cary,
NC, USA). We used the Dwass, Stedl, Critchlow-Fligner option
to generate multiple comparisons (eg, 6 combinations of pairs
from 4 categories [stages 0, 1, 2, and 3], or 10 combinations of
pairs from 5 categories [stage-0 subcategories Oa and OB and

Selik & Linley

stages 1, 2, and 3]) for each family of comparisons (one family
per week) [14]. We used Holm’'smethod for stepwise adjustment
of the significance threshold for each comparison to account
for the number of comparisons in each family [15,16]. This
adjustment was needed only if the P value was <.05 but >.001.

Thisanalysisdid not require approval by an institutional review
board because it used only data reported to the NHSS by state
or local public agencies as part of routine public health notifiable
disease surveillance of HIV infection. The Centersfor Disease
Control and Prevention has determined that the collection of
these data is not research as it is intended primarily for the
purpose of disease control. In addition, the dissemination of the
results of this analysis could not have any adverse effect on the
subjects to whom the data pertain because the tabulations do
not identify individuals.

Results

Among the 115,297 infections that remained in our analysis
after we applied the exclusion criteriadescribed above, the stage
of disease at diagnosis was stage O for 4.40% (5081/115,297),
stage 1 for 26.80% (30,910/115,297), stage 2 for 37.10%
(42,784/115,297), and stage 3 for 31.70% (36,522/115,297).
Among the infectionsin stage 0, the median earliest viral load
fell from 694,000 copies/mL in week 1 to 125,022 in week 2
and 43,473 by week 6 (Table 1; Figure 2). In stage 1, the median
earliest viral load alternated weekly between increasing and
decreasing, ranging from a high of 17,495 copies/mL in week
2toalow of 15,412 in week 5 (Table 1). In stage 2, the viral
load declined from 44,973 copies/mL in week 1 to 38,497 in
week 6 (Table 2). In stage 3, the viral load dropped from
205,862 copies/mL inweek 1to 167,297 in week 2 and 119,000
by week 6 (Table 2). In week 1, the median earliest viral load
for diagnosesin stage 0 was much higher than that for diagnoses
in stages 1, 2, or 3 (P<.001 for comparison of each pair of
results), but by week 2, it did not differ significantly from that
for diagnoses in stage 3 (P=.05), and by week 3, it had fallen
below that for diagnoses in stage 3 (P<.001). The median viral
load for diagnosesin stage 0 was higher than that for diagnoses
in stage 2 in weeks 1-4 (P<.001) but did not differ from it in
week 5 or 6 (P>.58).

Table 1. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, for stages 0 and 1. (See

Table 2 to compare with stages 2 and 3.)

Week Stage 0 Stage 1
N Median 25th-75th percentiles N Median 25th-75th percentiles

1 2635 694,000 82,510-5,177,075 12,214 16,219 2,235-67,608
ond 934 125,022 26,920-857,030 6476 17,495 3,335-55,845
grd 629 70,886 16,113-289,407 4694 15,694 3,310-48,100
4th 408 55,734 16,898-210,577 3363 16,500 3,690-50,734
gth 277 52,067 10,500-168,526 2418 15,412 3,100-45,774
eth 198 43,473 11,890-119,960 1745 16,649 3,347-46,236
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Figure2. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, comparing stages 0, 1,
2, and 3 and stage 0 subcategories O (0A+0B+0C+0D+0E) and O (OF).
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Table 2. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, for stages 2 and 3. See
Table 1 to compare with stages 0 and 1.

Week Stage 2 Stage 3
N Median 251-75M percentiles N Median 251-75" percentiles
18 17,098 44,973 13,200-137,765 20,094 205,862 75,700-537,471
ond 8968 42,892 14,400-107,936 6234 167,297 63,386-456,000
qrd 6357 39,800 13,994-99,185 4091 146,700 55,150-393,724
4th 4523 40,045 13,670-96,817 2726 144,840 53,085-405,503
sth 3326 41,549 14,544-101,780 1932 143,560 49,038-386,008
gth 2512 38,497 14,370-86,818 1445 119,000 44,620-359,040
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Table 3. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, for stage O preliminary

subcategories OA and 0B.

Week Subcategory OA Subcategory 0B

N Median 251-75M percentiles N Median 251-75" percentiles
18 1,083 1,258,925 238,487-7,413,102 408 1,307,793 210,000-9,768,809
ond 426 338,888 46,539-1,610,000 68 350,482 55,646-2,184,015
grd_gth 715 77,380 16,847-299,330 89 104,500 32,451-347,555

Table 4. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, for stage O preliminary

subcategories 0C and OD.
Week Subcategory 0C Subcategory 0D
N Median 25th-75th percentiles N Median 25th-75th percentiles
18 187 1,780,000 456,000-7,500,000 125 2,160,000 106,000-8,426,138
ond 76 635,690 77,402-4,393,963 11 1,778,279 155,054-4,579,249
grd_gth 71 75,300 11,000-550,398 24 64,294 22,292-237,806

Table 5. Median earliest viral load (in copies/mL) by week after diagnosis and stage of disease at diagnosis of HIV infection, for stage O preliminary

subcategories OE and OF.
Week Subcategory OE Subcategory OF
N Median 25th-75th percentiles N Median oth_75th percentiles
1st 224 1,346,776 139,122-5,934,603 608 70,114 11,233-271,000
2nd 17 294,798 60,656-756,500 336 44,467 8,456-125,087
3rd-6th 16 135,540 46,915-530,205 597 42,000 11,040-114,000

Inthefirst week after diagnosis, infectionsin stage O preliminary
subcategories 0OA, 0B, 0C, 0D, and OE had median vira loads
exceeding 1.2 million copiesymL compared with only 70,114
copies/mL for infections in subcategory OF (Tables 3-5). In
week 2, median vira loads for subcategories OA through OE
remained higher (>290,000 copiesmL) than the 44,467
copies/mL for subcategory OF, aswell as higher than the median
viral loads for stages 1 (17,495), 2 (42,892), and 3 (167,297,
P<.001 for each of these comparisons). Subcategories OE and
OF were both defined by a negative or indeterminate test result
within 180 days before the first positive test result (a positive
NAT for OE and apositive antibody test for OF), but their earliest
vira loads in the first 2 weeks after diagnosis differed greatly
(Table 5). This difference may be explained in part by the
interval between the first positive test result and the preceding
negative or indeterminate test result being short (1 or 2 weeks)
for a much greater proportion of infections in subcategory OE
(130/257, 51%) than in subcategory OF (139/1541, 9.0%) and
by the median value for this interval being only 9 days for
subcategory OE while being 98 days for subcategory OF. Due
to the small number of observations per week after week 2 for
subcategories 0D and OE, we combined weeks 3 through 6 into
asingletime period in Tables 3-5. Because of the similarity of
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findings for preliminary subcategories OA through OE evident
in Tables 3-5, we combined them into a larger subcategory
named “Oa” for further analysis by week and renamed
subcategory OF as“0B” (Table 6).

Median viral loadsin stage 0 subcategory Oa were higher than
those in subcategory OB in each of the first 4 weeks after
diagnosis (P<.001 for weeks 1, 2, and 3 and P=.008 for week
4, significant compared to aHolm-adjusted threshold of P=.02)
but did not differ significantly from them inweeks5 or 6 (P>.39;
Table 6). Themedian viral |oad for stage O subcategory Oa was
also much higher than that for stage 3in weeks 1 and 2 (P<.001)
but did not differ from it in week 3 (P=.09) and waslower than
that for stage 3 in weeks 4-6 (P<.001; Figure 2). Median viral
loads for subcategory Oa were higher than those for stage 2 in
weeks 1 through 4 (P<.001) but did not differ from them in
weeks 5 or 6 (P>.14). The median vira load for subcategory
0B was greater than that for stage 2 in week 1 (P<.001) but did
not differ from it in later weeks (P>.88). In every week, the
median viral load for stage O subcategory O was greater than
that for stage 1, and the median viral loads for stages 1, 2, and
3 differed significantly from one another in the same direction
asthe order of their names (ie, 1<2<3; P<.001).
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Table 6. Median earliest viral load (in copiesymL) by week after diagnosis and stage of disease at diagnosis of HIV infection, comparing stage 0

subcategory Oa with subcategory Op.

Week Subcategory Oa (OA+0B+0C+0D+0E) Subcategory 0B (OF)
N Median 25th-75th percentiles N Median 25th-75th percentiles

18 2027 1,344,590 228,000-7,630,000 608 70,114 11,233-271,000

ond 598 362,467 50,721-1,905,461 336 44,467 8,456-125,087

3rd 375 122,970 21,600-413,431 254 43,729 9,460-122,825

4th 243 77,100 19,570-301,190 165 42,300 13,900-131,377

sth 177 61,414 12,600-201,000 100 32,033 7,084-112,520

gth 120 47,320 8,628-171,652 78 41,606 19,120-87,670

Although high viral loads were much more common among
infections diagnosed in subcategory Oa than in subcategory O3
or stages 1, 2, or 3, a small percentage of infections in
subcategory OB and other stages did have high viral loads.
Earliest viral loads exceeding 500,000 copies/mL occurred in
11.6% (179/1541) of the infections in subcategory OB, 4.20%
(1310/30,910) of thosein stage 1, 7.10% (3039/42,784) of those
in stage 2, and 24.17% (8831/36,522) of those in stage 3
compared with 50.0% (1754/3540) of those in subcategory Oa.
Among infections in subcategory OB having a viral load of
>500,000 copies/mL, theinterval between the first positive test
and the last prior negative test ranged from 1 to 176 days (with
amedian of 66 days); it could have been up to 180 days by the
definition of OB.

Among the 3540 infections diagnosed in subcategory Oa, the
decline in the median earliest viral loads in the subgroup of
2834 cases with missing information on when antiretroviral
drugs were started was similar to that in the subgroup of 706
cases in which antiretroviral drugs were started no earlier than
the date on which theviral load specimen was collected. In each
of these subgroups, the median earliest viral load decreased by
more than half from week 1 to week 2 and did so again from
week 2 to week 3. By week 4, the median vira load in each
subgroup had decreased by >95% compared with its value for
week 1 (from 1,298,413 to 41,687 copies/mL among the 2834
caseswith missing antiretroviral information and from 1,485,669
to 73,809 copiesymL among the 706 cases reported to have
started antiretroviral drugs no earlier than the viral load date).

Discussion

Principal Findings

Our findings confirmed that early HIV infection, represented
by stage O, is associated with viral loads higher than those in
infections diagnosed in later stages of the disease. However,
thiswas true mainly in the first week after diagnosis, when the
median viral load among infections diagnosed in stage 0 was
more than three times than that among infections diagnosed in
stage 3.

We aso found that stage O preliminary subcategories OA, 0B,
0C, 0D, and OE, which we combined as subcategory Oa, were
associated with viral loads higher than those in preliminary
subcategory OF, which we renamed as subcategory Op3 (stage O

http://publichealth.jmir.org/2018/4/e10770/

= O0a + 0B). This difference should be expected because most
of Oa (preliminary subcategories0A, OB, OC, and OD) islimited
to diagnosesin which a negative or indeterminate antibody test
result indicative of the earliness of infection was either on the
same date as or <60 days after the first positive HIV test date,
and the median interval between the first positive HIV test and
the last prior negative test was much shorter for infections in
preliminary subcategory OE (9 days) than for those in
subcategory OF (98 days). Thus, a negative or indeterminate
test result was closer intimeto viral loadsin thefirst week after
diagnosis for most infectionsin subcategory Oa than it was for
most infectionsin subcategory OB. Thisallowed most infections
in subcategory OB to have enough time for complete
seroconversion and adeclinein theviral load beforeit wasfirst
measured. This difference between subcategories Oa and 03
could justify more urgent intervention to suppresstheviral load
and to provide partner services to prevent transmission if
infections are diagnosed in subcategory Oa rather than in
subcategory 0. If so, the NHSS software should be upgraded
to distinguish automatically between stage 0 subcategories Oa
and O to help health departmentsto account for this difference
when they prioritize prevention efforts.

On the other hand, 11.6% (179/1541) of infections in
subcategory OB had viral |oads>500,000 copies/mL., suggesting
that they might be acute infections. This happened despite an
interval of aslong as 176 days between the first positive HIV
test and the last prior negative test because the infection could
have started long after that last negative test and much nearer
to the first positive test date. In addition, a small percentage of
infectionsin stages 1 and 2 had viral loads exceeding 500,000
copies/mL. These might actually have been acute infections
that were misclassified in stages 1 or 2 because they were
missing negative or indeterminate HIV test results required to
be classified in stage 0. Therefore, when deciding which
infections should receive the highest priority for prevention of
transmission, consideration should be given not only to whether
the criteria are met for stage 0 subcategory Oa but also to
whether other evidence, such asahigh viral load near the time
of diagnosis, suggests acute infection.

If the restriction of our analysis to each patient’s earliest
detectable viral load succeeded in excluding viral loads
influenced by antiretroviral drugs, then our findings may
accurately reflect the natural trend of viral loads before
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suppression by drugs. Our success in excluding the influence
of antiretroviral drugs is suggested by the similarity of the
decline in median earliest viral loads in the subgroup of
subcategory Oa in which antiretroviral therapy was reported to
have started no earlier than the viral load specimen collection
date (when the earliest viral load was assumed not to have been
affected by antiretroviral drugs) and thosein the larger subgroup
with missing information about antiretroviral drugs. It is also
consistent with the similarity of the median viral loadswe found
for subcategory Oa and those found in a cohort of 19 untreated
high-risk persons in Thailand [17]. In that cohort, the median
viral load peaked at about 2,500,000 copies/mL in week 3 after
the diagnosis of acute infection, dropped to 63,000 copies/mL
inweek 6, and remained at about the samelevel up to 144 weeks
later in the absence of treatment. Similarly, in our study, the
median earliest viral loads for subcategory Oa dropped from
about 1,250,000 copies/mL inweek 1 to about 40,000 copies/mL
in week 6 after diagnosis. In contrast, our findings for
subcategory Oa differed from the lower viral loads found in a
cohort of 71 persons who received antiretroviral therapy
promptly after the diagnosis of acute infection, in which the
median viral load peaked at about 500,000 copies/mL in week
2 and dropped to about 2,500 copies/mL in week 4 and to <100
copies/mL after week 12[17]. If our findingsreflect viral loads
in the absence of antiretroviral therapy, then they imply that the
interval after diagnosis of acute HIV infection in which most
viral loads exceed 500,000 copies/mL lasts <2 weeks. Thus,
antiretroviral therapy to suppress the high viral loads of acute
infection may betoo late to make much differenceif not started
very shortly after diagnosis. By the third week after diagnosis,
the viral load would probably have spontaneously declined to
alevel similar to that found in stage 2.

Our analysis was intended to assess the extent to which early
infections have extremely high viral loads, as had been reported
among acute infections because such high viral loads demand
urgent intervention to prevent transmission. However, such
intervention in early infection should perhaps receive high
priority even after the acute phase, when the viral load has
declined to a more stable lower level, as some studies suggest
that the virusesin early infections may be more infectious than
those in later infections with similar viral loads. This may be
due to a partial immune response that develops in older
infections, which might favor viruses having mutations that
resist the immune response but at the expense of reducing their
transmissibility [18-20]. In addition, even if an infection is no
longer acute by the time of diagnosis, a diagnosis in stage 0
implies that the infection was recently acute and the viral load
was therefore probably very high (even if only briefly), so
transmission to recent sex partners would be more likely than
if the infection had been diagnosed in a later stage. Therefore,
such postacute early infections should also receive high priority
for partner services. Another reason to give priority to
intervention in stage 0, even after viral loads have declined, is
that treatment of HIV infection within 6 months after the start
of infection (approximately the time frame of stage 0) could
reduce the patient’srisk of morbidity and mortality. Such early
treatment is associated with asmaller HIV reservoir size, lower
levels of immune activation, and a higher probability of
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restoration of CD4 T-lymphocyte counts to normal levels
[17,21-25].

Limitations

Our analysis was limited by its dependence on the negative or
indeterminate HIV test results needed to meet criteriafor stage
0 being reported by health departments to the NHSS database
at the Centers for Disease Control and Prevention. Health
departments may be unable to report these resultsto the NHSS
if laboratories and health care providers do not report them to
health departments. It may also be impossible for health care
providersto recognize most early HIV infections because most
HIV-infected patients may not present themselvesfor diagnostic
evaluation until after complete seroconversion (when HIV tests
would no longer have negative or indeterminate results) and
because even patients who arrive during acute HIV infection
may not be tested for it until after seroconversion if physicians
do not suspect it as its symptoms are nonspecific. Early
infectionsmay then be misclassified aslater infections, including
some as stage 3 (A1DS) because low CD4 T-lymphocyte counts
and opportunistic illnesses meeting criteria for stage 3
sometimes occur transiently in acute infection [26,27].

The stage of HIV disease at diagnosis found in our analysis
depended on the frequency with which persons were tested for
HIV infection, which can be estimated from theinterval between
HIV tests before diagnosis, based on data collected after
diagnosis. Among the 6.94% (14,128/203,392) of al persons
reported with HIV infection who had at least one reported
negative HIV test result >28 days before diagnosis (implying
it was from a prior testing event rather than part of a multitest
algorithm on which a diagnosis of acute infection was based),
the median interval between successive tests (calculated from
the last 1-6 negative tests before diagnosis or between the
diagnosis date and the last prior negative test) increased as the
stage at diagnosis became more advanced. It rosefrom 121 days
for stage O, to 406 daysfor stage 1, to 533 days for stage 2, and
to 1,098 days for stage 3 (P<.001 Wilcoxon test for each pair
of stages compared). The longer intertest intervals, leading to
diagnostic delays, may reflect less accessto and use of the health
care system.

The wide range between the 25th and 75th percentiles of the
earliest viral loads for each stage and week after diagnosis
(Tables 1 and 2) to some extent may be due to misclassification
of the stage of disease “at diagnosis.” Classification in stages
1, 2, or 3 could have been based on a CD4 count specimen
obtained up to 3 months (16 weeksif just under 4 months) after
diagnosis, during which time the CD4 count level could have
changed greatly from what it was on the exact date of diagnosis
or the earliest viral load. Among infections diagnosed in stage
0, the wide range of earliest viral loads could have been duein
part to differencesin the interval between the start of infection
and the diagnosis date, during which viral loads could have
risen from low to high levels and then fallen back.

Our analysis was aso limited by the fact that data from the
NHSS areincompl ete (eg, missing the day component of some
dates, sometest results, information about antiretroviral drugs)
and sometimes of questionable quality (eg, contradictory test
results). We compensated for these limitations in NHSS data
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by cleaning them in various ways, such as by excluding
observations with incomplete dates or supposedly earliest viral
loads that were reported to be undetectable or extremely low
(0-19 copies/mL) and excluding those cases from stage O that
had contradictory results (positive and negative) from apparently
the same type of test on the same date. Even after the exclusion
of these observations, our use of NHSS data brought the
advantage of a much larger number of observations than could
have been obtained from a study limited to patients receiving
care from a small number of providers.

Thefinal study population of 115,297 persons, which accounted
for 56.7% of the 203,392 US residents reported with HIV
infection diagnosed during 2012-2016, may not have been
representative of all US residents because its demographic and
other distributions differed significantly (P<.001, chi-square
test) from those of the 88,095 persons excluded from the study
population. In the study population, non-Hispanic whites were
more common (32,447/115,297, 28.14% versus 20,534/88,095,
23.30%), non-Hispanic blacks were less common
(46,821/115,297, 40.60% versus 41,214/88,095, 46.78%),
persons aged >35 years at diagnosis were more common
(52,334/115,297, 45.40% versus 36,550/88,095, 41.48%), the
proportion residing in the Southern US region was lower
(54,419/115,297, 47.19% versus 46,917/88,095, 53.25%), the
proportion for which the transmission category was “men who
had sex with men” was higher (66,009/115,297, 57.25% versus
46,411/88,095, 52.68%), the proportion reported with no
identified HIV risk factor was lower (22,908/115,297, 19.86%
versus 20,684/88,095, 23.47%), and the proportion whose
infection was diagnosed after 2014 was higher (48,298/115,297,
41.89% versus 32,114/88,095, 36.45%). However, these
differences between the included and excluded populations do
not mean that our findings about stage-specific trends in viral
loads in the first 6 weeks after diagnosis were invalid or that
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wewould not have found similar trends among excluded persons
if the missing data on test results and test dates that was the
reason for excluding them had been available.

We interpreted the decreasing trends in earliest viral loads by
week after diagnosisasif they represented resultsfor individuals
followed weekly in the absence of therapy, but actually each
individual was observed at only one point in time (the date of
hisearliest viral load). Longitudinal data on weekly viral loads
for individuals who were not receiving antiretroviral drugs
would have provided ascientifically sounder basisfor analyzing
viral load trends during the first several weeks after diagnosis,
but such a study would not have been practical or ethically
feasible, as current treatment guidelines recommend starting
therapy soon after diagnosis [28].

Conclusions

In summary, we confirmed that viral loads among infectionsin
early infection (stage 0) are generally several times higher than
those in later stages at diagnosis, particularly during the first
week after diagnosis. By the 4th week, however, they are
generally lower than thosein stage 3. Viral loads are also higher
for subcategory Oa of stage O than for subcategory OB in the
first 4 weeks after diagnosis. These findings may be useful in
allocating prevention resources by indicating which infections
should receive the highest priority for urgent intervention. Where
health departments do not have the resources to intervene
immediately for all persons with a new diagnosis of HIV
infection to ensure linkage to care, counseling to prevent
transmission, and partner services, they should give higher
priority to those with infections diagnosed in stage O, especially
those in subcategory Oa or known to have recently had a high
viral load, and should try to do so within the first 2 weeks after
diagnosis.

References

1.  Centersfor Disease Control and Prevention (CDC). Revised surveillance case definition for HIV infection--United States,
2014. MMWR Recomm Rep 2014 Apr 11;63(RR-03):1-10 [FREE Full text] [Medline: 24717910]

2. Daar ES, Moudgil T, Meyer RD, Ho DD. Transient high levels of viremiain patients with primary human immunodeficiency
virustype 1 infection. N Engl J Med 1991 Apr 04;324(14):961-964. [doi: 10.1056/NEJM 199104043241405] [Medline:

1823118]

3. Clark SJ, Saag MS, Decker WD, Campbell-Hill S, Roberson JL, Veldkamp PJ, et al. High titers of cytopathic virusin
plasmaof patients with symptomatic primary HIV-1 infection. N Engl JMed 1991 Apr 04;324(14):954-960. [doi:

10.1056/NEJM 199104043241404] [Medline: 1900576]

4.  Fiebig EW, Wright DJ, Rawal BD, Garrett PE, Schumacher RT, Peddada L, et a. Dynamics of HIV viremia and antibody
seroconversion in plasma donors: implications for diagnosis and staging of primary HIV infection. AIDS 2003 Sep
05;17(13):1871-1879. [doi: 10.1097/01.aids.0000076308.76477.b8] [Medline: 12960819]

5. Kassutto S, Rosenberg ES. Primary HIV type 1 infection. Clin Infect Dis 2004 May 15;38(10):1447-1453. [doi:

10.1086/420745] [Medline: 15156484]

6.  Soogoor M, Daar ES. Primary human immunodeficiency virustype 1 infection. Curr HIV/AIDS Rep 2005 Jun;2(2):55-60.

[Medline: 16091249

7. Miller WC, Rosenberg NE, Rutstein SE, Powers KA. Role of acute and early HIV infection in the sexual transmission of
HIV. Curr Opin HIV AIDS 2010 Jul;5(4):277-282 [FREE Full text] [doi: 10.1097/COH.0b013e32833a0d3a] [Medline:

20543601]

http://publichealth.jmir.org/2018/4/e10770/

JMIR Public Health Surveill 2018 | val. 4 | iss. 4 |e10770 | p.166
(page number not for citation purposes)


https://www.cdc.gov/mmwr/preview/mmwrhtml/rr6303a1.htm?s_cid=rr6303a1_w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24717910&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199104043241405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1823118&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199104043241404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1900576&dopt=Abstract
http://dx.doi.org/10.1097/01.aids.0000076308.76477.b8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12960819&dopt=Abstract
http://dx.doi.org/10.1086/420745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15156484&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16091249&dopt=Abstract
http://europepmc.org/abstract/MED/20543601
http://dx.doi.org/10.1097/COH.0b013e32833a0d3a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20543601&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Selik & Linley

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Wawer MJ, Gray RH, Sewankambo NK, Serwadda D, Li X, Laeyendecker O, et al. Rates of HIV-1 transmission per coital
act, by stage of HIV-1 infection, in Rakai, Uganda. J Infect Dis 2005 May 01;191(9):1403-1409. [doi: 10.1086/429411]
[Medline: 15809897]

Centers for Disease Control and Prevention (CDC). Recommendations for partner services programs for HIV infection,
syphilis, gonorrhea, and chlamydial infection. MMWR Recomm Rep 2008 Nov 07;57(RR-9):1-83; quiz CE1 [FREE Full
text] [Medline: 18987617]

Green N, Hoenigl M, Chaillon A, Anderson CM, Kosakovsky PSL, Smith DM, et a. Partner servicesin adults with acute
and early HIV infection. AIDS 2017 Jan 14;31(2):287-293 [FREE Full text] [doi: 10.1097/QA D.0000000000001308]
[Medline: 27831950]

Kuruc JD, Cope AB, Sampson LA, Gay CL, Ashby RM, Foust EM, et a. Ten Years of Screening and Testing for Acute
HIV Infection in North Carolina. J Acquir Immune Defic Syndr 2016 Jan 01;71(1):111-119 [FREE Full text] [doi:
10.1097/QA1.0000000000000818] [Medline: 26761274]

Centersfor Disease Control and Prevention, Association of Public Health Laboratories. CDC Stacks Public Health
Publications. Atlanta, Georgia, USA: Centersfor Disease Control and Prevention; 2014 Jun 27. Laboratory Testing for the
Diagnosisof HIV Infection: Updated Recommendations URL : https://stacks.cdc.gov/view/cdc/23447 [accessed 2018-10-16]
[WebCite Cache ID 73DHqgjYL]

Dailey A, Hoots B, Hall H, Song R, Hayes D, Fulton P, et al. Vital Signs: Human Immunodeficiency Virus Testing and
Diagnosis Delays - United States. MMWR Morb Mortal Wkly Rep 2017 Dec 01;66(47):1300-1306 [ FREE Full text] [doi:
10.15585/mmwr.mm6647el] [Medline: 29190267]

SAS/STAT(R) 13.2 User's Guide. Cary, NC: SAS Institute Multiple comparisons based on pairwise rankings URL : http:/
/support.sas.com/documentation/cdl/en/statug/67523/HTM L /defaul t/viewer.htm#statug_nparlway_details21.htm [accessed
2018-10-15] [WebCite Cache ID 6ydFBChcF]

Holm S. A simple sequentially rejective multiple test procedure. Scand J Statistics 1979;6(2):65-70 Published by Wiley on
behalf of the Board of the Foundation of the Scandinavian Journal of Statistics [FREE Full text]

Aickin M, Gendler H. Adjusting for multiple testing when reporting research results: the Bonferroni vs Holm methods. Am
JPublic Health 1996 May;86(5):726-728. [Medline: 8629727]

Ananworanich J, Chomont N, Eller LA, Kroon E, Tovanabutra S, Bose M, RV217RV 254/SEARCHO010 study groups. HIV
DNA Set Point is Rapidly Established in Acute HIV Infection and Dramatically Reduced by Early ART. EBioMedicine
2016 Sep;11:68-72 [FREE Full text] [doi: 10.1016/].ebiom.2016.07.024] [Medline: 27460436]

Parrish NF, Gao F, Li H, Giorgi EE, Barbian HJ, Parrish EH, et al. Phenotypic properties of transmitted founder HIV-1.
Proc Natl Acad Sci U SA 2013 Apr 23;110(17):6626-6633 [ FREE Full text] [doi: 10.1073/pnas.1304288110] [Medline:
23542380]

Hollingsworth TD, Anderson RM, Fraser C. HIV-1 transmission, by stage of infection. JInfect Dis 2008 Sep 1;198(5):687-693
[FREE Full text] [doi: 10.1086/590501] [Medline: 18662132]

MaZ, Stone M, Piatak M, Schweighardt B, Haigwood NL, Montefiori D, et al. High specific infectivity of plasmavirus
from the pre-ramp-up and ramp-up stages of acute simian immunodeficiency virus infection. JVirol 2009
Apr;83(7):3288-3297 [FREE Full text] [doi: 10.1128/JV1.02423-08] [Medline: 19129448]

Jain V, Hartogensis W, Bacchetti P, Hunt PW, Hatano H, Sinclair E, et al. Antiretroviral therapy initiated within 6 months
of HIV infection is associated with lower T-cell activation and smaller HIV reservoir size. J Infect Dis 2013 Oct
15;208(8):1202-1211 [FREE Full text] [doi: 10.1093/infdis/jit311] [Medline: 23852127]

Burdo TH, Lentz MR, Autissier P, Krishnan A, Halpern E, Letendre S, et al. Soluble CD163 made by monocyte/macrophages
isanovel marker of HIV activity in early and chronic infection prior to and after anti-retroviral therapy. JInfect Dis 2011
Jul 01;204(1):154-163 [FREE Full text] [doi: 10.1093/infdis/jir214] [Medline: 21628670]

Buzon MJ, Martin-Gayo E, PereyralF, Ouyang Z, SunH, Li JZ, et al. Long-term antiretroviral treatment initiated at primary
HIV-1 infection affects the size, composition, and decay kinetics of the reservoir of HIV-1-infected CD4 T cells. J Virol
2014 Sep 01;88(17):10056-10065 [FREE Full text] [doi: 10.1128/JV1.01046-14] [Medline: 24965451]

Hey-Cunningham WJ, Murray JM, Natarajan V, Amin J, Moore CL, Emery S, PINT study team. Early antiretroviral therapy
with raltegravir generates sustained reductionsin HIV reservoirs but not lower T-cell activation levels. AIDS 2015 May
15;29(8):911-919. [doi: 10.1097/QAD.0000000000000625] [Medline: 25730509]

Okulicz JF, Le TD, Agan BK, Camargo JF, Landrum ML, Wright E, et al. Influence of the timing of antiretroviral therapy
on the potential for normalization of immune statusin human immunodeficiency virus 1-infected individuals. JAMA Intern
Med 2015 Jan;175(1):88-99 [FREE Full text] [doi: 10.1001/jamainternmed.2014.4010] [Medline: 25419650]

Byers DK, Decker CF. Unusual case of Pneumocystisjiroveci pneumoniaduring primary HIV infection. AIDS Read 2008
Jun;18(6):313-317. [Medline: 18623893]

Hong K, Kim SI, Kim Y J, Wie SH, Kim YR, Yoo J, et al. Acute cytomegal ovirus pneumonia and hepatitis presenting
during acute HIV retroviral syndrome. Infection 2011 Apr;39(2):155-159. [doi: 10.1007/s15010-010-0074-4] [Medline:
21246249]

http://publichealth.jmir.org/2018/4/€10770/ JMIR Public Health Surveill 2018 | val. 4 | iss. 4 |e10770 | p.167

(page number not for citation purposes)


http://dx.doi.org/10.1086/429411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15809897&dopt=Abstract
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5709a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr5709a1.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18987617&dopt=Abstract
http://europepmc.org/abstract/MED/27831950
http://dx.doi.org/10.1097/QAD.0000000000001308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27831950&dopt=Abstract
http://europepmc.org/abstract/MED/26761274
http://dx.doi.org/10.1097/QAI.0000000000000818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26761274&dopt=Abstract
https://stacks.cdc.gov/view/cdc/23447
http://www.webcitation.org/73DHqgjYL
https://dx.doi.org/10.15585/mmwr.mm6647e1
http://dx.doi.org/10.15585/mmwr.mm6647e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29190267&dopt=Abstract
http://support.sas.com/documentation/cdl/en/statug/67523/HTML/default/viewer.htm#statug_npar1way_details21.htm
http://support.sas.com/documentation/cdl/en/statug/67523/HTML/default/viewer.htm#statug_npar1way_details21.htm
http://www.webcitation.org/6ydFBChcF
http://www.jstor.org/stable/4615733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8629727&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-3964(16)30330-9
http://dx.doi.org/10.1016/j.ebiom.2016.07.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27460436&dopt=Abstract
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=23542380
http://dx.doi.org/10.1073/pnas.1304288110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23542380&dopt=Abstract
http://www.jid.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=18662132
http://dx.doi.org/10.1086/590501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18662132&dopt=Abstract
http://jvi.asm.org/cgi/pmidlookup?view=long&pmid=19129448
http://dx.doi.org/10.1128/JVI.02423-08
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19129448&dopt=Abstract
http://europepmc.org/abstract/MED/23852127
http://dx.doi.org/10.1093/infdis/jit311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23852127&dopt=Abstract
http://europepmc.org/abstract/MED/21628670
http://dx.doi.org/10.1093/infdis/jir214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21628670&dopt=Abstract
http://jvi.asm.org/cgi/pmidlookup?view=long&pmid=24965451
http://dx.doi.org/10.1128/JVI.01046-14
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965451&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000000625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25730509&dopt=Abstract
http://europepmc.org/abstract/MED/25419650
http://dx.doi.org/10.1001/jamainternmed.2014.4010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25419650&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18623893&dopt=Abstract
http://dx.doi.org/10.1007/s15010-010-0074-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21246249&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Selik & Linley

28. Pand on Antiretroviral GuidelinesFAAA. Department of Health and Human Services. Guidelinesfor the use of antiretroviral
agentsin HIV-1-infected adults and adol escents URL : http://aidsinfo.nih.gov/contentfil es/lvguidelines/Adul tandAdolescentGL.
pdf [accessed 2018-04-12] [WebCite Cache ID 6ydFgY SpY]

Abbreviations

HI1V: human immunodeficiency virus
NAT: nucleic acid test
NHSS: National HIV Surveillance System

Edited by T Sanchez; submitted 13.04.18; peer-reviewed by E Mokotoff, B Saafir-Callaway; comments to author 22.06.18; revised
version received 10.07.18; accepted 18.07.18; published 05.11.18.

Please cite as:

SHik RM, Linley L

Viral Loads Within 6 Weeks After Diagnosis of HIV Infection in Early and Later Stages: Observational Study Using National
Surveillance Data

JMIR Public Health Surveill 2018;4(4):e10770

URL: http://publichealth.jmir.org/2018/4/e10770/

doi:10.2196/10770

PMID: 30401660

©Richard M Sdlik, Laurie Linley. Originaly published in IMIR Public Health and Surveillance (http://publichealth.jmir.org),
05.11.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the origina work, first published in IMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the origina publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

http://publichealth.jmir.org/2018/4/e10770/ JMIR Public Health Surveill 2018 | val. 4 | iss. 4 |e10770 | p.168
(page number not for citation purposes)

RenderX


http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/AdultandAdolescentGL.pdf
http://www.webcitation.org/6ydFgYSpY
http://publichealth.jmir.org/2018/4/e10770/
http://dx.doi.org/10.2196/10770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30401660&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Dulli et d

Original Paper

An Online Support Group Intervention for Adolescents Living with
HIV in Nigeria: A Pre-Post Test Study

Lisa Dulli*, MHS, PhD; Kathleen Ridgeway*, MSPH; Catherine Packer?, MSPH; Kate F Plourde®, MPH; Tolulope
Mumuni®, MSc; Tosin Idaboh®, MBBS, MPH, MSc, FMCPH; Adesola Olumide’, MBBS, MPH, FWACP, FMCPH:
Oladosu Oj engbede“, MBBS, BSc., FMCOG, FWACS, FICS; Donna R McCarraher?, MPH, PhD

lDepartment of Program Sciences and Technical Support, Health Services Research, Family Health International (FHI 360), Durham, NC, United States
2Department of Reproductive, Maternal, Newborn and Child Health, Family Health International (FHI 360), Durham, NC, United States
3Department of Program Sciences and Technical Support, Research Utilization, Family Health International (FHI 360), Durham, NC, United States
4Center for Population and Reproductive Health (CPRH), College of Medicine, University of Ibadan, Ibadan, Nigeria

5NigeriaCountry Office, Family Hedlth International (FHI 360), Abuja, Nigeria

Corresponding Author:

LisaDulli, MHS, PhD

Department of Program Sciences and Technical Support, Health Services Research
Family Health International (FHI 360)

359 Blackwell Street

Durham, NC, 27701

United States

Phone: 1 919 544 7040

Email: Idulli @fhi360.0rg

Abstract

Background: Adolescents living with HIV (ALHIVSs) enrolled in HIV treatment services experience greater |oss to follow-up
and suboptimal adherence than other age groups. HIV-related stigma, disclosure-related issues, lack of social support, and limited
HIV knowledge impede adherenceto antiretroviral therapy (ART) and retentionin HIV services. The 90-90-90 goalsfor ALHIVs
will only be met through strategies targeted to meet their specific needs.

Objectives. We aimed to evaluate the feasibility of implementing a social media-based intervention to improve HIV knowledge,
socia support, ART adherence, and retention among ALHIV aged 15-19 yearson ART in Nigeria.

Methods: We conducted a single-group pre-post test study from June 2017 to January 2018. We adapted an existing support
group curriculum and delivered it through trained facilitatorsin 5 support groups by using Facebook groups. This pilot intervention
included five 1-week sessions. We conducted structured interviews with participants before and after the intervention, extracted
clinical data, and documented intervention implementation and participation. In-depth interviews were conducted with a subset
of participants at study completion. Quantitative data from structured interviews and group participation data were summarized
descriptively, and qualitative data were coded and summarized.

Results: A total of 41 ALHIV enrolled in the study. At baseline, 93% of participants reported existing phone access; 65% used
the internet, and 64% were Facebook users. In addition, 37 participants completed the 5-session intervention, 32 actively posted
commentsin at least one session online, and at |east half commented in each of the 5 sessions. Facilitators delivered most sessions
asintended and on-time. Participants were enthusiastic about theintervention. Aspects of theintervention liked most by participants
included interacting with other ALHIVs; learning about HIV; and sharing questions, experiences, and fears. The key
recommendations were to include larger support groups and encourage more group interaction. Specific recommendations on
various intervention components were made to improve the intervention.

Conclusions: Thisnovel intervention was feasible to implement in a predominantly suburban and rural Nigerian setting. Social
media may be leveraged to provide much-needed information and socia support on platforms accessible and familiar to many
people, even in resource-constrained communities. Our findings have been incorporated into the intervention, and an outcome
study is underway.

Trial Registration: ClinicaTrials.gov NCT03076996; https://clinicaltrials.gov/ct2/show/NCT03076996 (Archived by WebCite
at http://lwww.webcitation.org/730CCEBBC).
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Introduction

Despite important gaps in our understanding of the HIV
epidemic among adolescents (age, 10-19 years), avail able data
indicate that this age group experiences high rates of new HIV
infection, has less access to treatment, and is more likely to
discontinue treatment and die from HIV-related causes than
other age groups [1,2]. More than 80% of adolescents living
with HIV (ALHIVs) are in sub-Saharan Africa, where, despite
considerable progress, treatment coverage remains challenging:
By 2016, less than 50% of ALHIVs received treatment [1-3].
Between 2010 and 2016, HIV-related mortality among
adol escents decreased by 5% globally and 14% in Eastern and
Southern Africa; however, in Western and Central Africa, the
related mortality increased by 15% [2].

In 2016, nearly 50% of HIV-related deaths among adolescents
in Western and Central Africa occurred in Nigeria [2]. One
contributing factor to the high mortality may be poor treatment
retention among ALHIVs. A 2016 study of youth (age, 14-24
years) initiating antiretroviral therapy (ART) in Nigeria found
that they were less likely to remain in treatment at 12 months
(46% vs 53%) and more likely to experience treatment
disruptions (>3 months between clinic visits) in their first year
on ART than older adults (relative risk=1.15, P=.008) [4].

Fear of stigmaor disclosure, lack of social support, and limited
knowledge about the disease, compounded by the physical,
social, and psychological changes of adolescence, create
numerous challenges to successful treatment [5-10]. For
example, adolescence is a time when relationships outside of
the immediate family, such as those with peers, become very
important [11]; however, because of HIV-related stigma and
discrimination, ALHIVsrarely disclosetheir statusto their peers
for fear of losing them, which can negatively impact their
psychosocial well-being and treatment [12-13].

Evidence of effective interventions to improve treatment
outcomes among ALHIVs, particularly in low- and
middle-income countries, is limited [14-15]. ALHIVs are aso
less likely than adults or younger children to be targeted with
interventions to improve health outcomes [14,15]; however,
someintervention strategies designed for adults may be effective
for ALHIVs. Emerging evidence supports group counseling
and structured support groups as effective ways to improve
adherence and retention among adults [16-21]. Digital health
interventions such as mobile phone reminders improved
adherence among adults in some low- and middle-income
countries [22-27]. Two recent studies targeting youth in South
Africa and the United States demonstrated that online social
network interventions could be acceptable and feasible in this
population [28-29].

According to a 2014 survey, 89% of Nigerians aged > 18 years
owned amobile phone[30]. A 2012 study in Nigeriafound that

http://publichealth.jmir.org/2018/4/€12397/

more than half of the females aged 12-30 years owned a phone,
and almost al who did not own a mobile phone had access to
one [31]. The rapid increase in mobile phone use in Nigeria
indicates the potential of digital health strategies to help meet
the support needs of ALHIVs.

In this study, we aimed to develop and test the feasibility and
acceptability  of a  structured support group
intervention—SMART (Social Media to promote Adherence
and Retention in Treatment) Connections—which is delivered
through a social media platform to improve retention in HIV
health servicesand ART adherence among ALHIVsaged 15-19
yearsin periurban southern Nigeria.

Methods

Design

We conducted a mixed-methods, single-group, pre-post test
study from June 2017 to January 2018. Participants were
recruited from 3 health facilities in Akwa Ibom State and
enrolled to receive 5 intervention sessions [32]. Data were
collected through face-to-face interviews using a structured
guestionnaire at baseline and endpoint. In-depth interviews
(IDIs) with a subset of purposively selected participants were
conducted at endpoint and stratified by participation level.
Participation data were collected using a Facebook group
analyticstool [33]. The FHI 360 Protection of Human Subjects
Committee, Durham, North Carolina, and the University of Uyo
Teaching Hospital Ethics Committee Uyo, Akwa Ibom State,
Nigeria, approved this study. Written informed consent was
obtained from adult participants aged =18 years. Written parental
permission and adolescent assent were obtained from
participants aged 15-17 years.

SMART Connections: Development and Description

SMART Connectionswas designed to promote ART adherence
and retention in HIV services by leveraging informational,
emotional, and network dimensions of social support. Content
was adapted from sessions of the Positive Connections: L eading
Information and Support Groups for Adolescents Living with
HIV guide, to be delivered online through “secret” Facebook
groups [34]. Secret Facebook groups limit membership and
access to those invited and added by a group administrator.
Content in secret Facebook groups can be seen only by
members. These groups cannot be found through online search
engines and do not appear on Facebook users timelines;
therefore, otherswho are not part of the group cannot determine
whether a person isamember of a secret group [35].

I ntervention componentsincluded informational messages and
moderated group discussions, and 5 of 14 Positive Connections
sessions were included in this study: Understanding HIV;
Disclosure and Developing Trust in Relationships; Treatment
and Adherence; Nutrition and Hedth; and Sex and
Relationships. Sessions included activities for the facilitators
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to post and subsequently lead discussions. Within each session,
the activities included the following: At a glance, to introduce
the topic of the week (Figure 1); word of the week, to define
one key concept for the topic (Figure 2); cartoons, to tell astory
related to the topic (Figure 3); key messages, to deliver
important information; quizzes, to assess participants
knowledge and stimulate discussion; and group discussions
moderated by facilitators. Four facilitators, recruited from
exi sting community-based organizations and previously trained
to lead in-person support groups for people living with HIV,
received a 1-week training on the intervention.

Study support groups began with an initial, in-person meeting
during which participants met each other and the facilitator.
Thefacilitator described the intervention and the group agreed
upon ground rules for interactions, emphasizing the need to
maintain confidentiality for group interactions. All participants
received a basic maobile phone (also known as a feature phone)
that could access Facebook, regardless of current phone
ownership, because our primary interest was to determine
whether theintervention could beimplemented as designed and
if participants would engage in it, given the opportunity.
Participants selected the cellular network on which the phone
was registered and were allowed to keep the phones at the end
of the study. Each participant received 1000 Naira (USD 3.33)
of data each month to facilitate participation, corresponding to
1.5-2 gigabytes of data monthly, depending on the network
provider. This amount of data translates roughly to 300-400
social media posts with photos [36].

Sample Size and Sampling Design

We aimed to enroll 40-50 ALHIVsto form 5 support groups of
8-10 individuals. Eligibility criteriafor ALHIVs for inclusion
in the study were age, 15-19 years; on ART for >6 months; and
basic literacy to participate in online chats. Literacy was
assessed by data collectors during dligibility screening by asking
the participant to read aloud three short sentences from the
intervention content. If the data collector determined that the
participant could read all or most of the sentences, the person
was deemed eligible. Participants who could not read at all or
struggled with al three sentences were deemed ineligible.
ALHIVswho planned to move from the area before the end of
the study, were enrolled in an in-person support group, were
enrolled in another HIV-related research study, or werecritically
or severely ill at enrollment were excluded from the study.

http://publichealth.jmir.org/2018/4/€12397/
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Eligible participants were sequentially recruited during clinic
visits. Additionally, participants were identified from medical
records by aclinic staff and contacted by telephoneto tell them
about the study and, if interested, to cometo thefacility tolearn
more about the study. 1DIs were conducted for 8 participants
with moderate to high active participation and 8 participants
with no to low active participation at the study endpoint.

M easures

We collected demographic information of participants (sex,
age, relationship status, education, occupation, and religion)
and their HIV infection (date of diagnosis, date of start of ART,
disclosure to others, vira load, and CD4 [cluster of
differentiation 4] results). We also collected data on
preintervention access to mobile phones, the internet, and
experience with socia media.

We measured intervention implementation and participation
using Grytics software[33]. To measure fidelity, we determined
if intervention activities occurred within 1 week of when they
were scheduled and the proportion of scheduled activities
completed. In addition, we measured if and how participants
participated in each scheduled activity. Group members could
participate in several ways. commenting on a scheduled post,
“liking” or “reacting” to apost or comment, making anew post,
or commenting on or reacting to others' posts. IDIs explored
participants’ experiences with the intervention.

Data Analysis

Quantitative datawere analyzed descriptively and independently
verified by a second analyst. For participation data, posts
(original message) and comments (repliesto apost) were equally
weighted and each assigned a value of 1. Participation was
categorized into approximate quartiles of total posts over the 5
sessions: none to very low (0-5 total posts), low (6-20 posts),
moderate (21-50 posts), and high (=51 posts).

IDIs were audio recorded and transcribed into English. Some
IDIswere conducted inlocal languages and then simultaneously
transcribed and translated. Qualitative data were analyzed by
an applied thematic approach using NVivo 11 [37,38]. A
codebook was created on the basis of the interview guide, and
emergent thematic codes were added during analysis. Two
analysts coded the transcripts and checked 12% of the transcripts
for intercoder reliability. Summary memos documented overall
themes related to the study objectives.
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Figurel. Ataglance. *ART: antiretroviral therapy.

At a glance

= HIV weakens the immune system and
makes it harder tor your body to protect
vau from getting sick.

« There is no cure for HIV or AIDS.

* People with HIV can live healthy lives if
they take medicines for HIV called ART*.

= Follow your doctor’s instructions for
taking ART®,

« Taking ART* as your doctor tells you can
make you feel better and lower the
chances of you infecting others.

Figure 2. Word of the week.

Disclosure:

telling someone you
have HIV
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Figure 3. Sample cartoon. *ART: antiretroviral therapy.
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1 Abigail is 15 years Before she leaves, she checks this Abigail : She counts her pills

: old and takes ART.* list. It helps her remember to checks the : to make sure she has

I take her ART.* expiration | enough to take them

Ablqad I D S”PFlti dateon | theway her doctor

: the ART* 1 told her to.
Adheres : Shei L EWH Daﬂ 3 : D D Day 3

1 els : | H‘ljl njf ay
to ART* I going home D Same, Time ~ -

! for a holiday (] Storoge eS| 1 = @ % @

. and will be T Avotner M :
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1 for three days. 1 (] Fod ) 1 3

Results

A total of 41 adolescents enrolled in the study and completed
a baseline interview, of whom 38 started the intervention and
35 completed the endpoint questionnaire. A flow chart
describing the identification, enrollment, and follow-up of
participants is presented in Figure 4.

Severa individualsinitially deemed dligible accordingto clinical
records were later found to be ineligible due to incorrect age
information in their medical records. Of those confirmed to
meet eligibility criteria, 13 parents or guardiansrefused to allow

their child to participate, 5 of whom stated they had not yet
disclosed their child’'s HIV status to him or her.

Participantswere nearly equally divided by sex (Table 1). About
half of the participants were enrolled in school, mostly in
secondary school, and one-quarter were employed. All
participants had ahome or primary residence. Most participants
had been on ART for >4 years; 90% (37 of 41) had at |east one
CD4 cell count test recorded in their medical record, but only
73% (30 of 41) had aviral load test recorded in their medical
record (Table 1). Among those with a recorded viral load, half
were virally suppressed (Table 1). All participants who were
not virally suppressed had viral loads >5000 copiesmL (data
not shown).

Figure 4. Study flow chart. * ALHIV: adolescent living with HIV. **In 5 cases, the guardians refused to |et the child participate because they had not
yet disclosed their child's HIV status to him or her. ***One participant did not complete the endpoint structured interview, but completed the in-depth

interview.

| 112 ALHIVs* eligible per clinic records

>

37 (33% of initial eligible) ALHIVs* not reached - did not
return to clinic and were not reachable bv phone

75 (67 % of initial eligible) ALHIVs*
informed about the study

A J

14 (19% of informed) not eligible on screening
- 7(9%) due to age
- 6 (8%) due to inability to read
- 1(1%) not on ART >6 months

61 (81% of informed) ALHIVs*
confirmed eligible for the study

20 (33% of confirmed eligible) refused to

»| participate
- 13**(21%) parents refused
r - 7(11%) ALHIVs* refused
41 (67.2% of confirmed
eligible) enrolled

v

r

6 (15% of enrolled) did not complete study

- 1(2%) excluded before intervention due to
inadequate reading level despite meeting eligibility
criteria at enrollment

- 1(2%) excluded before intervention due to acute
illness that prevented participation

- 1(2%) chose to drop out due to difficulties
connecting to cellular network in her area

- 3%%* (7%) completed the intervention, but were not
reachable for the endline interview

35 (85% of enrolled) completed the study
and contributed full data to analysis
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Table 1. Participant characteristics at baseline.

Dulli et a

Characteristic (N=41) Vaue
Sex, n (%)

Female 22 (53)

Male 19 (46)
Age (years), median (range) 17 (15-19)
Currently employed, n (%) 11 (26)
Education, n (%)

Currently enrolled in secondary school 18 (43)

Currently enrolled in postsecondary school 2(4)

Not currently enrolled, completed secondary school 15 (36)

Not currently enrolled, completed some secondary school 6 (14)
Among those in school, location of residence during school (n=20), n (%)

Live at home 19 (95)

Boarding school 0(0)

With afriend’s family 1(5
Has a primary household, n (%) 41 (100)
Religion, n (%)

Christian denomination 41 (100)
Time on antiretroviral therapy?® (years), median (range) 4.0 (0.5-11.0)

CD4° cell count at last test (cells/ul)®, median (range)

viral load at last test®, n (%)
Suppressed viral load (<1000 copies/mL)
Unsuppressed (=1000 copies/mL)
Viral load (copies/mL), median (range)

414 (16-957)

15 (50)
15 (50)
31,210 (5338-936,973)

8Data for 6 participants missing.
BCD4: cluster of differentiation 4.
“Datafor 4 participants missing.
dDatafor 11 participants missing.

Three-quarters of all participantslived with one or both parents,
and the rest lived with other family members, including one
participant who was married and lived with the spouse (Table
2). The mgjority (68%) reported that at least one parent knew
of their HIV status; fewer participants had other family members
who knew their status, and only 3 (7%) reported that a close
friend knew their status. Six participants stated they were in
romantic relationships, and all but one participant reported that
their partner knew their HIV status; 5 of the 6 participants knew
their partner's HIV status.

Feasibility

At baseline, nearly all participants (93%) had existing access
to a phone, and most (66%) ever used the internet (Table 3).
Nearly all participants (96%) who used the internet had used
Facebook. Among those who had phone access before this study,

most reported difficulty charging phones (79%) or running out
of airtime or phone credit (97%) sometimes or often.

http://publichealth.jmir.org/2018/4/€12397/

Nearly al participants (92%) who completed the endpoint
structured interview reported that connecting to Facebook was
somewhat or very easy, and 97% stated that they wrote
comments or asked questions during sessions (Table 4).

Participant Engagement

Most participants who completed the endpoint questionnaire
(34 of 35) participated in the intervention sessions (Table 5).
The mgjority of intervention participantstook partinall sessions
and reported actively commenting or asking questions at some
point.

Participation varied widely by session and group (Figure 5).
Within groups, participation varied considerably (Figure 6).
Each group had 1-3 members who were considerably more
active than the others. Two participants made >100 posts (327
and 155 posts; Figure 6).
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Table 2. Relationships and disclosure status at baseline.

Characteristic (N=41) n (%)
Liveswith
Both parents 14 (34)
Mother only 12 (29)
Father only 5(12)
Spouse or partner 1(2
Other relative (sister, grandparents, cousin, aunt, or uncle) 9(21)

Otherswho know the participant’sHIV status®

Parent(s) 28 (68)
Sibling(s) 12 (29)
Other family member(s) 14 (34)
Close friend(s) 3(7)
Religious leader 3(7)
No one 3(7)

Relationship status”

Married 12

Unmarried, in arelationship 5(12)

Single 34.(85)
Spouse, girlfriend, or boyfriend knows the participant's HIV status (n=6)° 5(83)

Spouse, girlfriend, or boyfriend hasHIV (n=6)

Yes 2(33)
No 3(50)
Don't know 1(16)

3\iore than one response possible.
bData for one participant missing.
®One person reported that no one knew her status besides the health providers, but then reported that her partner knew her status.
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Table 3. Mobile phone and internet use from the baseline questionnaire.
Characteristic (N=41) n (%)

M obile phone access

None 3(7)
Has own basic phone 16 (39)
Has own smart phone 3(7)
No personal phone but has access to phone in household 19 (46)

Among those who own or have accessto phone (n=38)

Ways of typically using the phone®

Make voice calls 38 (100)
Send texts or SMS? 34(91)
Send group textsor MM S 12 (32)
Accessinternet 21 (55)
Access social media 22 (57)

Frequency of running out of airtime or credit

Rarely 1(2

Sometimes 27 (71)

Often 10 (26)

Frequency of facing difficulty charging phone

Never or Rarely 8(21)

Sometimes 25 (65)

Often 5(13)
Ever used the internet 27 (65)

Among those who ever used theinternet (n=27)

Source of internet access®

Own computer or laptop 0(0)
Computer or laptop in household 2(7)
Computer or laptop at friend’s house 5(18)
Cyber cafe 2(7)
Own phone or tablet 9(33)
Phone or tablet in household 21 (77)
Friend's phone 1(3)

Ever used social media sites®

Facebook 26 (96)
WhatsApp 12 (44)
Instagram 3(1))
Other (Twitter, Palmchat, IMO) 7(25)

3Vl ore than one response possible.
bDatafor one participant missing.
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Table4. Intervention access reported in the endpoint questionnaire.
Parameter (N=35) n (%)
Used the study phone to connect to Facebook 34 (97)

Status of the study phone at endpoint

In participant’s possession 33(94)
Stolen 2(5)
Participated in the intervention at least once 34 (97)

Among those who participated at least once (n=34), level of ease connecting to Facebook with the phone

Very difficult 2(5)
Somewhat easy 11(32)
Very easy 21 (61)

Table5. Intervention engagement in the endpoint questionnaire.

Parameter (N=34)2 n (%)

Logged in at least oncefor a session

Session 1—Understanding 29 (85)
Session 2—Disclosure and trust? 20 (65)
Session 3—Treatment and adherence® 25 (76)
Session 4—Nutrition and health 29 (85)
Session 5—Sex and relationships 30(88)
Ways engaged
Read what the facilitator posted® 33 (100)
Read comments posted by others 34 (100)
“Liked” comments by others® 26 (87)
Wrote comments or asked questions 33(97)

Engagement level during scheduled intervention (by number of posts or comments, n=38)€

Very low (0-5) 11 (29)
Low (6-20) 11 (29)
High (21-50) 9(24)
Very high (51-327) 7(18)

@0ne participant did not participate in the online group in the endpoint questionnaire and was not asked the questions in this table.
bpatafor 3 participants missing.

®Datafor 1 participants missing.

dDatafor 4 participants missing.

€All participants who started the intervention.

One group (Group 5) was the most active group overall, and IDI respondents mentioned issues with cellular networks,
the group’sfacilitator wasthe most active among all facilitators  including poor connectivity or slow data speed, of whom 2
(Figure 7). Similarly, the group with the lowest member participants lacked network coverage when they traveled and
participation had afacilitator with the lowest activity. 3 had persistent network problems at home. One of them

Challenges to Participation commented the following:

Through the IDIs, we explored the challenges faced during
implementation that might affect participation. Just over half
of the 16 1DI respondents mentioned occasional problemswith
charging their phone or running out of data. About one-third of

Whenever | don't have data | can't use the
internet...when you are chatting online, like you are
chatting somehow it can cut off. [low engager,
15-year-old mal€]
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Figure 5. Group posts per session.
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Figure 7. Number of posts or comments by group facilitators per session.
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During the session on adherence, participants were asked to
upload a photo of an adherence plan; however, none of the
participants did so. Several IDI respondents described
difficulties with photo uploads as the reason for not uploading
an adherence plan photo. One other IDI respondent noted that
the pictures did not always display correctly on his phone.

One DI respondent said he thought another group member was
sharing information publicly from the Facebook group, although
he did not state that his HIV status or that of others was
compromised:

Some of our members...will just pick what supposed
to be post in [group name] to public Facebook and
everybody will seeit. | used to see some of them, some

Table 6. Proportion of activities posted and posted on time per session.

M Session 2 ® Session 3

Dulli et &

Session 4 W Session 5

people who are in the public group start asking
questions, are you, where, who are, where are
from...So0 sometimes | used to sit them down in the
Facebook and warn them. [ high engager, 18-year-old
male]

Fidelity to Design

Overall, each of the facilitators for the 5 groups posted most of
the scheduled activities and did so on time (Table 6). Quizzes
(polls) aimed to assess knowledge and stimulate discussion
proved problematic. IDI respondents noted that quizzes did not
appear correctly formatted on their phones. In response,
facilitators posted quiz questions and response options as
comments.

Parameter Session1 (6 activi- Session2 (7 activi- Session 3 (7 activi- Session4 (7 activi- Session5 (7 activi-  All sessions, %
ties), % ties), % ties), % ties), % ties), %

Proportion of all activities posted (regardless of timing)
Group 1 100 100 100 71 100 94
Group 2 100 100 86 100 100 97
Group 3 100 100 100 100 86 97
Group 4 83 86 14 43 71 60
Group 5 100 100 100 100 85 97
All groups 97 97 80 83 88

Proportion of scheduled activities posted on time (within 1 week of schedule)
Group 1 100 100 100 71 100 94
Group 2 100 100 86 100 100 97
Group 3 100 100 100 100 86 97
Group 4 83 57 0 43 71 51
Group 5 100 100 100 43 0 69
All groups 97 a1 77 71 71 N/A®

8N/A: not applicable.
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I ntervention Acceptability

All participants who completed the endpoint questionnaire
agreed that the intervention was useful: They enjoyed taking
part in the Facebook group, felt comfortable with the facilitator
and other group members, and wanted to continue to participate
in the group (Table 7). In addition, participants unanimously
felt that the Facebook group intervention was a good way for
ALHIVsto interact and would recommend the group to other
ALHIVs.

When asked to describe what they liked about the intervention,
IDI respondents, both low and high engagers, most commonly
reported that they enjoyed the intervention because it was
educational or informative. They enjoyed “chatting,” sharing
experiences, and communicating with other ALHIV's; it helped
them take care of themselves and their health (eg, most
commonly, taking drugs on time) and felt supported or
encouraged:

| ama very timid and shy person. But theintervention
helped me. There are certain things | was able to
overcome. | felt so miserable when | found out that
I’m positive but after interacting with people, | find
out that | don't have to kill myself or die or feel
miserable...| have decided to open up and feel good
about myself. [low engager, 18-year-old femalg]

It has affected my life in a way that, | don’t have
anything like stigmatizationinme | don’'t and | don’t
feel someone can discriminate me then | will start
looking down on myself. | feel comfortable, | feel |
have confidence in myself. Like disclosure, I'm not
afraid, am not shame, I'm not shy to expose
everything to my partner whenistimeto get married.
o, | really like it has really done a lot of things in
my life. [high engager, 18-year-old mal€]

A few participants mentioned that they liked the confidentiality

of the online forum and learning how to use Facebook:

| feel safe from exposing my status to other people.
It was very good, | like it...\Well, what | feel about

http://publichealth.jmir.org/2018/4/€12397/
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having a Facebook group is very, very secured. [high
engager, 18-year-old mal€]

One participant was concerned about people learning of her
HIV status by looking at the phone, but now feels comfortable:

Atfirst, | wasvery scared. | waslike what if someone
should just carry my phone and see and say ha! what
isthis? But | was scared,...later on | became used to
it, | wasn’t afraid if someone should pick up my phone
and seeit. [high engager, 18-year-old femal €]
A few participants said they did not like low participation from
other group members:

There's something | didn’t like because we were 8 in
number in that group and anytime or sometimeswhen
I goonline, | will only see only one chat or sometimes
| won't see anybody. [high engager, 16-year-old male]

Future Directions

Participants had few specific recommendations to change the
intervention. Recommendations from the endpoint
guestionnaires (Table 7, n=34) included the following:
encourage group members to be more active (23%); increase
the size of the group (14%); provide better instructions for
Facebook (8%); and use of other social media, specifically
WhatsA pp (5%). Two participants thought some group members
may require more explanation on using Facebook in terms of
etiquette for posting comments. When asked whether both sexes
should be included in future groups, 94% of endpoint
guestionnaire respondents said yes (Table 7). Just over half the
participants (55%) favored inclusion of older youths, but several
wanted to cap the age at 19 years. Participants who wanted to
include older youths said younger participants could learn from
older participants; those who preferred the current age range
said younger ALHIVsmay be afraid or less open to interacting
with older youths. When asked whether they would prefer to
be part of an online support group, in-person support group, or
both, 58% of participants preferred an online group only and
41% preferred both groups. None of the participants preferred
an in-person support group without the online group.
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Table 7. Participants' perspectives on the intervention in the endpoint questionnaire.

Characteristic (N=34)2 n (%)
Agreewith thefollowing
Enjoyed being a member of the online support group 34 (100)
Received useful information 34 (100)
Participating in the group improved understanding of HIV 34 (100)
Felt comfortable interacting with other HIV-positive young people in the group 34 (100)
Felt comfortable interacting with the group facilitator 34 (100)
Made new friends in the group 30 (88)
Would like to continue to be part of the group 34 (100)
Thinks Facebook groups are agood way for AL HIVP to interact 34 (100)
Thinks Facebook groups are agood way for support group leaders to get information to ALHIV's 34 (100)
Would recommend this group to other young people living with HIV 34 (100)
Waysto improve the intervention
Encourage participation 8(23)
Increase group size 5(14)
Improve participant knowledge on Facebook use 3(8)
Include WhatsApp texting 2(5)
Specify atimeto log in and be active 1(2
More encouragement for participants to ask questions 1(2
Encourage phone calls between participants 1(2
Have a monthly group meeting 1(2
Introduce the intervention el sewhere so others can benefit 1(2
Recommendationsfor future group structure
Groups should remain mixed sex 32 (94)
Groups should include older youths (aged up to 21 or 22 years) 19 (55)
Would prefer support group that met
Online only 20 (58)
In-person only 0(0)
Combined online and in-person 14 (41)

3 n the endpoint questionnaire, one participant said they did not participate in the online group and was not asked the questionsin this table.

BALHIV: adolescents living with HIV

Discussion

This online support-group intervention was feasible to
implement and highly acceptable among the ALHIVs who
participated in the study. We obtained important information
on specific challenges and ways to improve the intervention in
order to enhance delivery and participation.

The level of active participation varied, within and across
groups, whichissimilar to in-person support groups[21]. Group
participation appeared to correlate with facilitator activity,
although other factors such aslogistic issues also played arole
inindividual participation within groups. Notably, thefacilitator
with the lowest overall participation performed the worst on
timely and complete posting of sessions. In the future,

http://publichealth.jmir.org/2018/4/€12397/

experienced, dynamic facilitators with adequate mastery of
intervention delivery should be recruited; however, even
participants with low active participation reported high levels
of satisfaction and appear to have benefitted from the
intervention. With social media, the ability to follow
conversations may alow those who are not comfortable
commenting, to learn from others in the group [39,40]. Basic
literacy was an important factor to the success of the
intervention. Education levels are relatively high in southern
Nigeria; 75.9% of women aged 15-49 years have completed
some secondary school or higher education [41]. As such,
implementing this intervention for individuals with low
education levels could prove more difficult.

The time taken for identification and enrolment of adolescents
through health facilities was longer than anticipated. Although
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Nigeriabearsthe second-highest burden of HIV on the continent
in terms of absolute numbers of people infected [42], its
prevalence is relatively low, with higher pockets of
concentration in certain geographic areas [43]. According to
the recently conducted AIDS Indicator Survey in Akwa Ibom
State (2017), HIV prevalence among adolescents aged 15-19
yearsis 1.5% [44]. Facility staff attempted, without success, to
reach severa patients through their recorded contact
information, which highlights the challenge of poor retention
in health care services among thisage group. Although inclusion
of fewer eligible participants than antici pated complicated study
enrollment, it supports the potential role of an online
intervention that does not require individuals to live near each
other or travel to adesignated location and could connect people
across a broader geographic area.

We also faced a few challenges during implementation of the
study. Considering the limitations of the study phones, future
interventions should use smartphones, which are increasingly
popular and affordable, even in low- and middle-income
countries [45]. Network coverage problems also limited use of
the intervention among some participants. Despite these
challenges, most subjects participated in most sessions.

Surprisingly, all participants who voiced an opinion preferred
online support groups, either alone or in combination with an
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in-person group, but none of them preferred in-person groups
alone. The global trend toward use of and comfort with social
media among young people seems to have reached youths in
periurban and rural southern Nigeria [46].

This study had a few limitations. The nonprobability sample
prevents generalization of the results beyond the study sample.
Socia desirability biasmay play arolein participants responses
to questions about the intervention. In addition, we adapted only
5 of 14 sessions from Positive Connections; therefore, we do
not know if participation may change with alonger curriculum.
Moreover, we could not determine if facilitators drove
participation or group member participation drove facilitator
engagement.

In conclusion, thisfeasibility study demonstrated that an online
support group intervention was both feasible and acceptable
among ALHIVs in southern Nigeria Our results provide
guidance on changes required to enhance participation. Based
on these findings, we have adapted the intervention and
expanded it to include the remaining Positive Connections
topics. A subsequent randomized controlled trial will test the
cost-effectiveness of this revised intervention to improve HIV
treatment outcomes.
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Abstract

Background: International guidelines recommend avoiding prostate-specific antigen (PSA)-based prostate cancer screening in
theelderly when life expectancy islessthan 10 years. For younger men, most recommendations encourage a shared decision-making
process taking into account patient comorbidities.

Objective: The objective was to assess the performance of PSA-based prostate cancer screening in men older than 74 years and
assess whether the presence (vs absence) of comorbidities was related to the performance of PSA testing in younger men aged
50 to 74 years who were eligible for screening.

Methods: We analyzed data from the French national health care database (L oire-Atlantique geographic area). We reported the
follow-up of two cohorts of men from April 1, 2014, to March 31, 2016: 22,480 men aged over 74 years and 98,107 men aged
50 to 74 years. We analyzed whether these patients underwent PSA testing after 2 years of follow-up and whether PSA testing
performance was related to the following patient-related variables: age, low income, proxy measures indicative of major
comorbidities (repeated ambulance transportation, having one of 30 chronic diseases, taking 5 or more drugs per day), or proxy
measures indicative of specific comorbidities (cancer diseases, cardiovascular diseases, or psychiatric disorders). Statistical
analysis was based on a multivariate mixed-effects logistic regression.

Results: The proportion of patients who underwent a PSA-based screening test was 41.35% (9296/22,480) among men older
than 74 years versus 41.05% (40,275/98,107) among men aged 50 to 74 years. The following factors were associated with less
frequent PSA testing in men older than 74 years—age (odds ratio [OR] 0.89, 95% CI 0.88-0.89), low income (OR 0.18, 95% CI
0.05-0.69), suffering from a chronic disease (OR 0.82, 95% CI 0.76-0.88), repeated ambulance transportation (OR 0.37, 95% Cl
0.31-0.44), diabetes requiring insulin (OR 0.51, 95% CI 0.43-0.60), dementia (OR 0.68, 95% CI 0.55-0.84), and antipsychotic
treatment (OR 0.62, 95% CI 0.51-0.75)—whereas cardiovascular drug treatment was associated with more frequent PSA testing
(OR 1.6, 95% CI 1.53-1.84). Thefollowing factors were associated with less frequent PSA testing in men aged 50 to 74 years—Ilow
income (OR 0.61, 95% Cl 0.55-0.68); nonspecific conditions related to frailty: suffering from a chronic disease (OR 0.80, 95%
Cl 0.76-0.83), repeated ambulance transportation (OR 0.29, 95% CI 0.23-0.38), or chronic treatment with 5 or more drugs (OR
0.89, 95% CI 0.83-0.96); and various specific comorbidities. anticancer drug treatment (OR 0.67, 95% CI 0.55-0.83), diabetes
requiring insulin (OR 0.55, 95% CI 0.49-0.61), and antiaggregant treatment (OR 0.91, 95% CI 0.86-0.96)—whereas older age
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(OR 1.07, 95% CI 1.07-1.08) and treatment with other cardiovascular drugs (OR 2.23, 95% CI 2.15-2.32) were associated with

more frequent PSA testing.

Conclusions: Inthisstudy, 41.35% (9296/22,480) of French men older than 74 years had a PSA-based screening test. Although
it depends on patient comorbidities, PSA testing remains inappropriate in certain populations.

(JMIR Public Health Surveill 2018;4(4):€10352) doi:10.2196/10352

KEYWORDS

prostate cancer; screening; prostate-specific antigen testing; general practice; primary care

Introduction

Prostate-specific antigen (PSA)-based screening for prostate
cancer is chalenging for both clinicians and policy makers
[1-2]. Based on the most recent evidence [3-6], the US
Preventive Services Task Force modified its recommendation
in 2017 [7-8]. While the previous 2012 version recommended
against screening regardless of patient age, the latest draft is
consistent with previous French and Canadian guidelines
published in 2014 and 2015 [8-11].

These guidelines recommend avoiding screening in the elderly.
The evidence shows that prostate cancer is slow growing, the
10-year survival rate is higher than 95%, and rates of
overdiagnosis are elevated in older men [12]. In totdl, there is
aconsensusthat screening may result in more harm than benefit
in the elderly [8-11,13-14], and French guidelines recommend
avoiding screening in men older than 74 years because they
have a life expectancy shorter than 10 years [9-10].

Most recommendations encourage an individual approach for
men aged 50 to 69 years [8-11,13-14] based on a shared
decision-making process [15-16]. Thresholds provided by the
US Preventive Services Task Force define a narrower group,
limiting eligibility for screening to men aged 55 to 69 years,
while French guidelines consider men aged 50 to 74 years
[8-10]. However, the philosophy of these recommendations is
similar, reporting that clinicians should inform eligible men
about the potential benefits and harms of PSA-based screening.
Screening probably offers a small benefit of reducing the
probability of dying of prostate cancer, but many men will
experience harmsfrom screening, including false-positive results
that require additional testing, possible prostate biopsy,
overdiagnosis, overtreatment, and possible treatment
complications such asincontinence and impotence [ 7-8,17-18].

In France, as in various other countries, general practitioners
(GPs) prescribe the majority of PSA tests [19]. Various tools
and decision aids have been developed to help GPs share and
personalize the screening decision with their patients, integrating
eligible men’svaluesand medical characteristics[20-22]. From
a medical perspective, based on scientific evidence, patients
with an expected survival of less than 10 years should remain
unscreened. To our knowledge, there is no agorithm allowing
arobust assessment of survival for an individual, but screening
decisions should at a minimum be related to patients
comorbidities [8-14,18]. Implementation of a shared
decision-making process is difficult, and previous authors
reported that 41% of French men underwent prostate cancer
screening based on PSA between 2008 and 2010 [23-24].

http://publichealth.jmir.org/2018/4/€10352/

Screening decisions might mainly depend on GPs primary
goals[2]. Itisunclear whether ashared decision-making process
would lead to decisions based on scientific evidence or whether
the patient might make a decision without any consideration of
medical factors, such as comorbidities or life expectancy.

Thefirst objective of this study was to assess the inappropriate
performance of PSA testing in men older than 74 years. The
secondary objective was to assess whether the presence (vs
absence) of comorbidities was related to the performance of
PSA testing in younger men aged 50 to 74 years who were
eligible for screening.

Methods

Design, Setting, and Patients

We used the French national health care system’s administrative
database to collect longitudinal follow-up datafrom two cohorts
of male patients. Access to the anonymized data was provided
by the national health careinsurance services, which participated
in the study after receiving permission from the health care
insurance authorities.

All patients eligible for the study lived on the west coast of
France in the Loire-Atlantique geographical area (1,346,592
inhabitants), were over the age of 50 years, and were affiliated
with one of the 1183 GPs who practiced in the geographical
area at the beginning of the study (April 1, 2014). Patients who
changed their GP during the study period were excluded from
the analysis regardless of the reason (ie, retirement, death, or
career move). Patients were excluded if (1) they were currently
being treated for prostate cancer using any of the following
drugs. abiraterone, bicalutamide, cyproterone, degarelix,
diethylstilbestrol,  enzalutamide, flutamide, goserelin,
leuprorelin, nilutamide, or triptorelin; (2) PSA testing was
prescribed by aurologist (to avoid theinclusion of patientswith
prostate cancer); or (3) the patient died during the study period.

Patients were grouped into 2 cohorts: (1) 50- to 74-year-old
patients eligible for prostate cancer screening and (2) patients
older than 74 years for whom screening should be avoided.

Main Outcome Measure

We analyzed whether the patients had undergone PSA testing
during the 2-year follow-up period using the French
Classification of Medical Acts (code 7318), and the rate of
patients screened during the study period was cal culated for the
2 cohorts.
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Data Extraction From National Health Carelnsurance
Records

Patient characteristics were collected as follows: age, whether
the patient had alow income (defined as an annual income less
than 8593 € [US $9992] for an individual or less than 12889 €
[US $14,925] for a couple), and proxy measures indicative of
major comorbidities. Frail individual swerefirst identified using
the following nonspecific proxy measures. whether the patient
required repeated ambulance transportation during the study
period (6 times or more), whether he had one of 30 chronic
diseases leading to reimbursements for facilities, and whether
his chronic treatment included 5 or more drugs per day. Frail
individuals were aso identified by the following specific
comorbidities (the related proxy measures are provided in
parentheses):

Cancer diseases (31 anticancer drugs and tumor-related factors
such as carcinoembryonic antigen, CA-19-9 antigen, and
sguamous cell carcinoma—related antigen)

«  Cardiovascular diseases (number of cardiovascular drugs
used for chronic treatment and chronic insulin use)

«  Psychiatric disorders such as dementia (anticholinesterasic
treatment or memantine) or major psychiatric disorders
(chronic treatment with either antipsychotics or more than
3 psychiatric drugs)

« Variables indicative of other comorbidities (oxygen at
home, more than 8 serum urea and creatinine tests during
the 2-year study period, or more than 4 alpha-fetoprotein
tests during the study period)

Patients with clinical symptoms of benign prostate hyperplasia
(dysuria or prostatism) were identified using a proxy
measure—treatment with one of the following drugs: alfuzosin,
doxazosin, dutasteride, finasteride, prazosin, Pygeum africanum,
Serenoa repens, silodosin, tamsulosin, and terazosin.

Statistical Analysis

Wefirst reported the patient and GP characteristics. All analyses
were then performed using R version 3.3.1 statistical software
(R Foundation for Statistical Computing) and SAS version 9.4
(SAS Ingtitute Inc). For all statistical analyses, the patient was
considered the statistical unit. Descriptive statistics were
reported using means, standard deviations, and frequency
distributions. A first analysis focused on patients older than 74
years, for whom screening should be avoided. A second analysis
was performed for patients aged 50 to 74 years, for whom
screening should be based on a shared decision-making process.
Bivariate analysis was used to compare men who had a PSA
test to men who did not using a chi-square test or Student t test.
Variableswith a P<.20 were entered into the logistic regression
model. A backward procedure based on Akaike information
criterion minimization was then performed on these data in
order to select the discriminant patients’ characteristics. Finally,
we adjusted the previous selected model on the genera
practitioner factor as a random effect in a mixed model. An
alphalevel of .05 was chosen to assess statistical significance.
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Ethics Statement

Ethics approval and specific written informed consent from the
participants were not required for thisretrospective cohort study
performed in France.

Results

Retrospective Cohort Constitution

In total, 129,392 men aged over 50 years were affiliated with
GPs practicing in the Loire-Atlantique geographical areaat the
beginning of the study. However, 8805 of these patients were
excluded for thefollowing reasons: 774 individual sdied during
the study period, 6829 patients GP stopped practicing during
the study period, and 1202 men underwent prostate
cancer—elated treatment. In total, the study reported the 2-year
follow-up of 120,587 men who were affiliated with 968 GPs:
98,107 were aged 50 to 74 years and 22,480 were older than 74
years.

Patient and General Practitioner Char acteristics

The mean age of the GPs was 53.1 (SD 9.3) years, and 591
(61.1%) were men. Among the GPs, 56.2% (544/968) had an
urban practice, 36.5% (353/968) had a semirural practice, and
7.3% (71/968) had arura practicein citieswith fewer than 2000
inhabitants. The mean number of male patients older than 50
years who visited the physicians during the study period was
124.6 (SD 72.3). Figure 1 shows that the probability of
undergoing a PSA screening test, both in the cohort of men aged
50 to 74 years and in the cohort of men older than 74 years,
varied depending on which physician a patient consulted.

The mean patient age was 64.6 (SD 10.5) years. A low income
was identified in 1.96% (2367/120,587) of al patients. A total
of 36.21% (43,663/120,587) of al patients suffered from one
of 30 severe chronic diseases related to reimbursement of
facilities. Other characteristics provided insightsinto frailty and
comorbidities (Table 1).

Proportion of Patients Who Underwent
Prostate-Specific Antigen Testing During the 2-Year
Study Period

The proportion of patients who received a PSA test during the
2-year study period was not lower in the cohort of men older
than 74 years than in the cohort of men aged 50 to 74 years:
41.35% (9296/22,480, 95% Cl 40.7-42.0) vs 41.05%
(40,275/98,107, 95% CI 40.7-41.4).

Factors Associated With Prostate-Specific Antigen
Testing in the Cohort of Men Aged Older Than 74
Years

In the cohort of men older than 74 years, the following factors
were associated with PSA testing: (1) age (oddsratio [OR] 0.89,
95% CIl 0.88-0.89; (2) low income (OR 0.18, 95% CI 0.05-0.60);
(3) nonspecific conditions related to frailty: chronic disease
(OR 0.82, 95% CI 0.76-0.88) and repeated ambulance
transportation (OR 0.37, 95% CI 0.31-0.44); and (4) various
specific comorbidities: diabetes requiring insulin (OR 0.51,
95% CI 0.43-0.60), dementia(OR 0.68, 95% Cl 0.55-0.84), and
antipsychoatic treatment (OR 0.62, 95% CI 0.51-0.75; Table 2).
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Higher screening rates were observed in patients treated for
cardiovascular diseases (compared to no cardiovascular
treatment), and these rates remained high regardless of the
number of drugs taken: 1 or 2 cardiovascular drugs (OR 1.6,
95% Cl 1.53-1.84), 3 or 4 cardiovascular drugs (OR 1.73, 95%
Cl 1.57-1.91), or 5 or more cardiovascular drugs (OR 1.64, 95%

Rat et &

Cl 1.46-1.84). The following patient characteristics were not
significantly correlated with lower PSA testing: having oxygen
at home, more than 8 urea/creatinine tests during the study
period, and morethan 4 al pha-fetoprotein tests during the study
period.

Figure 1. Distribution of prostate-specific antigen (PSA) testing performance rates according to general practitioner (GP; defined as the proportion of

patients who underwent PSA testing in each GP's patient panel).
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Table 1. Patient characteristicsin 2 age-based cohorts of patients: 50 to 74 years and older than 74 years.
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Characteristics Totd patients Patients aged 50 to 74 Patients older than 74
(N=120,587) years (n=98,107) years (n=22,480)
Ageinyears, mean (SD) 64.6 (10.5) 60.7 (6.9) 81.6 (5.1)
Low socioeconomic status® n (%) 2367 (1.96) 2344 (2.39) 23(0.10)
Frail individual, n (%)
Chronic disease status 43,663 (36.21) 29,875 (30.45) 13,788(61.33)
Repeated ambulance transportation 929 (0.77) 391 (0.40) 538 (2.39)
Chronic treatment with =5 drugs 19,212 (15.93) 12,277 (12.51) 6935 (30.85)
Cancer disease (treated with anticancer drug), n (%) 780 (0.65) 515 (0.52) 265 (1.18)
Cardiovascular disease, n (%)
Number of cardiovascular drugs
0 54,844 (45.48) 50,678 (51.66) 4166 (18.53)
1-2 32,497 (26.95) 25,180 (25.67) 7317 (32.55)
34 20,235 (16.78) 13,540 (13.80) 6695 (29.78)
5 or more 1301 (10.79) 8709 (8.88) 4302 (19.14)
Treated with insulin 3116 (2.58) 2194 (2.24) 922 (4.10)
Treated with antiaggregant 27,836 (23.08) 18,089 (18.44) 9747 (43.36)
Dementia (treated with anticholinesterase therapy), n (%) 699 (0.58) 126 (0.13) 573 (2.55)
Psychiatric disorder (treated with antipsychotic therapy), n (%) 3237 (2.68) 2541 (2.59) 696 (3.10)
Urology (treatment for benign prostate hyperplasia), n (%) 14,849 (12.31) 8863 (9.03) 5986 (26.63)
Other variablesindicative of comorbidities, n (%)
Oxygen at home 4932 (4.09) 3999 (4.08) 933 (4.15)
>8 urealcreatinine tests during the study period 1281 (1.06) 1042 (1.06) 239 (1.06)
>4 g pha-fetoprotein tests during the study period 255 (0.21) 199 (0.20) 56 (0.25)

@Defined as an annual income less than 8593 € (US $9992) for an individual or less than 12889 € (US $14,925) for acouple.
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Table2. Factorsrelated to the performance of prostate-specific antigen testing in acohort of French men older than 74 years (mixed-effects multivariate

logistic regression with general practitioner as arandom effect).

Characteristics Proportion of patients Crudeoddsratio pygued Adjustedodds  p g
screened using PSA®P (%) (95% CI)° ratio (95% CI)©
Ageinyears N/AY 0.89 (0.89-0.90) <.001 0.89(0.88-0.89) <.001
Low socioeconomic status” 13.04 0.25(0.07-0.89) .03 0.18(0.05-0.69) .01
Frail individual
Chronic disease status 39.61 0.80(0.75-0.85) <.001 0.82(0.76-0.88) <.001
Repeated ambulance transportation 18.77 0.28 (0.22-0.36) <.001 0.42(0.33-0.54) <.001
Chronic treatment with =5 drugs 41.50 0.98(0.92-1.05) .57 N/A N/A
Cancer disease (treated with anticancer drug) 39.62 0.88 (0.67-1.16) .36 N/A N/A
Cardiovascular disease
Number of cardiovascular drugs
0 35.93 Reference N/A Reference N/A
1-2 4353 144 (1.32-157) <.001 1.68(1.53-1.84) <.001
34 42,63 1.37(1.25-1.49) <.001 1.73(157-1.91) <.001
5 or more 40.91 124 (1.13-1.37) <.001 1.64(146-1.84) <.001
Treated with insulin 27.22 0.49 (0.42-0.58)  <.001 0.62(0.51-0.75) <.001
Treated with antiaggregant 41.43 0.99 (0.93-1.05) .80 N/A N/A
Dementia (treated with anticholinesterase therapy) 25.83 0.44 (0.36-0.54) <.001 0.68(0.55-0.84) <.001
Psychiatric disorder (treated with antipsychotic therapy)  29.02 0.49 (0.40-0.58) <.001 0.62(0.51-0.75) <.001
Other variablesindicative of comorbidities N/A N/A
Oxygen at home 43.30 1.12(0.96-1.29) .14
>8 urea/creatinine tests during the study period 43.93 1.25(0.94-1.66) .12
>4 apha-fetoprotein tests during the study period 41.07 1.06 (0.58-1.91) .85

Prostate-specific antigen.

Bn=22,480.

CGeneral practitioner as arandom effect; bivariate analysis.
dp value for crude odds ratio.

€General practitioner as arandom effect; multivariate analysis; adjusted on the variable “treatment for benign prostate hyperplasia”

P value for adjusted odds ratio.
IN/A: not applicable.

PDefined as an annual income less than 8593 € (US $9992) for anindividual or lessthan 12889 € (US $14,925) for a couple.

Factors Associated With Prostate-Specific Antigen
Testing in the Cohort of Men Aged 50to 74 Years

In the cohort of men aged 50 to 74 years, the following factors
were associated with less frequent PSA testing: (1) low income
(OR0.61, 95% CI 0.55-0.68); (2) nonspecific conditionsrel ated
tofrailty: chronic disease (OR 0.80, 95% CI 0.76-0.83), repeated
ambulance transportation (OR 0.29, 95% CI 0.23-0.38), or
chronic treatment with more than 5 drugs (OR 0.89, 95% ClI
0.83-0.96); and (3) various specific comorbidities: anticancer
drug treatment (OR 0.67, 95% CI 0.55-0.83), diabetesrequiring
insulin (OR 0.55, 95% CI 0.49-0.61), and antiaggregant
treatment (OR 0.91, 95% CI 0.86-0.96; Table 3). Higher

http://publichealth.jmir.org/2018/4/€10352/

screening rates were observed in patients treated for
cardiovascular diseases (compared to no cardiovascular
treatment), and these rates remained high regardless of the
number of drugs taken: 1 or 2 cardiovascular drugs (OR 2.23,
95% CI 2.15-2.32), 3 or 4 cardiovascular drugs (OR 2.61, 95%
Cl 2.46-2.77), or 5 or more cardiovascular drugs (OR 2.64, 95%
Cl 2.40-2.91). Older age was al so associated with more frequent
PSA testing (OR 1.07, 95% CI 1.07-1.08). Thefollowing patient
characteristicswere not significantly correlated with lower PSA
testing: having oxygen at home, having more than 8
urealcrestinine tests during the study period, having more than
4 alpha-fetoprotein tests during the study period, and treatment
with psychotropic drugs.
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Table3. Factorsrelated to the performance of prostate-specific antigen testing in acohort of French men aged 50 to 74 years (mixed-effects multivariate

logistic regression with general practitioner as arandom effect).

Characteristics

Proportion of patients

Crudeoddsratio pyqued Adjustedoddsratio p g

screened using PSA2P (96)  (95% CI)° (95% CI)®
Ageinyears N/AY 1.09(1.09-1.10) <.001 1.07 (1.07-1.07) <.001
Low socioeconomic status” 23.55 0.43(0.39-048) <.001 0.61 (0.55-0.68) <.001
Frail individual
Chronic disease status 46.28 142 (1.37-1.46) <.001 0.79 (0.76-0.83) <.001
Repeated ambulance transportation 2455 0.42 (0.33-0.53) <.001 0.29 (0.23-0.38) <.001
Chronic treatment with =5 drugs 50.46 1.66 (1.59-1.73) <.001 0.89 (0.83-0.96) .002
Cancer disease (treated with anticancer drug) 37.48 0.83(0.70-1.01) .06 0.67 (0.55-0.83) <.001
Cardiovascular disease
Number of cardiovascular drugs
0 3111 Reference N/A Reference N/A
1-2 51.31 2.66 (2.56-2.75) <.001 2.23(2.15-2.32) <.001
3-4 53.69 2.98(2.86-3.12) <.001 2,61 (246-2.77)  <.001
5 or more 4959 246 (2.34-259) <.001 2.64(2.40-291)  <.001
Treated with insulin 38.51 0.87(0.79-0.96) .005 0.55(0.49-0.61)  <.001
Treated with antiaggregant 51.17 1.80 (1.73-1.86) <.001 0.91(0.86-0.96)  .001
Dementia (treated with anticholinesterase therapy) 53.17 1.46 (0.99-2.17) .06 N/A N/A
Psychiatric disorder (treated with antipsychotic therapy) 35.73 0.79 (0.72-0.86) <.001 N/A N/A
Other variablesindicative of comorbidities N/A N/A
Oxygen at home 41.79 1.02(0.95-1.10) .51
>8 urea/creatinine tests during the study period 40.50 0.98(0.85-1.12) .72
>4 apha-fetoprotein tests during the study period ~ 41.71 1.02(0.75-1.38) .92

Prostate-specific antigen.

b n=98,107.

CGeneral practitioner as arandom effect; bivariate analysis.
dp value for crude odds ratio.

€General practitioner as arandom effect; multivariate analysis; adjusted on the variable “treatment for benign prostate hyperplasia”

P value for adjusted odds ratio.
IN/A: not applicable.

PDefined as an annual income less than 8593 € (US $9992) for anindividual or lessthan 12889 € (US $14,925) for a couple.

Discussion

Principal Findings

In our study, the proportion of patients who underwent PSA
testing during the 2-year study period was not lower in the
cohort of men older than 74 years than in the cohort of men
aged 50 to 74 years: 41.35% (95% Cl 40.7-42.0) vs 41.05%
(95% CI 40.7-41.4). Thefollowing factors associated with less
frequent PSA testing were similar in men older than 74 years
and in men aged 50 to 74 years—chronic disease, repeated
ambulance transportation, diabetes, psychiatric disorders, and
low income—whereas being treated with cardiovascular drugs
was associ ated with more frequent PSA testing. Although PSA
testing depends on patients' comorbidities, test performance
remains inappropriate in certain populations. elderly patients

http://publichealth.jmir.org/2018/4/€10352/

RenderX

should not be screened, particularly when they have dementia
or mgjor comorbidities. The reasons why |ower screening rates
are observed among patients with insulin or among patients
with alow income are unclear.

The proportion of patients who underwent PSA screening in
our study conducted in France is comparable to previous
evaluations provided by other French authors [23-24] but is
much higher than the proportions reported by authorsfrom other
countries[25-32]. Among men aged 50to 74 years, the observed
41.05% rate of French patients who had undergone PSA
screening is comparable to the rates of participation in
systematic screenings for colorectal cancer or breast cancer. In
France, participation in colorectal cancer screening is lower
than 30% [33], and participation in breast cancer screening is
51.5% [34]. Although prostate cancer screening is not
recommended in the elderly, the PSA blood test was performed
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asfrequently in patients older than 74 years asin younger men.
A possiblereasonisthat thistest is highly acceptableto patients
[35]. Other reasons may include positive attitudes toward
screening, such as considering it a favorable option, or
physicians' fear of legal consequences related to diagnostic
delay [28,36]. Another reason might be that prescribing PSA
screening might be easier than explaining the reason why this
test should not be performed. As French GPs practice in a
pay-per-act system, prescribing PSA testing might decreasethe
time spent on a consultation compared with a shared
decision-making process leading to abstention. Finally, various
other factors probably limit shared decision-making
implementationin primary care practicesin France: deficiencies
in initial medical education and law medical demography as
well asthelack of aninteractive decision-making aid to support
GPs and patients when making prostate cancer screening
decisions.

PSA testing occurred lessfrequently in frail patientsand patients
with major comorbidities. This finding is consistent with
international guidelines and recommendations suggesting that
life expectancy should be considered before recommending
screening [8,17]. Surprisingly, more than 30% of patientstreated
with anticholinesterase therapies and 20% of patients with 6 or
more ambulance transportations during the study period
underwent PSA-based prostate screening. While all guidelines
recommend avoiding screening in patientswith alife expectancy
of less than 10 years [8,17,36-37], previous authors have aso
reported inappropriate screening practicesin vulnerable patients
[38-40]. Theseresultsemphasize that integrating life expectancy
into medical decisions remains a challenge for primary care
physicians [41-42].

Three populations were screened less frequently, although they
had no clear link with ashorter life expectancy: patientstreated
with insulin, patients treated with antipsychotic medications,
and patients with low incomes. Various authors have reported
low participation in preventive procedures in patients treated
with antipsychotic medications and patients with low incomes
[43-44]. Lower PSA testing in deprived patients has been
reported in other countries[30-45] and might berelated to lower
accessto health carein these popul ations. We assume, however,
that this result might paradoxically be appropriate for prostate
cancer screening; physicians might concentrate their time and
energy on other health problems in patients suffering from
various diseases.
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Patients treated for cardiovascular diseases underwent PSA
screening more frequently than other patients. It is notable that
this result is consistent with previous international findings,
although the reasons remain unclear. Onereason for thisfinding
might be that these patients consult their physicians more
frequently [46], at least for prescription refills, and may have
more frequent blood analyses [30,47]. Another possible reason
isthat these patients might have experienced the positive impact
of medical interventions, which might favor positive attitudes
toward screening proposals.

Strengthsand Limitations

This database study had many strengths. First, the study design
allowed for theinclusion of alarge number of patients and GPs;
thus, our results should be representative of PSA performance
inthe general population and have high generalizability. Second,
the data were extracted from the national health care insurance
system database. We did not collect reported datafrom surveys,
avoiding any related bias (eg, response biasor social desirability
bias). Finaly, the inclusion of a large number of patients
permitted the analysis of specific conditions corresponding to
alow proportion of patients.

This study also had limitations. First, the database did not
contain clinical information alowing adetermination of whether
the PSA blood analysis had been prescribed asaresult of clinical
symptoms or aspart of ascreening practice. Second, we focused
on PSA tests prescribed by GPs. Although they are a minority
in the French health care system, asymptomatic patients might
also consult urologists and be prescribed a PSA test for prostate
cancer screening. Third, another weakness of the study wasthe
use of proxy measures (comorbidities deduced from the types
of drugs administered during the study period); although the
use of proxy measures is common, the proxy measures used to
assess frailty in this study had not been validated in previous
studies.

Conclusion

This study provided insight into the wide variations in prostate
cancer screening using PSA. Thisstudy demonstrated that PSA
testing is much more frequent in France than in other countries.
Although thereis aconsensus that screening should be avoided
in patientswith alife expectancy lessthan 10 years, PSA testing
remained very frequent in patients older than 74 years. This
study also demonstrated that physicians considered patient
conditions but PSA testing remained inappropriate in certain
populations such as patients with dementia.
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Abstract

Background: Influenzanet was launched in several European countriesto monitor influenza-like illness during flu seasons with
the help of volunteering participants and Web-based technologies. Asin the case of developing fields, ethical approaches are not
well developed in the collection, processing, and analysis of participants' information. Existing controversies and varying national
ethical regulations can, thus, hamper efficient cross-border research collaboration to the detriment of quality disease surveillance.

Objective: This scoping review characterizes current practices on how ethical, legal, and social issues (ELSIs) pertinent to
research ethics are handled by different Influenzanet country groups to analyze similarities and identify the need for further
harmonization of ethical approaches.

Methods: A literature search was carried out on PubMed, Web of Science, Global Digital Library on Ethics, and Bioethics
Literature Database to identify ELSIs for Influenzanet country platforms. Only English-language papers were included with
publication dates from 2003 to 2017. Publications were screened for the application of bioethics principlesin the implementation
of country platforms. Additional publications gathered from the Influenzanet Consortium website, reference screening, and
conference proceeding were screened for ELSIs.

Results. We gathered 96 papers from our search methodology. In total, 28 papers that mentioned EL Sls were identified and
included in this study. The Research Ethics Committee (REC) approvals were sought for recruiting participants and collecting
their data in 8 of 11 country platforms and informed e-consent was sought from participants in 9 of 11 country platforms.
Furthermore, personal data protection was ensured throughout the Consortium using data anonymization before processing and
analysis and using aggregated data.

Conclusions:  Epidemics forecasting activities, such as Influenzanet, are beneficial; however, its benefits could be further
increased through the harmonization of data gathering and ethical requirements. This objective is achievable by the Consortium.
More transparency should be promoted concerning REC-approved research for Influenzanet-like systems. Thevalidity of informed
e-consent could also be increased through the provision of a user friendly and standard information sheet across the Consortium
where participants agree to itsterms, conditions, and privacy policies before being ableto fill in the questionnaire. Thiswill help
to build trust in the general public while preventing any decline in participation.
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Introduction

Web-based technol ogies have become an integral part of public
health surveillance over the last 2 decades [1]. It is estimated
that 4.3 billion people globaly will have maobile broadband
subscriptions by the end of 2017 [2]. Their ubiquitous
availability allows volunteer citizens to engage in disease
detection through digital means [3]. Real-time granular health
data are, thus, collected from volunteering participants (eg, via
mobile phones with global positioning), supplementing the big
datacollected by public health authoritiesand laboratories[3,4].
Combining these different data sources allows earlier and finer
gpatial detection of public health threats than traditional
surveillance systems, permitting more appropriate preventive
and mitigating measures to be deployed [4]. A successful
example of such disease digital detection is the European
Influenzanet Consortium.

Every year in Europe, seasonal flu bringsits share of morbidity
and mortality among vulnerable groups (eg, the elderly) and a
rise in associated medical costs [5]. Infection with influenza
virusis hard to diagnose without virological confirmation, and
public health authorities usually rely on influenza-like illness
(ILI) as a surveillance indicator for outbresks [6]. This
surveillance program is carried out by the European Influenza
Surveillance Network (EISN), which is coordinated by the
European Centrefor Disease Control [7]. Since 2008, EISN has
relied on ILI reports by general practitioners from national
sentinels in its 30 European Union and European Economic
Areacountries[8]. However, thistraditional surveillance system
is biased by the use of nonuniform case definitions for ILI by
the Member States and depends on the rate at which patients
seek medical carefrom general practitioners, thereby reflecting
only medically attended ILI incidencerates[9-11]. The general
practitioner consultation rate is itself dependent on several
factors that include the time delay between the onset of
symptoms and health complications, the need of certificates
from genera practitioners for prolonged work absenteeism
owing to illness, types of health insurance, and health care
systems [12]. Thus, there is a non negligible underestimation
of the real disease burden of influenza outbreaks [13]. The
current limitations of EISN led to the development of
Influenzanet, an innovative IL1 surveillance network based on
the active participation of public volunteers and the use of
Web-based technologies to report cases of ILI, complementing
data gathered by EISN [12,14].

The Influenzanet Consortium was launched in 2003 in the
Netherlands and the Flemish part of Belgium [6]. Denmark,
France, Ireland, Italy, Portugal, Spain, Sweden, Switzerland,
and the United Kingdom have also joined this surveillance
network [15]. However, very recently in 2017, the
Netherlands-Belgium platforms have ceased their activities
because of lack of funding, which undermines the excellent
work done by these platformsin promoting the ILI surveillance
for 15 yearsin their countries. The platformswill resume their
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activitiesif funding is made available by May 2018. Otherwise,
the platforms will terminate their activities permanently [16].
Public volunteers are usually recruited via mass media, and
there are no exclusion criteria for registration (except for
Sweden) [17-19]. At registration, volunteers fill in an intake
guestionnaire and afterwards, receive a weekly reminder by
email to fill in an ILI-related symptom questionnaire [6].
Importantly, the absence of symptoms is also declared. In
addition, participants are alowed to indicate symptoms of ILI
for other household membersin an attempt to increase the data
collection for children and elderly individuals [17].

Influenzanet offers numerous advantages over EISN, including
the following: ILI incidence rates are extrapolated from both
medically attended and unattended patients, real-time
disease-monitoring capability through the citizen participation,
flexibility to changes without disturbance of the overall system
functionality, uniform data collection alowing direct
comparisons between countries, comparatively lower running
costs, easier to increase scaability, and participant
empowerment through information on prevention strategiesand
disease activity at local and national levels[11,13,17,20].

Nonetheless, Influenzanet also has some disadvantages,
including the self-selection bias of participants (eg,
underrepresentation of younger and older age groups), absence
of virological confirmation of influenza cases, recruitment and
motivation of participants to continuously donate their data for
surveillance are problematic (eg, limited sample sizesin some
countries), and limited amount and complexity of datathat can
be collected to ensure the continued use of platforms by
participants [11,13,17].

This approach for monitoring disease involves the collection
of information about users that affects their risks of influenza
or complication from influenza; this information includes the
demographic data, vaccination status, presence of certain
medical conditions (eg, diabetes mellitus), use of food
complements, daily activities, and household composition (eg,
presence of children) [21]. Moreover, some national platforms
have devel oped mobile apps as additional data collection tools;
for instance, the Swiss mobile app gathers useful supplementary
datathrough smartphone sensors (eg, inbuilt movement sensors
to test for an association between the physical activity level of
participants and therisk of I1L1) or smartphone features (eg, test
for an association between the psychologica profile of
participants, inferred viathe list of appsinstalled, and attitude
toward vaccination;  Grippenet  Switzerland, email
communication, November 29, 2017). This complements the
data gathered from questionnaires, allowing to answer
innovative research questions and implement rational public
health strategies while maintaining high privacy protection
mesasures, for example, only highly aggregated and summarized
versions of the data are transmitted for analysis, whereas the
bulk of data is stored locally on participants smartphones.
Moreover, mobile app data will not be shared with the rest of
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the Consortium until a framework for data sharing is set up.
Nonetheless, Influenzanet data can be valuable and sensitive
information. Thus, collecting such information poses ethical,
legal, and social issues (ELSIs), in particular, if the collected
data could be used for secondary research purposes or in the
event of a cyber attack leading to data leakage.

As it is commonly the case for developing fields, ethical
approaches are not yet well developed in the collection (here
through Web-based technologies), processing, and analysis of
participants’ information. Existing controversies can, thus, be
the cause of additiona barriers to efficient collaboration.
Furthermore, although research collaboration and comparability
of dataare important because epidemics do not stop at national
borders, varying ethical regulations at national levels can hamper
collaboration between countries. Additionally, anumber of new
ethical issues raised by Influenzanet-like activities do not or
only partially fit traditional evaluation categories used by
Research Ethics Committees (RECs) for clinica trials or
data-based research. This scoping review aimsto discuss EL SIs
of these participatory surveillance systems. First, we
characterized the current practices using findings from the
literature search where we compared how issues related to
research ethics are being handled by different Influenzanet
country groups to analyze similarities and identify the need for
further harmonization of ethical approaches. Thereafter, we
carried out an EL S| analysisto suggest waysto strengthen them
to lay the ground for expanding the capacity and positive impact
of such systemsin the future.

Methods

For this review, we followed the methodological guidance
provided for conducting ascoping review [22]. Four databases,
namely, PubMed, Web of Science (all databases), Global Digital
Library on Ethics, and BELIT (Bioethics Literature Database)
were searched to identify ELSIs for the national platforms of
the Influenzanet Consortium.

We used the following key terms: Influenzanet, De Grote
Griepmeting, Flusurvey, Gripenet, Grippenet, Halsorapport,
Influmeter, and Influweb. Only English-language papers with
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publication dates from the last 15 years (2003-2017) were
included. The search started from 2003 because the first
Influenzanet national platform, De Grote Griepmeting, was
launched in this year.

In line with the conception of modern research ethics, we
searched publications related to Influenzanet for the use and
application of ethical principles [23,24] in the implementation
of these national platforms; these principles are as follows:
respect for autonomy (respect the decision-making capacity of
Influenzanet participants through the provision of a: aninformed
consent and b: opt-out option); beneficence (direct and indirect
benefits provided to Influenzanet participants via Web-based
information on the study); nonmaleficence (prevention of
informational harm to Influenzanet participants such as personal
data protection measures, for example, anonymization of
personal data); and justice (ensuring open and nondiscriminative
participation of users to the Influenzanet network to ensure
fairness in the distribution of benefits and risks) [25]. In
addition, we evaluated the presence of ethical approval by an
ethics committee to bal ance the benefits and risksto participants,
future patients, or society. Additional publicationsfound on the
Influenzanet Consortium website [15] were gathered and
screened for ELSIs as well. Furthermore, reference lists of
included publicationswere searched for additional studies. Only
publications mentioning at least one of these 6 EL S| components
were included.

The included full-text papers were screened and analyzed
independently by 2 review authors (LDG and TW) to ensure
that they met theinclusion criteria of having information on the
desired EL S| components previously described. Discrepancies
between the 2 review authors were solved through discussion.
Figure 1 illustrates the methodological process behind the
selection and inclusion of publications for thisreview based on
the PRISMA framework for systematic reviews and
meta-analyses[26]. When the gathered literature did not provide
sufficient information on some national platforms, country
members of the Influenzanet Consortium were contacted either
through email or the coordinator of the Consortium to provide
additional details and to assess the veracity of the information
gathered on their respective platforms.
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Figurel. The PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flowchart of study selection. ELSI: ethical, legal, and

social issues.
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The original literature search, carried out on September 11 and
repeated on October 10 2017 in the databases mentioned above,
identified atotal of 66 potentially relevant papers (Table 1) on
the Influenzanet Consortium and its national platforms (eg, De
Grote Griepmeting for the Netherlands and Belgium, Flusurvey
for the United Kingdom and Ireland, Gripenet for Portugal and
Spain, Grippenet for France and Switzerland, Halsorapport for
Sweden, Influmeter for Denmark, and Influweb for Italy). No
paperson Influenzanet were found on the Global Digital Library
on Ethicsand BELIT.

After the removal of duplicates (n=29), 37 papers were
considered for this study. Among these 37, 4 were datasets, 5
included supporting information to other papersin thelist (eg,
tables and figures), 2 papers were in other languages (French
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were excluded. The remaining 24 full-text papers were then
screened for 6 EL S| components (informed e-consent obtained
from participants; ability of participants to opt out from the
study at any time; Web-based information on national platform
and influenza; personal data protection measures, for example,
anonymization and abiding to the national regulations on
privacy, data collection, and treatment; open and
nondiscriminative participation; and ethical approval by an REC
or other competent entity). Only 16 of the 24 papers addressed
someethical, legal, and social components (eg, ethical approval
by RECs, informed consent, etc).

Our search of the Influenzanet Consortium website [15] resulted
inan additional 28 publications. After theremoval of duplicates
(n=14), 14 publications were considered for a detailed review
of their ELSI components. Notably, 10 of the 14 papers
addressed some ethical, legal, and social components.
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Table 1. Initia search results (date of search: September 11, 2017 and October 10, 2017).

Search terms used Results found in PubMed (n=22), n Results found in all Web of Science databases (n=44), n
European network: Influenzanet 10 16
National platforms

De Grote Griepmeting 0 0

Flusurvey 3 7

Gripenet 1 1

Grippenet 6 12

Hélsorapport 0 2

Influmeter 1 1

Influweb 1 5

Overall, 2 additional publications (retrieved from reference
screening and a conference proceeding) wereincluded, leading
to atotal of 28 papersincluded in our analysis, asseenin Figure
1. Table 2 reports on these 28 papers and summarizes the
presence or absence of the ELSI components for each paper
reviewed. However, Table 2 should be interpreted cautiously
because the presence of some ELSI components does not
automatically apply to al country platforms in
noncountry-specific publications.

The Influenzanet country-specific information in Table 3 was
collated from publications gathered in the literature search
(Table 2) and additional information provided by country
representatives. The information in Table 3 was subsequently
double checked, updated, and corrected by country
representatives (in many cases, authors of papers themselves)
through the help of the supervisor of the Consortium who
communicated our findings. This verification step wasimportant
to prevent inaccuracies resulting from the misinterpretation of
the literature because the absence of an ELSI component in a
publication does not automatically imply that it was not
addressed by the platform(s) and temporal evolution of these
platforms, where EL SI components might change over time.

Only 3 of 11 national platforms (Belgium-the Netherlands and
Denmark) did not seek ethical approval by REC before the
launch of their platforms. The Swiss national platform [45] has
obtained ethical approval for the launch of its mobile app before
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the start of the flu season 2017/2018. Registration and
participation to the national platforms were open and
nondiscriminative to al residents of the respective countries
[12,14], except for the Swedish platform, where participation
isthrough invitationsonly [17,18]. The Web-based information
on the study was provided to all Influenzanet participants and
informed electronic consents were obtained from participants
in 9 of 11 national Influenzanet platforms. The electronic
consent or so-called “e-consent” commonly used in studies
without face-to-face contact, but where communication is
entirely taking place via Web-based technologies, is another
exception to, or adaptation of, traditional informed consent.
Influenzanet uses this type of e-consent, where participants
through afew clicks on a screen agree to the terms, conditions,
and privacy policies of the research project.

The Belgium-Dutch and Danish platforms were the only
exceptionswhere an informed e-consent was not legally required
for participation (Influmeter, email communication, August 10,
2017) [6,20,21]. All Influenzanet users were alowed to
withdraw from the research at any time. Participant identifiers
used in Influenzanet (eg, pseudonyms and email addresses)
were stored separately from the questionnaire dataand not used
during the data processing and analysis phases. Personal data
from participants were, thus, anonymized before processing or
analysis, which were performed at the aggregate level in all
national platforms[14].
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Table 2. A list of included studies (n=28) with ethical, legal, and social issue components (with ethical approval of study). All platforms listed by each
paper do not satisfy the ethical, legal, and social issue components equally.

Author (year) Platform(s) concerned Ethical, legal, and socia issue components
Research  Openandnon- Web-based Informed Optout Personal data
ethicscom- discriminative  information e-consent from protection
mittee participation sheet study measures
Adler et al (2014) [27] uk? | O
Bajardi et al (2014) [28] BEP, FRS, ITY NL® PT, O 0 | |
SEY, UK
Bajardi et al (2014) [29] BE,FR,IT,NL, PT,SE,UK O O O O
Brooks-Pollock et al (2011) [19] UK O O
Cantarelli et a (2014) [14] BE,FR,IT,NL, PT,SE,UK O O O O O
Debin et a (2013) [30] FR 0 0
Debin et al (2014) [10] FR O O
Eameset a (2012) [31] UK O
Eameset al (2012) [32] UK O O O
Friesmaet al (2009) [5] BE, NL O
Guerrisi et al (2016) [33] BE, FR, IT, NL, PT, UK O O
Kjelso et al (2016) [20] DK" O O
Koppeschaar et al (2017) [17] BE, DK, FR, IEi, IT, NL, O ad g O O
PT, SE, ES, UK
Land-Zandstra et al (2016) [34] BE, NL O O
Loubet et al (2016) [35] FR 0 0 O
Loubet et al (2016) [36] FR 0
Marquet et al (2006) [21] NL O 0
Paolatti et al (2010) [37] IT 0 0
Peppacet a (2017) [38] UK 0 O 0
Perrotta et al (2017) [39] IT O O
Perrottaet al (2017) [40] IT O 0
Pini et al (2017) [18] SE 0 0
Smolderen et al (2007) [41] NL O 0
Tilston et al. (2010) [42] UK 0 0
van Noort et a (2007) [11] BE, NL, PT d
van Noort and Stollenwerk BE, IT, NL, PT O O
(2008) [43]
van Noort et al (2015) [9] BE, IT,NL, PT O O
Vandendijck et al (2013) [6] BE O O 0
3UK: United Kingdom.
bBE: Belgium.
°FR: France.
4T 1taly.
NL: the Netherlands.
'PT: Portugal.
9SE: Sweden.
DK : Denmark.
'E: Ireland.
JES: Spain.
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Table 3. Theethical, legal, and social dimensions of Influenzanet national platforms (with research ethics approval of study).

Nationa platform Date of creation  Research ethicsapproval  Openand non- Web-based  Informed Ability toopt Personal data

of study discriminative  information  e-consent outfromthe  protection?
participation sheet study

Belgium (Flanders) 2003 b O O — O O

Denmark 2013 —° O O o¢ O O

France 2012 ad ad O ad ad O

Ireland 2013 d d g O g O

Italy 2008 O O O O O

Portugal 2005 d d g O g O

Spain 2012 nd 0 0 nd 0 oe

Sweden 2011 d — g g a O

Switzerland' 2016 0 0 0 0 0 0

The Netherlands 2003 — O -9 O

United Kingdom 2009 O ad ad O O

8Data anonymization before processing and analysis.

BNot applicable.

CInflumeter, email communication, August 10, 2017-September 07, 2017.
dGri peNet Spain, email communication, August 10, 2017.

€Information obtained from the Spanish national platform [44].

fSwiss Influenzanet platform [45]. Grippenet Switzerland, email communication, September 12, 2017.
9De Grote Griepmeting The Netherlands, email communication, January 10, 2018.

Discussion

Principal Findings

To the best of our knowledge, this is the first scoping review
examining the similarities and differencesin theimplementation
of research ethicsfor the country platformsof Influenzanet. Our
comparative tables highlight the need for further clarification
and harmonization of these ethical issues pertinent to citizens
engaging in the digital disease surveillance across the
Consortium. A number of ELSIs are similarly organized in the
Consortium, for instance, participation is open and
nondiscriminative to all residents of these countries (except for
Sweden for representativeness and comparison purposes [17]),
study information is provided to al participants, and they are
freeto opt out from the study. However, anumber of ELSIsare
also addressed differently; for instance, REC approvals and
informed e-consent were sought for recruiting participants and
collecting their data in 8 of 11 and 9 of 11 platforms,
respectively. The following sections of the discussion will
highlight the discrepancies seen in the implementation of
research ethics for different country platforms.

Overall, 8 platforms of the Consortium obtained REC approval
before the start of their studies. However, it is not known how
national RECs judged and approved their respective studies,
for instance, they could have considered the gathered personal
health-related datafrom participantsto be fully anonymized for
which no informed consent is required or considered studiesto
be human subject research. In thelatter case, RECswould need
to evaluate if the balance between potential benefits and risks
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for study participants is favorable and ensure that participants
received adequate information on these risks and benefits. Our
comparative table showsthat al country platformswhere REC
approval's had been sought obtained informed e-consents from
participants; this seems to indicate that these national RECs
consider this type of citizen participatory research as human
subject research and that e-consent is considered a valid form
of consent inthiscontext. Theregiona REC in Genevaapproved
the implementation of the Swiss platform and the launch of its
mobile app as a data collecting tool. Considered as human
subject research in Switzerland, a reader friendly informed
e-consent is requested from potential participants. Because we
did not have access to additional REC evaluations, further
studies are needed to determine how RECs from different
countries debated the ethical issues. It is aso well known that
national RECs, as well as RECs within the same country, may
assess and balance risk-benefit ratios differently. These
divergences concerning the evaluation of similar Influenzanet
projects in different countries could interfere with the
harmonization of ethical approaches. Thus, we suggest more
transparency in terms of ethical issues related to this type of
technology-driven public health research. For instance, project
leaders of national Influenzanet platforms could publish a
summary of how RECs evaluated and debated the ethical issues
of their respective studies (eg, if their studies fall under the
category of human subject research and, thereby, need informed
consent procedures, etc). Such transparency could help to
harmonize the ethical approaches to be adopted by the country
platforms even further.
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REC approvals were not sought for the Belgian-Dutch (De
Grote Griepmeting) and Danish (Influmeter) platforms
(Influmeter, email communication, August 10, 2017) [6,20,21].
However, their studies abided by their national legislation on
privacy and personal data protection (Influmeter, email
communication, August 10, 2017) [6,20,21,46]; for instance,
the De Grote Griepmeting privacy regulation was approved by
the Dutch Data Protection Authority [21]. According to the
Belgian and Dutch legislations, these are observationa studies
because no physical or psychological intervention is intended
on participants [6,21,47]. Concerning Influmeter, the Danish
platform is exempted from the REC approval for the following
reasons. the Danish Data Protection Agency does not consider
emails exchanged between study participants and | nflumeter to
be sensitive personal information; thereisan automatic implicit
consent from study participants because of its voluntary nature
even if senditive information is gathered (eg, heath and
coarse-grained geographical data); and the data manager of
Influmeter, Statens Serum Institute that hosts alarge proportion
of Danish health data [48] received a broad permission from
the Danish Data Protection Agency (record number:
2008-54-0474), which covers the surveillance of infectious
diseases and identifiable sensitive information gathered by
Influmeter (Influmeter, email communication, September 7,
2017) [20Q].

Another ethical issue arisesin Influenzanet owing to the ability
of participants to record personal data on other household
members (eg, the elderly persons and children). Gathering data
on underrepresented age groupsisimportant, specifically, when
they are the ones most vulnerable to influenza in terms of
morbidity and mortality [5]. However, it is difficult to verify
whether these family members, in particular, are legaly
competent and could provide consent themselves, having
expressed their will for their personal information to be recorded
by the participating family member. It would be interesting to
evaluate through future research whether RECs have considered
this issue or have simply considered the data collected from
other family members to be anonymous and, thus, not
identifiable.

Informed e-consent was gathered from study participants from
al platforms with the only exceptions being the Belgian and
Dutch platforms, which are mirror websites of each other (De
Grote Griepmeting, email communication, January 10, 2018).
It can be argued that there is an automatic implicit consent for
Belgian and Dutch participants because registration to the study
isvoluntary. The Belgium-Dutch platforms[16] might consider
providing an informed e-consent option to their participantsin
an attempt to harmonize consent practices acrossthe Consortium
if ever they resume their activities in the future. However, we
noted that it is not clear whether informed consent was legally
necessary in Belgium (“Law on experiments involving the
human subject” of May 2004) and the Netherlands because of
the observational natures of their studies (De Grote Griepmeting,
the Netherlands, email communication, January 10, 2018)
[6,21,47]. Indeed, the Belgian and Dutch legisations
acknowledge the need for informed consent for interventional
studies because of the potential physical or psychological harm
to participants [6,21,47], but the legislations do not clearly
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define how broad the category of observational studiesis; for
instance, a detailed questionnaire revealing some very personal
information can be seen as an intervention in the Netherlands
[49]. Nonetheless, it is important to understand the shift from
typical physical or psychological harm seenin medical research
to informational harm in public health research involving
Web-based communities of volunteer citizens or big data (eg,
data discrimination) with the latter having potential
repercussions on the physical and mental states of study
participants (eg, stigmatization and discrimination for health
insurance coverage) [50,51].

Critics might say that e-consent gathered from Influenzanet
participants does not represent valid informed consent because
researchers cannot control that participants read and understood
the information. Although information on studies is available
on their respective websites, participants usually have to look
at different sections of the website to gather pertinent
information on the study (eg, its goals, privacy policies, etc),
which is tedious and unlikely to be read in detail. The Swiss
legislation requires researchers to ensure that participants have
understood all the information (provided in the written
information form) through personal contact. According to the
Ethics Guidelinesfor Internet-Mediated Research by the British
Psychological Society, avalid consent can be assumed if there
isan information sheet defining the study objectives and exact
nature of questions beforefilling in the questionnaire, including
acheck box at itsbeginning and end where participants can tick
in to give their explicit consent [52]. In addition, the Society
recommends using a proper wording for “1 agree” statements
to encourage participants to read the information sheet, which
should aso include their rights to withdraw from the study at
any timein auser friendly manner [52]. The Consortium could
follow these guidelines to enhance its e-consent procedures. It
isimportant to ensure that participants agreed (by clicking on
an “| agree” checkbox) to the terms, conditions, and privacy
policies listed on the informed consent sheet before being
allowed to fill in the questionnaire. Such measures should be
taken to ensure the validity of the informed consent from
participants and for harmonization purposes, a standard
information sheet could be used throughout the Consortium.

Personal data protection was ensured throughout the Consortium
because participant data are pseudonymized, that is, participants
personal identifiers are replaced with pseudonyms. Furthermore,
any datathat are shared with the public through the Web portal
are fully anonymized and highly aggregated [14]. As to the
anonymized data shared with members of the Consortium, it
can be aggregated or not depending on whether the national
partner who ownsthe data agreesto the request. It isalso worth
noting that sharing of Influenzanet data with internal and
external researchers should not pose a priori any legal barriers
because the Genera Data Protection Regulation of the European
Parliament and the Council will not apply to databeing rendered
anonymous, that is, theinformation is not linked to an identified
or identifiable natural person (Recital 26) and shared for research
and statistical purposes [53]. From information gathered on
some Influenzanet platforms (ie, France and Switzerland), it
appears that linked anonymization [54] isinvolved in ensuring
data protection, whereby participants email addresses and
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pseudonyms are stripped from the gathered health-related data
before analysis and stored separately. It will be difficult to
conclude how challenging or easy it could be to reidentify
participants directly or indirectly from specific combination of
variables (which are anonymous if considered in isolation but
permit the identification if several of them are combined), in
particular for vulnerable groups where privacy risks are higher
[48] or groups with rare variable entries, for instance, large
household compositions with >6 persons (that only account for
2% of households in the European Union [55]).

Our results show that there is a need to harmonize consent
requirements and practice throughout the Consortium because
differencesin the abovementioned national consent requirements
could be the source of obstacles for the next generation of data
collection, which may include collection and sharing of more
sensitive data on a larger scale. Thus, these differences could
hinder future productive cross-national collaboration, which
will be detrimental to research and quality disease surveillance.
The consent requirements and practice could be harmonized
through international or European Union regul ations. However,
this could take sometime; for instance, General Data Protection
Regulation aims to harmonize data protection laws within the
28 European Union Member Statesto ensure an equivalent level
of protection and freedoms of individuals within the European
Union. At the same time, it will protect cross-border flows of
personal data on European Union citizens to international
organizations or third countries [56,57]. A quicker
harmonization aternative would be for all national platforms
of Influenzanet to use the strictest consent requirements and
practice currently used by one of their platformsto find common
ground.This particular platform would then be used as a
benchmark for other country platforms to harmonize their
practices.

Limitations

Only English-language papers were screened for this study for
practical reasons. It is, thus, possible that pertinent papersin
other languages were omitted but they could have provided
better insight into how issuesrelated to research ethicsare being
handled by the Influenzanet Consortium. In addition, most of
our conclusions are based on the gathered literature, and our
interpretations might be biased by the incomplete reporting of
all ELSI componentsin some publications as a matter of space
or pertinance to their study objectives. Consequently, despite
our collaboration with the Consortium to verify our claims, we
cannot guaranteethat our interpretations are error free. Another
limitation is that we do not have access to projects’ evaluation
reports from RECs (except for Switzerland) to understand how
they judge and approve such research projects. Thiswould have
been beneficial to the understanding of national differencesin
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project evaluation by RECs, which could then serve asthe basis
for further harmonization of these ethical approaches.

Conclusions

Epidemics forecasting activities such as Influenzanet are
beneficial. Harmonized criteria for dealing with ethical issues
are urgently needed internationally to ensure comparability of
data and maximize participants trust. Approaches used in
handling issues related to research ethics by different
Influenzanet platforms seem to be similar in many, although
not all, EL Slsat present. Thus, harmonizing ethical requirements
acrossthe Consortium isfeasible and could be achieved through
the adoption of the strictest ethical requirements and practice
currently used by one platform across the Consortium.
Nonetheless, despite being similar, it does not automatically
mean that these ethical approaches are adequately regulated.
We recommend more transparency in terms of ethical issues
related to thistype of technol ogy-driven public health research.
These transparency modifications related to the current ELSIs
of Influenzanet will help to build trust among the members of
the general public, in particular, if they are properly informed
about the expected benefitsand potential riskstheir participation
entails; this will prevent any decline in participation, which
might be triggered by mediatization, including exaggeration,
of the risks of public heath surveillance using Web-based
communities of volunteer citizens.

Moreover, this type of research has the potential to save many
lives in the future because it has proven through its flexibility,
easy implementation, and adaptability to different countries
requirements for data collection to serve as a potentially
effective and relatively low-cost surveillance tool for other
diseases of public healthimportance (eg, Middle East respiratory
syndrome or Ebola) [12,17]. These characteristics could allow
Influenzanet to be deployed in low- and middie-income
countries to monitor emerging and reemerging infectious
diseases[17].

Our suggested harmonization measures and approach for data
gathering and ethical requirements for Influenzanet apply to
other Influenzanet-like systems. Moreover, we also suggest that
such systems increase the validity of their informed e-consent
procedures by following the excellent ethical guidelines
provided by the British Psychological Society. Such measures
will ~ further increase the benefits Influenzanet and
Influenzanet-like systems could bring to society by promoting
the comparability of data and safeguarding participants’ trust
onwhich they rely almost completely for datacollection. These
will ensure that Influenzanet-like systems are making even
greater substantial contributions to global public health and
reduce the health inequalities in societies worldwide through
better targeting of public health interventions in line with the
concept of precision global health in the digital age [58].
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Abstract

Low-income and middle-income countries (LMICs) are undergoing an epidemiological transition, in which the burden of
noncommuni cable diseases (NCDs) isrising and mortality will shift from infectious diseasesto NCDs. Specifically, cardiovascular
disease, diabetes, renal diseases, chronic respiratory diseases, and cancer are becoming more prevalent. In some regions, particularly
sub-Saharan Africa, the dual HIV and NCD epidemics will pose challenges because their joint burden will have adverse effects
onthequality of lifeand will likely increase global inequities. Given the austereclinical infrastructurein many LMICs, innovative
models of care delivery are needed to provide comprehensive care in resource-limited settings. Improved data collection and
surveillance of NCDs among HIV-infected personsin LMICs are necessary to inform integrated NCD-HIV prevention, care, and
treatment model sthat are effective across arange of geographic settings. These effortswill preserve the considerabl e investments
that have been made to prevent the number of liveslost to HIV, promote healthy aging of persons living with HIV, and contribute

to meeting United Nations Sustainable Devel opment Goals.

(JMIR Public Health Surveill 2018;4(4):€10989) doi:10.2196/10989
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The HIV and NCD Syndemic

In high-income countries, antiretroviral therapy (ART) has
improved the survival of persons living with HIV (PLHIV),
resulting in declines in morbidity and mortality and a shift in
the natural history of HIV disease [1-3]. With ART scale-upin
the low-income and middle-income countries (LMICs), similar
epidemiologic transitions are expected, resulting in an expanding
and aging HIV population [4,5]. Since 2004, the US President’s
Emergency Plan for AIDS Relief (PEPFAR), in collaboration
with local governments, has established HIV prevention, care,
and treatment programsin over 30 countriesworldwide[6], and
the Global Fund to Fight HIV, Tuberculosis and Malaria has
funded programs in more than 100 countries, including some
PEPFAR-funded countries[7]. Globally, the provision of ART

http://publichealth,jmir.org/2018/4/10989/

accelerated dramatically over the past decade, supporting 19
million PLHIV on ART through June 2016. When the Joint
United Nations Programme on AIDS (UNAIDS) [8] 90-90-90
goals (90% of people with HIV diagnosed, 90% of them on
ART, and 90% of them virally suppressed by 2020) arerealized,
AlIDS-related opportunistic infectionswill becomerare[9], and
noncommunicable diseases (NCDs) will become increasingly
prevalent among PLHIV [10-16].

The natural history of HIV for persons who are stable on ART
is that HIV becomes a chronic disease with an increased risk
of chronic comorbidities. These chronic conditionsinclude, but
are not limited to, cardiovascular disease [17], depression
[18-20], cancers[21,22], and metabolic abnormalities, including
insulin resistance with consequent dyslipidemia, type 2 diabetes,
and lipodystrophy [23-25]. The increased prevalence of NCDs
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among HIV-infected adults reflects a combination of factors,
including aging, agreater prevalence of traditional risk factors,
infection with oncogenic viruses, direct consequences of HIV
(eg, inflammation), and exposure to specific antiretrovirals
[26-36]. A recent systematic review examined the prevalences
of the following 4 NCDs (and their risk factors) in LMICs that
are known to commonly occur among PLHIV: cardiovascular
disease, cervical cancer, mental health, and type 2 diabetes[37].
However, data were sparse for some diseases entities.

Increasing patient awareness of the effects of long-term HIV
infection and effective levels of antiretroviral treatment, that is,
viral suppression, particularly the shift to a predominance of
chronic diseases, isimportant because thisimproved awvareness
may prompt patients to report symptoms and request screening
for related conditions. Therefore, patient education can improve
our ability to detect NCDs as they become more prevalent. An
effective public health response to HIV, now that the epidemic
is maturing, requirestreatment and prevention of NCDs among
PLHIV inLMICs. It isimperative to understand the predominant
risk factors, the consequent symptoms and complications, and
the available appropriate treatments and preventative
interventions for each NCD.

If left unaddressed, NCDs may undermine the gainsin healthy
life-years realized by global health investments in HIV
prevention and treatment [38]. The emerging NCD epidemic
presents a unique opportunity to leverage the tremendous
investments made in the existing HIV health platforms so that
these enhanced health systems can deliver improved HIV care,
which includes the prevention and treatment of chronic
comorbidities to achieve further reductions in preventable
deaths. Additionally, lessons learned from the public health
approach in response to the HIV epidemic could be applied to
the care and treatment of NCDs, given the chronic nature of
both conditions. To understand this emerging syndemic,
improved surveillance and clinical monitoring of NCDs among
PLHIV are necessary to estimate the burden of and risk factors
for NCDs among HIV-infected persons.

HIV surveillance has been shifting with the epidemic response
over the past 2 decades. Reliance on sentinel surveysand AIDS
case reporting was augmented with household surveys,
community-based surveys, and HIV case reporting. The current
trend is to move toward more routine data collection activities.
Patient monitoring systems that capture a variety of health
conditions, such as routine perinatal mother-to-child
transmission surveillance, are becoming more important as
increasing numbers of PLHIV are accessing care and treatment.
Some comorbidities are already recognized as important to
monitor, though these are primarily infectious, such as
tuberculosis, hepatitis B, and hepatitis C. As effective ART
continuesto be scaled up across LMICs, chronic conditionswill
become more important to monitor because more PLHIV will
achieve virologic suppression.

National HIV program responses would benefit from the
integration of screening for NCDs known to be associated with
or closdly linked to HIV, for example, human
papillomavirus-related cancers, such as cervical cancer, and
cardiovascular disease [37]. Asindicated by arecent systematic
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review, current efforts are limited to clinical cohorts or studies
[37]. Routine screening is not presently being conducted in
many clinical settings in sub-Saharan Africa (SSA) that offer
HIV care; however, some efforts do exist [39]. Generd
screening could include blood pressure measurement, height
and weight assessment, lifestyle counseling including smoking
cessation and physical activity promotion, tests for liver and
kidney function, and cervical cancer screening. Given the
similarities between HIV and NCD care and management, a
coordinated approach to address both seems feasible and
warranted [40]. Additionally, the resultant health systems
strengthening will facilitate improvements in heath care
coverage worldwide.

Benefits of Noncommunicable
Diseases-HIV Integration

The PEPFAR HIV program has been criticized as a vertical
disease-specific health system with regards to funding, supply
chain, and clinician staffing [41-43]. Horizontal integration
avoids these issues by taking a multi-disease approach to care
[43,44]. Models such as chronic disease clinics have proven
effective in treating diabetes, hypertension, and HIV and allow
caregiversto take a patient-centered approach in responding to
the health needs of PLHIV [45]. By preventing late-stage NCD
presentation, horizontally-integrated care models minimize
NCD-related mortality and may thus maximize cost-
effectiveness if cost-prudent integration is employed [38].
Integrated models of care have also shown increased retention
of patients with comorbid disease, thereby conferring
improvements in adherence to treatment and continuity of care
[41,43]. Lastly, integration of HIV and NCD monitoring and
evaluation (M&E) systems allows for improved data collection
and analysis pertaining to NCDs, which could then be used to
support large-scale health policy change [46].

Barriers to Integration

The integration of NCD and HIV health care can lead to
improvements in the quality of care and treatment; however,
this enhancement of service provision can be costly. Initial
overhead costs needed for service integration include training
of clinical staff, procurement and distribution of laboratory
reagents and medications, and greater supply chain needs. These
costs can often be daunting for policy makersin resource-limited
settings [47]. In integrated care systems, deficits in human
resources for health, such as limited numbers of health care
workers, can become problematic owing to the need for
increased requirements for clinical services. Deficits here can
lead to bottlenecking because of high patient |oads and increased
responsibilities for few clinicians [48,49]. Task-shifting can
alleviate this bottleneck, but the cost of additional staff and
training may be prohibitive.

Economically, integrating NCD care into LMIC HIV systems
isonly viablewith buy-in from the government, external donors,
and national constituents. As with PEPFAR for HIV care,
countries may require infrastructural capacity building before
they become capable of supporting these larger health care
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systems on their own [50]. Although not universally feasible,
an idea solution would entail HIV programs providing the
necessary infrastructure for NCD programs with multi-sectoral
support and coordination, thus minimizing cost [51]. As
countries transition from low-income to middle-income, an
additional challenge is finding resources to support HIV
programs as donor resources diminish in the face of competing
health care demands. These demands include the need for
additional financial and human resources in constrained
situations. Finaly, the integration of separate health systems
creates a need for improved management practices. Standards
to address selection biases, validity, and reliability of data
sources are needed to ensure that robust data are collected. This
will ensure that data from a variety of sources (eg, clinica
systems, research, and M&E) are standardized to some extent
and will limit missing and unreliable data. M& E systems must
be expanded to include NCD screening and treatment services,
and quality of care must be ensured through continued
monitoring, evaluation, and medical education [43,49,52].

AsNCDs become more prevalent, resource all ocation needs to
be informed by knowledge of the burden of disease and
evidence-based interventions. Cost-effective  models of
comprehensive care of HIV, a chronic disease when viral
suppression is achieved and maintained, that integrates
management of NCDs associated with HIV are needed. The
first step is leveraging surveillance systems to enhance our
knowledge of the NCD burden among PLHIV by collecting
information on risk factors and related morbidity. Several
strategies to improve knowledge of disease burden exist,
allowing public health officials to design or enhance
interventions to reduce years of life lost. Among these are
case-based surveillance and population-level monitoring
systems; registries, which use medical records datafor clinical
surveillance; cohort monitoring in LMICs; and popul ation-based
surveys.

Case-Based Reporting and
Population-Level Patient Monitoring
Systems

HIV case reporting has been a part of second generation
surveillance, as proposed by the World Health Organization
(WHO) and UNAIDS, since 2000 [53]. Case-based reporting
systemsremain unevenly developed acrossLMICs[54,55]. The
rapid expansion of ART and the promulgation of the 90-90-90
treatment targets have renewed the focus on case reporting,
linked to patient monitoring systems, by WHO and UNAIDS.
In settings where unique identifiers are available, HIV case
report systems can be crossed with registries where they exist
to link associated conditions; currently, cancer registriesarethe
most prevalent [56]. Every effort should be made to protect
patient privacy and ensure confidentiality asindividual systems
grow to collect more data elements and are linked to other
systems. To strengthen overall patient care, the population-level
HIV patient monitoring system, whichisdesigned totrack ART
adherence and HIV viral suppression, can monitor conditions
associated with both HIV infection and long-term exposure to
ART. Population-level patient monitoring systems can capture
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risk factors such as hypertension and hyperlipidemiaaswell as
outcomes such as cardiovascular disease and cancer [57].
Specific conditions that have a demonstrated link to HIV
infection or long-term use of ART should be collected and
reported, and appropriate responses should be developed for
the patient and the population.

Registries

Registries collect clinical information of all patients diagnosed
with acertain condition within a particular catchment area over
a period of time and are particularly useful for patient care,
especially in areasthat lack population-level patient monitoring
systems. Patients’ information from participating clinics is
entered into the registry after diagnosis of a particular NCD or
identification of a person with previously diagnosed NCD(s)
of interest; this registry contains all patients under the same
participating health care provider or in the same facility who
have the same NCD. The clinic data collected at each visit is
entered into the registry or, ideally, automatically flows from
the patients’ medical recordsinto the registry without additional
resources required for data entry[58]. These data can then be
aggregated at the regional or national level and can be used for
cohort monitoring; program evaluation; tracking indicators for
accountability to funders, policy makers, and stakeholders; and
for performance reporting. Furthermore, at the patient level,
registries can be used to track adherence, provide remindersfor
follow-up and preventative services as well as track health
changes over time [59].

Registries range from a low-tech paper-based format to a
higher-tech electronic format. An electronic medical records
(EMRs) system is ideal because it allows for the data to be
collected in real-time from a linked EMRs system, and
individual or cohort outcomes can be more easily monitored.
However, an EMR is not necessary [60]. Asthe number of cases
grows, asexpected for an NCD of interest, paper-based registries
cannot work efficiently or accurately. Collecting patient data
and manually creating a registry is time-consuming and takes
health care staff away from patient care[61]. However, it isstill
a useful modality, and the lack of EMRs systems should not
preclude the development of registries, at least in part, for
improving patient care.

The creation of registriesis important and prudent because the
current management of NCDsiis, in many places, unstructured
and unmonitored. Through the creation of registries, health care
systems can gain the ability to collect data on NCDs [62].
Reliable patient data at all levelsare necessary for surveillance,
forecasting drug and commodity procurement, human resource
needs, and logistics required to keep the program on track [63].
However, it isimportant to ensure that any new data collection
requirements render useful information and do not create an
additional burden for the health care staff. Registries can also
be structured to give feedback on performance, which serves
as a benchmark to determine the quality of care and quality
improvement at the level of individual providers, health care
teams, or clinics. Registries can also be used to support clinical
decision making; to allow providersto be proactive rather than
reactive, for example, by setting up patient reminders about
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needed services or follow-up visits; and to share data throughout
apractice, anong practices, and potentially throughout an entire
health care system.

Ethical considerations may prevent the inclusion of name-based
HIV statusin aregistry, requiring unique identifiers. However,
even with unique identifiers, confidentiality may be lost if
systemsare not created with checksto ensure privacy. Therefore,
precautions to protect the identity of individuals in both
name-based HIV casereport databases aswell as databases that
use unique identifiers must be taken, particularly in contexts
where stigma and discrimination against PLHIV are strong.

Cohort Monitoring

Animportant use of registriesis cohort monitoring [64], which
is inspired by directly observed treatment, short-course for
tuberculosis and provides a useful way of assessing whether
interventions, as specified in the country guidelines for NCDs,
are being performed as well as to track performance and
progress of the intervention. This allows the country to review
the progressive scale-up of those alive and on treatment and see
where these patients are being treated (hospital, urban health
center, rural health center, or private clinic). Furthermore,
individual patient data can be deidentified and aggregated to
determine morbidity and mortality levels for NCDs generally,
generate incidence and prevalence rates of complications, and
assess performance at local and national levels[59]. Successful
application of the directly observed treatment, short-course
monitoring system to patients with diabetesin Malawi [58] and
those with hypertension in Jordan [61] has been reported.

Population-Based Surveys

The WHO-UNAIDS Technical Working Group on HIV
Surveillance has advocated the use of population-based surveys
to understand the risk factors for HIV and to determine HIV
incidenceand prevalence. Asthe HIV epidemic maturesin SSA,
these surveys should include questions about NCDs and rel ated
risk factors. Basic screening for diseases such as hypertension
would be easy to employ aswell [65]. Household surveys such
as the Demographic and Health Surveys (DHS) collect dataon
screening for NCDs and HIV. Some DHS include testing for
NCDs and HIV [66,67]; however, it is uncommon for DHS to
routinely report on any associations. These data are publicly
available and can be examined for associations, but this should
become part of routine public health reporting. Additionally,
the WHO STEPwise approach to surveillance should consider
an HIV module for high-burden countries. This would allow
for both general population and HIV-specific estimates of NCD
burden, which would inform national policies and plans to
address the growing NCD burden.

The PEPFAR-funded Popul ation-based HIV Impact Assessment
surveys are nationally representative, household-based HIV
surveys that are used to provide subnational estimates for HIV
prevalence and viral load suppression and national estimates
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for HIV incidence to measure the status of the HIV epidemic
and impact of HIV prevention and treatment programs [68].
Data on demographic characteristics, risk behaviors, and testing
and treatment history are collected through household and
individual questionnaires. These surveys can aso be leveraged
to collect data about NCDs by including questions about NCD
risk factors and diagnosed NCDs. Additionally, HIV testing is
routinely performed with laboratory capacity to test blood
samples, which provides an opportunity for screening for NCDs
aswell.

Mathematical Modeling

Given the limited data currently available concerning the NCD
burden among PLHIV in LMICs, mathematical modeling could
provide useful information about prevalence. The granularity
of the prevalence rates may be limited based on available
country-specific data for the models. However, with concerted
efforts to collect meaningful data to inform these models,
relevant figures could be generated. Currently, the Global
Burden of Disease Study generates estimatesfor the prevalence
of various diseases and has a Web-based tool that generates
visualizations of these data [69]. As a next step, it may be
imperative to develop a tool to generate the estimates of
coburden of certain diseases such as HIV and tuberculosis or
HIV and cardiovascular disease. Data of coburden can help us
to identify syndemics and thus better focus our efforts and
resources to prevent and treat these diseases.

Conclusions

With the success of the global effort to scale up ART access,
LMICs, particularly those in SSA, in which mortality has been
dominated by HIV over the past decades, will start to experience
syndemics. Increasingly, mortality attributable to NCDs will
be greater than communicable diseases asit isin the rest of the
world. Improved data collection and surveillance of NCDs
among HIV-infected personsin LMICsare necessary to inform
integrated NCD-HIV prevention, care, and treatment models
that are effective across a range of geographic settings.
Implementation of integrated care will strengthen current health
systems and facilitate a platform for more comprehensive and
less fragmented health care delivery as well as M& E systems.
These efforts will preserve the considerable investments that
have been made to prevent lives lost to HIV, promote healthy
aging of PLHIV, and contribute to meeting United Nations
Sustainable Development Goals [70]. Additional incremental
investmentsin NCD management among PLHIV could broaden
health care coverage and support a research agenda, which
would benefit both PLHIV and the genera population.
Furthermore, as countries start to achieve HIV epidemic control,
the integration of HIV and NCD management will provide a
transition plan for extending the comprehensive care provided
to PLHIV to the general population; thiswill facilitate the goal
of improved overall access to health care.
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Abstract

Background: A universal health care identifier (UHID) facilitates the development of longitudinal medical records in health
care settings where follow up and tracking of persons across health care sectors are needed. HIV case-based surveillance (CBS)
entails longitudinal follow up of HIV cases from diagnosis, linkage to care and treatment, and is recommended for second
generation HIV surveillance. In the absence of aUHID, records matching, linking, and deduplication may be done using score-based
persons matching algorithms. We present a stepwise process of score-based persons matching al gorithms based on demographic
datato improve HIV CBS and other longitudinal data systems.

Objective: The aim of this study isto compare deterministic and score-based persons matching algorithms in records linkage
and matching using demographic datain settings without a UHID.

Methods: Weused HIV CBS pilot datafrom 124 facilitiesin 2 high HI'V-burden counties (Siaya and Kisumu) in western Kenya.
For efficient processing, data were grouped into 3 scenarios within (1) HIV testing services (HTS), (2) HTS-care, and (3) within
care. In deterministic matching, we directly compared identifiers and pseudo-identifiers from medical records to determine
matches. We used R stringdist package for Jaro, Jaro-Winkler score-based matching and Levenshtein, and Damerau-L evenshtein
string edit distance calculation methods. For the Jaro-Winkler method, we used a penalty ( p )=0.1 and applied 4 weights (w) to
Levenshtein and Damerau-L evenshtein: deletion w=0.8, insertion w=0.8, substitutions w=1, and transposition w=0.5.

Results: We abstracted 12,157 cases of which 4073/12,157 (33.5%) were from HTS, 1091/12,157 (9.0%) from HTS-care, and
6993/12,157 (57.5%) within care. Using the deterministic process 435/12,157 (3.6%) duplicate records were identified, yielding
96.4% (11,722/12,157) unique cases. Overall, of the score-based methods, Jaro-Winkler yielded the most duplicate records
(686/12,157, 5.6%) while Jaro yielded the least duplicates (546/12,157, 4.5%), and L evenshtein and Damerau-L evenshtein yielded
4.6% (563/12,157) duplicates. Specifically, duplicate records yielded by method were: (1) Jaro 5.7% (234/4073) within HTS,
0.4% (4/1091) in HTS-care, and 4.4% (308/6993) within care, (2) Jaro-Winkler 7.4% (302/4073) within HTS, 0.5% (6/1091) in
HTS-care, and 5.4% (378/6993) within care, (3) Levenshtein 6.4% (262/4073) within HTS, 0.4% (4/1091) in HTS-care, and
4.2% (297/6993) within care, and (4) Damerau-L evenshtein 6.4% (262/4073) within HTS, 0.4% (4/1091) in HTS-care, and 4.2%
(297/6993) within care.
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Conclusions:  Without deduplication, over reporting occurs across the care and treatment cascade. Jaro-Winkler score-based
matching performed the best in identifying matches. A pragmatic estimate of duplicates in health care settings can provide a
corrective factor for modeled estimates, for targeting and program planning. We propose that even without a UHID, standard
national deduplication and persons-matching algorithm that utilizes demographic data would improve accuracy in monitoring

HIV care clinical cascades.

(JMIR Public Health Surveill 2018;4(4):€10436) doi:10.2196/10436
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deterministic matching; score-based matching; HIV case-based surveillance; unique case identification; universal health care

identifier

Introduction

In Sub-Saharan Africa, HIV case-based surveillance (CBS) has
not yet been implemented to itsfull potential yet it is one of the
recommended methodsfor second generation HIV surveillance
[1,2]. Second generation surveillance systems advanced beyond
initial epidemic monitoring approaches that focused on
aggregate numbers to use of individual-level clinical data.
Within CBS, individual patient demographic attributes can be
linked to key clinical events over time allowing for individual
tracking. Hence, HIV cases are tracked from (1) diagnosis, (2)
linkage to care, (3) antiretroviral treatment (ART), (4) viral
suppression, and (5) other outcomes such as retention in care,
transfer-out, and lossto follow up or death. Thislevel of follow
up is useful for developing epidemiological profiles at the
smallest geographical units[3], monitoring of theHIV careand
treatment clinical cascades, and measuring achievement of the
Joint United Nations Program on HIV and AIDS (UNAIDS)
Fast-Track 90-90-90 targets [4].

Case-based surveillance has advantages over aggregate data
reporting systems since it uses individual-level data, allowing
for better tracking of treatment course and outcomes. Case-based
surveillance can aso more accurately show trends and event
sequences in the HIV epidemic, for example, trends of time to
linkage to treatment from HIV testing or even changes in the
clinical cascade over time [5]. Though CBS has been shown to
be feasible in low resource settings [6], accuracy in CBS is
contingent upon unique patient identification and correct record
linkage from HIV diagnosis through the treatment course, due
to the longitudinal nature of HIV care and multiplicity of data
sources and care settings. Moreover, record linkage is useful
for attaching records to aresidence and geographic locality for
example, in demographic and health surveillance systemswhere
individuals are tracked routinely in their households [7], for
dataaggregation, and to facilitate correct assessment of program
coverage.

There are 2 broad approaches to matching and records linking
by using personally identifiableinformation (demographic data
matching) and using a universal health care identifier (UHID)
assigned to uniquely identify persons within a health care
setting. Some of the earlier use cases for persons matching
include immunization programs [8,9], and in other settings
where unique identification is important such as a nationa
census [10,11]. Though less common in settings such as HIV
care and treatment programs, unique patient identification has
recently and increasingly become important as patient volume

http://publichealth,jmir.org/2018/4/e10436/

grows in these settings. In HIV care and treatment, patient
volume continually increases and so does the need for electronic
medical records (EMRs). There are commensurate benefits of
EMRs over paper records such as improved patient care
coordination and clinical decision support [12]. Electronic
medical records improve the capture of patient identifiers
including UHIDs needed for longitudinal patient follow up. The
utility of UHID for longitudinal follow up of patients has been
demonstrated through correcting misclassification of the final
patient outcomes such as loss to follow up in highly mobile
populations. For example, in South Africa, a study among
postpartum women found that a third may be misclassified as
having been lost to care [13]. Asachronic condition, HIV care
entailsthe use of HIV services by patients at multiple locations
over a lifetime. Additionaly, individuals may get an HIV
diagnosis at one facility and choose to engage in HIV care at
another location, they may receive adiagnosisin morethan one
care setting, and patients may move HIV care locations with or
without notifying health care staff.

While UNAIDS recommends patient-centered colocation and
integration of services across care settings such as antenatal
care, tuberculosis, and HIV [4], colocationisnot awaysfeasible
and hence tracking patients across the cascade of treatment can
be difficult without a UHID and reliable EMR. Even when a
government identification document isissued at adulthood, use
of its unique number for reproductive and health care services
is limited by acceptance and excludes younger populations.
Additionally, name and location matching may be used where
patient details such as names and locator information exist [14],
but have limited utility in mobile populations. In the absence
of a UHID, biometrics such as fingerprints are recommended
[15] and may be used among HIV infected patients receiving
care [16]. Other forms of patient identification, for example,
the HIV comprehensive care clinic (CCC) medical record
number used in Kenya suffers from low portability since they
may not be permanent when a patient reinitiates care in a
different facility. Program-identifiers have limited potential for
anational surveillance system since they are unique to issuing
facility. Hence, patients may acquire anew identifier when they
transfer to a different facility resulting in unlinked data [17].

Given the chronic nature of HIV infection, integrating care
across multiple service providers is essential. Nonetheless,
unique patient identification in HIV programs, especialy in
Sub-Saharan Africa is rarely harmonized across service
providers[18]. Without aunique patient identifier, if name and
location data are available, they may be used to link medical
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records[14]. Therefore, demographic datahave utility in records
linkage. There are 2 types of algorithms for records matching,
allowing for subsequent linkage and deduplication. Thefirst is
deterministic matching—a stepwise procedure in which sets of
rules are used to pair up records based on actua or
pseudo-identifiers identifying them as either a match or
belonging to different persons. The second is score-based
matching which refers to arithmetical models used to classify
record pairs based on calculating a string distance measure
quantifying how dissimilar 2 strings or words are to 1 another
and applying a decision rule such as a score. The scoreisthen
used to determine whether duplicate records belong to the same
individual .

Persons matching using score-based demographic datamatching
algorithms may be feasible for patient clinical encounter data
and surveillance where demographic data is documented.
However, there is a lack of data on the utility of score-based
demographic data matching methods and how they compare
with deterministic matching in low-resource settingsincluding
Sub-Saharan Africa. We used data from a pilot of HIV
case-based surveillance in Siaya and Kisumu—two high
HIV-burden counties in western Kenya to (1) compare
deterministic and score-based patient matching algorithms and
(2) propose an efficient algorithm for deduplicating and uniquely
identifying HIV casesin CBS data collection and reporting in
Kenya and similar settings.

Methods

Study Setting

ThisHIV case-based surveillance pilot was conducted between
July 2015 and December 2015 in 124 facilities in Kisumu and
Siayacounties. Thefacilitieswere selected to represent avariety
of settings such as levels of care (dispensary, health center,
subcounty, and county referral), use of an EMR versus paper
records, and size of the patient population. Datawere collected
retrospectively to allow for at least four months of follow-up
time from initial diagnosis, entry into care, or ART initiation
within the study period. Datawere collected by subcounty AIDS
and sexualy transmitted infections (STI) coordinators and
Kenya Medical Research Ingtitute (KEMRI) surveillance
officers, and in some cases, facility staff. Data were entered
from paper medical records and registers into the customized
dataentry platform for cases newly diagnosed or newly enrolled
in HIV care from January through June 2015 using
Android-based tablets and a standardized HIV casereport form.
Surveillance officersweretrained in data collection using tabl ets
and provided with login credentials. All surveillance officers
signed a data confidentiality statement. As collected data
contained patient names and other patient identifiers they were
encrypted before transmission via a dedicated virtual private
network in real-time to a server hosted on the Amazon cloud
computing service. The staff at the Nationa AIDS and STI
Control Program (NASCOP) managed the data [19].

A case was defined minimally to include the date of diagnosis,
age at diagnosis, gender, first name, and surname. Cases
originated from the following 3 scenarios and analytical
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frameworksrelating to the HIV care cascade. Thefirst scenario
is within HIV testing services (HTS). This scenario
accommodates cases found within the same facility (cases that
weretested at thefacility and retested at the same facility hence
having different dates of diagnosis). It also included cases that
moved to a different facility (cases that tested at one facility
and retested at a different facility). The second scenario is
HTS-care. This accommodated HT S-to-care scenario in which
cases were tested and linked within the same facility. It aso
included HT S-to-care cases that would be tested at one facility
and then linked to carein adifferent facility. These 2 scenarios
accounted for movement of persons diagnosed with HIV and
accessing care within the same facility and clients that may test
at one facility and access care in a different facility. The third
scenario is within care scenarios. This included referrals and
linkages from one facility to another. Similar to HTS-to-care
linkage scenarios some cases had enrolled into care in one
facility and throughout care transferred to another facility.
However, HTS was not a source of data for the diagnosis
information, and hence we did not have any testing location
information for these cases.

Data Collection

Methodsfor datacollection are described in the HIV case-based
surveillance pilot report [19]. Briefly, data were extracted
prospectively for everyone newly diagnosed or enrolled in care
in a given 6-month period in the participating facilities and
subsequent updating of sentinel events for those individuals.
At the end of the pilot, we had 12,260 records but excluded 100
which had amissing date of diagnosisand 3 which had amissing
date of birth before matching (Figure 1).

Data Preparation and Standardization

We created analytical groups—also called “blocking” according
to the scenarios described in the study setting before carrying
out matching analyses to allow for comparability and faster
processing,

Before carrying out matching processes, we standardized patient
identifying fields used in matching. First, all blank spaces,
commas, apostrophes, and dasheswere stripped from first names
middle names and surnames. Second, all string fields were
converted to lower case. A Soundex [20] was created for the
first names in all records since the first names are mostly of
English origin. Third, we created double metaphone for middle
names and surnames. Fourth, the year of birth was standardized
to afour-digit number.

A potential patient identifier for the deduplication process is
CCC number which isaunique patient number assigned at first
clinical encounter once an HIV-infected patient has gone
through triage and isready for enrolment into afacility-managed
HIV program. The CCC number is an 11-character code
comprising a5-digit uniquefacility code followed by a separator
and a 5-digit sequentially facility-assigned unique number. We
standardized CCC numbersto consider variationsin recording
(eg, use of spaces, slashes, dashes, adding leading zeros, and
commas).

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 [€10436 | p.221
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Waruru et al

Figure 1. Number of records used for deterministic and probabilistic matching, HIV case-based surveillance in Kenya (2015).

All records
N=12,260

All adults and children records

Exclusions

Missing date of
--— - diagnosis
n=100 (0.8%)

Missing date of
birth
n=3 (<0.5%)

Included in analyses

n=12,157 (99.2%)

Records with complete match variables

Deterministic Matching

We used the following fields in deterministic matching (1) the
first name, (2) surname, (3) gender, and (4) year of birth. To
reduce mismatching dueto variation in spellings of English first
names, we used Soundex. We then created a “ pseudo-unique
key” combining the resulting Soundex values aswell as gender,
surname, and year of birth. The CCC numbers were used to
match care records that were missed by using the
“pseudo-unique key.”

Score-Based Matching

We separated the data according to the “blocking” scenarios
described in the deterministic process. These blocking scenarios
are necessary so that comparisons are made among potentially
related records. We used R (an open-source software) in our
study since it provided programming flexibility to implement
the matching string preparation and matching process. We
created amatching key field by including the data elements (1)
first character of gender at birth, (2) Soundex of the first name,
(3) secondary double metaphone of middle name, (4) secondary
double metaphone of surname, and (5) year of birth. This
produced  strings such as  “fF465aknannk1983;
“f1650aknkannk1990” (where middle name secondary double
metaphone was available), and “fG620ans1994" (where
secondary double metaphone of the middle name was
unavailable). We then implemented Jaro and Jaro-Winkler string
matching and Levenshtein and Damerau-Levenshtein string
edit distance algorithms in the R stringdist package [21,22].
String score-based matching was conducted using ratios of
matching strings, and a penalty was applied for the first 4
characterswhen Jaro-Winkler agorithmisused asintheformula
(Figure 2) where d; isthe Jaro-Winkler distance score, misthe
number of matching characters, |s| islength of string 1, |s| is

length of string 2 and t is half the total transpositions or the
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number of matching (but different sequence order) characters
divided by 2. String edit distance cal culations, on the other hand,
quantify how different 2 strings or words are to one another by
counting the minimum number of deletions, insertions,
substitutions and transposition operations required to transform
1 string into the other. Score-based methodol ogies are based on
the Fellegi-Sunter linkage rule that classifies a record pair as
matching or nonmatching [11]. The score level to determine a
match is determined apriori or based on experience by the user
and dependent on the setting. For our case, a score of 98% and
above was considered sufficient to determine a match. When
we implemented the Jaro and Jaro-Winkler methods, we set a
standard penalty factor to 0.1. This penalizes matches based on
similarity at the beginning of the string to give favorableratings
to strings that match from the beginning for a set prefix length
of up to 4 characters according to Winkler and Cohen [11,23].
The penalty factor is added to discount matches that are found
based on up to a maximum of first 4 characters sincein string
writing, the person recording is more likely to make an error
after the first 4 characters. We considered the 4 weights (w)
applicable to the Levenshtein and Damerau-Levenshtein
methods (1) deletion (w=0.8), (2) insertion (w=0.8), (3)
substitutions (w=1), and (4) transposition (w=0.5). For the
Levenshtein method, the penalty for substitution isignored [22].

Due to possibilities of age variations for the same person
accessing HTS and care services at differing periods, the
numeric comparator age, with a variation of not more than 12
months within identified matches was considered sufficiently
close for confirming a match. We compared deterministic and
score-hased processes for unique case identification regarding
the number of matches yielded and the deduplication extent
achieved within the scenarios. We also assessed match yield
when HTS and HTS-care records were treated as mutually
exclusive versus as a combined set. Regardless of approach,
total yield was a sum of duplicates from all scenarios.
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Figure 2. The Jaro-Winkler equation.
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Postmatch Processing

Based on the date of HIV diagnosis, we carried out extra steps
to determine how to retain unique records after the matching
process. If the retained and duplicate records had conflicting
datesof diagnosis, we retained the records with the earliest date
of diagnosis. For retained records, we maximized completeness
of data for al fields by comparing with the duplicate records.
Whenever a retained record had missing data that was in
duplicate record, an append merge was carried out to overwrite
missing values with the nonmissing value from the matched
record.

Ethical Consider ations

Ethical approval was obtained from the KEMRI (SSC #2827)
and the Office of the Associate Director for Science, Centers
for Disease Control and Prevention (CDC) with tracking
#2014-136. Accessto dataused in these anal yses was password
protected, and all study coordinators, data abstractors, and
analysts signed a confidentiality form.

Results

HIV Case Records and Demographic Data Variables

A total of 12,260 records were collected. We excluded 100
(0.8%) records due to missing dates of diagnosis, and 3 (0%)
missing the date of birth (Figure 1). The final data set used for
the matching exercise included 12,157 records representing
adult and pediatric cases. From these records and before data
deduplication, 33.5% (4073/12,157), 9.0% (1091/12,157), and
57.5% (6,993/12,157) corresponded to HTS, HTS-care and
within care scenarios respectively. In Table 1, completeness
and uniqueness of variables used to construct score-based
matching string are presented. In the entire data set, gender,

m-t)

+

m

year of birth, first name and surname were 100% complete while
the middle name was missing for 38% of the records. First
names were less unique than surnames: 8.2% (1002/12,157)
versus 19.1% (2321/12,157). When Soundex was applied to
standardize the English first names, 273/12,157 (2.2%) remained
unique compared to 1002/12,157 (8.2%) of the original
unstandardized format. When secondary double metaphone was
applied to standardize the middle and surnames, 2.6%
(316/8772) and 3.1% (373/12,157) respectively remained unique
compared to 13.1% (1150/8,772) and 19.1% (2321/12,157) of

the original unstandardized format. The similarity of names
varied by setting (Table 1).

Matches | dentified

Out of the 12,260 records, 12,157 (99.2%) were used in the
analyses. Using the deterministic method, 67/12,157 (1.6%)
recordswerematchesin HTS, 164/12,157 (15.0%) in HT S-care,
and 204/12,157 (2.9%) in the care-only scenario. Thisyielded
atotal of 435/12,157 (3.6%) matches and 11,722 unique cases
across the testing and, care and treatment cascade (Table 2).

Overall, of the score-based methods, Jaro-Winkler yielded the
most duplicate records (686/12,157, 5.6%), Jaro yielded the
fewest (546/12,157, 4.5%), and both Levenshtein and
Damerau-Levenshtein yielded the same number (563/12,157,
4.6%). Specifically, duplicate records yielded by method were:
(1) Jaro 5.7% (234/4073) within HTS, 0.4% (4/1,091) in
HTS-care, and 4.4% (308/6993) within care, (2) Jaro-Winkler
7.4% (302/4073) within HTS, 0.5% (6/1091) in HT S-care, and
5.4% (378/6993) within care, (3) Levenshtein 6.4% (262/4073)
within HTS, 0.4% (4/1091) in HTS-care, 4.2% (297/6993)
within care, and (4) Damerau-Levenshtein 6.4% (262/4073)
within HTS, 0.4% (4/1091) in HT S-care, and 4.2% (297/6993)
within care.

Isal

Table 1. Completenessand uniqueness of demographic fields used in the matching processfor HIV case-based surveillancein Kenya2015 (N=12,157).

Fields Completeness (%) Unique? (n) Out of n (%)
Gender® 100 2 12,157 (0)
Year of birth 100 6 12,157 (0)
First name 100 1002 12,157 (8.2)
Soundex of first name 100 273 12,157 (2.2)
Middle name 72 1150 8772 (13.1)
Phonetic middle name® 72 316 8772(3.6)
Surname 100 2321 12,157 (19.1)
Phonetic surname’ 100 373 12,157 (3.1)

8Unique refers to similar occurrences of the field (eg, only two types of gender).

bTwo statuses possible (male or female).
Secondary double metaphones for standardizing Kenyan native names.

http://publichealth,jmir.org/2018/4/e10436/

JMIR Public Health Surveill 2018 | vol. 4 | iss. 4 [€10436 | p.223
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Waruru et al

Table 2. Scenariosin HIV diagnosis, care and treatment cascade, and deduplication yield for HIV case-based surveillance in Kenya 2015.

Scenarios Deterministic matching method, n (%) Matches identified for each score-based matching algorithm, n (%)
Jaro Jaro-Winkler Levenshtein Damerau-Levenshtein
Al (N=12,157) 435 (3.6) 546 (4.5) 686 (5.6) 563 (4.6) 563 (4.6)
HTSP (n=4037) 67 (1.6) 234 (5.7) 302 (7.4) 262 (6.4) 262 (6.4)
HTS-care® (n=1091) 164 (15.0) 4(0.4) 6 (0.5) 4(0.4) 4(0.4)
Care only? (n=6993) 204 (2.9) 308 (4.4) 378 (5.4) 297 (4.2) 297 (4.2)
Unique® 11,722 (96.4) 11,611 (955)  11,471(94.4) 11,594 (95.4) 11,594 (95.4)

3summed up for all the scenarios.

PHTS: HIV testi ng services (records where data were primarily from the HTS setting and the records contained HIV diagnosis data only).

CHTS-care (records that contained both HTS and HIV care information).

dcare only (records from primarily HIV care with no additional HTS records).

€Unique records after deduplication.

Jaro-Winkler Yield for Mutually Exclusive and
Combined Data Sets

A comparison of Jaro-Winkler yield for mutually exclusive and
data sets that were combined across the scenarios is presented
in Figure 3. When scenarioswere treated as mutually exclusive,
Jaro-Winkler score-based matching algorithm yielded 7.0%
(302/4073) matches in the HTS scenario, 1% (6/4073) in the

HTS-care scenario compared to a higher yield of 7.1 %
(368/5164) when the 2 scenarios were treated as 1 block.

Stepsfor Score-Based Matching and Consider ations

Based on the outcomes of the score-based matching process,
we propose a procedure comprising of 7-steps that is easy to
apply to quickly match and link unique cases across HIV care
settings (Textbox 1). To decide whether or not to use
demographic data matching, we propose a decision model
(Figure 4).

Figure 3. Percent match yield by blocking scenarios using Jaro-Winkler score-based matching, HIV case-based surveillance in Kenya (2015). HTS:
HIV testing services, HTS-Care: records from HT S-care scenarios; Care only: records from care scenarios only. A n B indicates that the intersection
of HTS and HT S-case records yields 386 matches (18% more matches than in mutually exclusive matching).

N=12,157

HTS
n=4073

HTS-Care
n=1091

}

Care only
n=6993

Key

Matches when data from each scenario is treated as mutually exclusive (score-based matching within the scenario)
M Score-based matching done for the combined set of HTS and HTS-Care producing 18% more matches
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Textbox 1. Expandable simplified steps used in the demographic data matching process.

Step 1: Select data sources
o  Select data sources with common fields

B If additional sources are available, add to the list

Step 2: Preparethe data
«  Cleaning and coding

.  Standardizing fields

Step 3: Create a match-string
«  Ensure mutualy exclusive blocks

o  Testinternal validity

Step 4: Create blocks
«  Ensure mutualy exclusive blocks

o Testinternal validity

Step 5: Run the matching algorithm
«  Apply amatch rate of 298%
o Testinasmall identified data set and adjust the match rate

Step 6: Mergethedata
«  Update records that need an update
«  Create amaster patient index

Step 7: Adjudication, quality checks, and use cases
«  For care coordination, recheck that the matches are correct

«  For surveillance and indicator reporting, use a combination of the matched but deduplicated records and the unmatched records
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Figure 4. Decision model for when to use score-based matching.
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Discussion

Principal Findings

Universal health careidentifiersare recommended and ideal for
patient-centered monitoring and CBS [24,25]. However, in low
resource settings, their use is limited. In the interim,
demographic data score-based matching algorithms can play
an important role in improving the quality of CBS data as well
as patient-centered care. We have demonstrated that score-based
methods succeeded in patients matching and identifying more
matches compared to the deterministic process. It ispossible to
match cases, merge sentinel events, and enhance the
completeness of individual deduplicated data using this process.
Consequently, this improves accuracy in CBS and other
longitudinal encounter data. The process also has adual utility
of allowing better care coordination and patient management
at the facility level and improved HIV surveillance at a higher
subnational or national level. The matching process can be
inbuilt in EMRs and at patient registriesto allow for lookup of
already registered patients at thefacility level. Thismay improve
processes, patient flow and avoid unnecessary double entry. We
also demonstrate that we can do enough matching in the absence
of a UHID to move ahead with CBS implementation in
low-resource settings such as Kenya. As such, lack of aUHID
should not stifle movement towards the use of CBS.

Score-Based Matching Yield

Our study compared 4 variants of score-based string-distance
matching methods. The Jaro-Winkler distance method was
found to perform better in score-based matching since it gave
the best yield while considering common spelling mistakes and
logical combination of demographic fields. In developed
countries, it has been shown that about 5% to 10% of medical

http://publichealth,jmir.org/2018/4/e10436/

demographic data
matching

records may be duplicate [26], which compares well with our
results. Jaro-Winkler has been proposed as a method over other
string-matching algorithms since it was designed with rel atively
short strings in mind [21], hence may be best suited to our
setting. In addition, it works well when the name beginnings
are the same [27]. For that reason, we standardized beginning
of the match strings by using a Soundex of the English names
and using secondary double metaphone of middle and surnames.
Further, adecision was made to add thefirst character of gender
at birth to the beginning of the string to improve the accuracy
of the matching score.

Application Considerations

Although we used R in our analyses and matching process, open
source software such as CDC Registry PlusLinkplus[28], which
was originally devel oped for cancer registries has been explored
in low-resource HIV care settings for example in Haiti [29].
Other Web-based applications that have utility for fuzzy
matching and record cleaning, for example, Freely Extensible
Biomedical Record Linkage[6], may have potential. However,
post-match processing is necessary to achieve a high degree of
true matches. A certain degree of human adjudication may be
necessary especially when testing the algorithms. Users of
off-the-shelf solutions such as Linkplus should take caution
since many mismatches may be likely to be true matches [29].
The use of current English name-based Soundex algorithmsis
not appropriate for Kenyan names. In creating uniqueidentifiers
that contain a Soundex component, variations of the first name
canyield adifferent Soundex sincethefirst character isaways
part of the Soundex [20]. A visual inspection of matches based
solely on Soundex of first and surname showed a high
false-positive rate. Research on how to construct a Soundex
algorithm for Kenyan names may be useful as has been
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successfully done in Japan, India, and South Africa [30-32].
We determined that using a double metaphone had
discriminatory power for Kenyan names and hence we used it
for middle and surnames.

Limitations

Our study has severa limitations. First, the choice of a
combination of several fieldsfor aconcatenated “ pseudo-unique
key” may not be optimal. However, we devel oped the matching
string taking advantage of existing identifiersin our data. First
names in Kenya are usually English baptismal or anglicized
names. We took advantage of thisto standardize namesthat are
misspelled using Soundex. Other challenges include manual
transcription errors during patient transfers and assigning of
new numbersfor transfer-in patients. Despite these limitations,
we were able to merge the cases based on the names, gender,
date of birth and CCC number in the within care scenario and
hence identify potential matches in the deterministic process.
Finally, many studies have applied common measures of validity
such as positive predictive value, sensitivity, and specificity
[33]. Unlike those studies, we did not have agold standard for
comparison in the pilot.

The choice of which string distance score-based algorithm to
use largely depends on the nature of the match strings and the
nature of typographic errors[21]. Choice of the matching string
is therefore important. For example, deterministic matching
yielded more duplicates for the HTS to care scenario (15%)
compared to 4.6% to 7.1% across the score-based methods. This
may be because a rigorous manual assessment of possible
matches was done using the CCC numbers such that matches
withinthe HT Sto care scenario were more efficiently captured.
Minimalistic demographic fields were used in score-based
matching across al scenarios, and the CCC number was not
included in the process.
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Conclusions and Recommendations

There has been an ongoing discussion and suggested approaches
for countries to consider in developing UHIDs [17,34]. If, and
when implemented, UHIDs would have the highest potential
to mitigate challenges with a unique identification and record
linkage for an expanded national CBS system. This benefit
extends to other health sectors as countries move towards
universal health care. The recent World Health Organization
guidelines for patient-centered monitoring advocate for using
unique patient identifiersinstead of names[25]. However, where
there is no UHID, a unique patients' deduplication algorithm
based on available demographic datais necessary and feasible.
Such an algorithm would improve monitoring of the HIV
epidemic including the UNAIDS Fast-Track 90-90-90 targets.

We propose a stepwise process that builds up from first
identifying data sources and blocking scenarios. This should be
followed by an examination of the data quality using
completeness as a measure coupled with quality improvement
measures through routine data quality audits. The next step
involves devel oping a matching key, lower-level deduplication
and finally cross-examination, validation and sending of CBS
data to the national level for surveillance. Although validation
of the score-based approach is a necessary extra step, this may
be best done with data sets from settings where agold standard
is available such as those utilizing biometric finger vein
technologiesfor patient identification. Given that these settings
are rare, we suggest that programs identify a percentage that
best suitstheir setting and resources for validation purposes. A
decision model such asthe one presented in Figure 4 may help
programs to decide whether or not to use demographic data
matching. Comparing score-based matches to gold standard
datain Kenyaand similar settings offer an opportunity for future
work in search of aternatives for patient matching. In the
meantime, score-based demographic data matching has utility
for improving the quality of data in monitoring the 90-90-90
cascade and in other health care settings where patients are
longitudinally followed.
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Abstract

Background: The use of mobile phone information technology (1T) in the health sector has received much attention especially
during the 2014-2015 Ebola virus disease (EV D) outbreak. mHealth can be attributed to a major improvement in EVD contral,
but there lacks an overview of what kinds of tools were available and used based on the functionalities they offer.

Objective: We aimed to conduct a systematic review of mHealth tools in the context of the recent EVD outbreak to identify
the most promising approaches and guide further mHealth devel opments for infectious disease control.

Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, we searched for all
reports on mHealth tools developed in the context of the 2014-2015 EVD outbreak published between January 1, 2014 and
December 31, 2015 on Google Scholar, MEDLINE, CAB Abstracts (Global Health), POPLINE, and Web of Science in any
language using the search strategy: (“outbreak” OR “epidemic”) AND (“mobile phone” OR “smartphone’” OR “smart phone”
OR “mobile phone” OR “tablet” OR “mHealth”) AND (“Ebola” OR "EVD” OR “VHF’ OR “Ebola virus disease” OR “vira
hemorrhagic fever”) AND (“2014" OR “2015"). Therelevant publications were selected by 2 independent reviewerswho applied
a standardized data extraction form on the tools' functionalities.

Results:  We identified 1220 publications through the search strategy, of which 6.31% (77/1220) were original publications
reporting on 58 specific mHealth tools in the context of the EVD outbreak. Of these, 62% (34/55) offered functionalities for
surveillance, 22% (10/45) for case management, 18% (7/38) for contact tracing, and 6% (3/51) for laboratory data management.
Only 3 tools, namely Community Care, Sense Ebola Followup, and Surveillance and Outbreak Response Management and
Analysis System supported all four of these functionalities.

Conclusions: Among the 58 identified tools related to EVD management in 2014 and 2015, only 3 appeared to contain all 4
key functionalities relevant for the response to EV D outbreaks and may be most promising for further development.

(JMIR Public Health Surveill 2018;4(4):e68) doi:10.2196/publichealth.9015
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case management; contact tracing; Ebola virus disease; eHealth; mHealth; systematic review; West Africa
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Introduction

Background

The 2014-2015 Ebola virus disease (EVD) outbreak caused
almost 11,000 deaths and tragically demonstrated the need for
effective surveillance and outbreak management [1]. In the
absence of established vaccines and specific pharmaceutical
treatment, the main measure of containment for epidemics
caused by emerging pathogens like Ebola virusis a rapid and
efficient interruption of human-to-human transmission. Even
for diseases for which vaccines or specific treatments are
avalable, the epidemiological, nonpharmaceutical control
measures areindispensable[2]. A particular challengefor EVD
control is contact tracing, which assures that al persons who
had contact with an EVD case are identified and monitored for
the potential appearance of symptomsfor 21 days after exposure
to a patient with EVD [3].

Containment Strategy

Dhillon et a (2014) stated that for an epidemic such as Ebola
virusto be controlled, complementary interventionsare required,
namely (1) community engagement; (2) identification of
contacts; (3) contact monitoring for symptoms; (4) rapid lab
confirmation of cases; (5) isolation and treatment of new cases;
and (6) safe and dignified burials. Each activity isfundamentally
complex, yet al need to be harmonized to stop transmission
and control the outbreak [4]. Because of the dynamically
changing nature of epidemics, it isimportant to have real-time
datafor action, strategy, and coordination of multiple efforts or
interventions to ensure efficient execution of tasksand protocols
and also a management platform that aligns, coordinates, and
monitors all these measures and information resulting from
them.

Integrated Disease and Surveillance Response
In 1998, the World Health Organization (WHO) African

Regional Office established the resolution of the 48™ assembly
endorsing I ntegrated Disease Surveillance and Response (IDSR)
for all member countries to adopt as the core strategy to
strengthen national disease surveillance systems. The objective
of the IDSR is to strengthen district-level surveillance and
response for epidemic-prone diseases, integrating laboratory
support for reference laboratories, reducing the duplication of
reporting, and sharing resources among disease control
programs, which in turn translates surveillance and laboratory
data into timely public health actions [5]. The major setback
with the IDSR since 1998 isthat in practice, it remains majorly
apaper-based system, collecting information from the periphery
and transporting it in an aggregated manner, which results in
considerable delay to the national level without implementing
the notion of bidirectional information flow and even less that
of integrated response [6].

mHealth Technology

The use of mobile phone information technology (IT) in the
health sector (mobile health, mHealth) has received much
attention, especially during the EVD outbreak and could in
principle help implement the basic fundamentals of IDSR [7].
mHealth promises to overcome many of the communication
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and management hurdles and delays commonly experienced in
countries with limited infrastructure in communication and
transportation [8]. A study conducted in 2009 by WHO
confirmed that majority of the WHO member states offer health
call centers and toll-free emergency services using mobile
communications, but these programs rarely used mHealth in
surveillance, raising public awareness, and decision support
systems [9]. These require enhanced capabilities and
infrastructure to implement and therefore may not be a health
priority in affiliate states with financial constraints. Evaluation
is important to determine cost-effectiveness and involves
educating the community about the benefits of mHealth, which
leads to government policy. Despite the need for evaluation,
the survey found that results-based evaluation of mHealth
implementations is not routinely conducted, and only 12% of
member states reported evaluating mHealth services[9].

Study Objective

The main objective of this study was to generate an overview
of mHealth tools that were developed from 2014 to 2015 to
identify tools with the most promising portfolio of
functionalities, which might build the basisfor further mHealth
developments for infectious disease surveillance and control.

Methods

Identification Criteria

We conducted a systematic search for all articles published in
any language indexed in Google Scholar, MEDLINE, CAB
Abstracts (Global Health), POPLINE, and Web of Sciencewith
publication dates from January 1, 2014 to December 31, 2015
using the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines [10].

Systematic Search and Selection

We used the following search strategy: (“Outbreak” OR
“Epidemic”) AND (“mobile phone” OR “smartphone” OR
“smart phone” OR “mobile phone” OR “tablet” OR “mHealth”)
AND (“Ebola’ OR "EVD” OR “VHF’ OR “Ebola Virus
Disease” OR “vira hemorrhagic fever”) AND (*2014" OR
“2015").

The publications that were original, addressed mHealth in the
context of the EV D outbreak, and reported on specific mHealth
tools were independently selected by 2 coauthors (DTA and
CCA). In case of discrepancy in assessment, both authorsrevised
the findings and agreed on ajoint assessment.

The first step was to screen titles and abstracts and discard any
publication that was not original such as editorials, summaries,
videos, and commentaries. The second step was to select those
publications that, based on title or abstract, covered or dealt
with an actual mHealth tool that runs on mobile phones and
tablets and dealt with the management of EVD or other
hemorrhagic fever outbreaks. Thethird step wasto select those
publications that, based on the full article, reported on or
described =1 specific mHealth tool within the context defined
above.
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Categorization and Extraction

Each publication finally selected for review was categorized as
one of the following: book chapter, scientific peer-reviewed
journal article, or nonpeer-reviewed Web article. To extract the
content of these publications, we used astandardized extraction
form ng key functionalities, technical characteristics, and
epidemiological capabilities of the respective mHealth toals.

Key Functionalities

The key functionalities included (1) surveillance capability
(ability of the tool to cover surveillance tasks); (2) contact
tracing (capacity of the tool to conduct contact interviews, take
temperature, follow-up contacts for a certain number of days,
and display results); (3) case management (ability of the tool
to handle case management issues such as alert response for
immediate suspect case evacuation, disinfection, and isolation
aswell as provide feedback for contact tracing and follow-up)
[8]; and (4) laboratory data management (ability to integrate
and update laboratory findings, an essential component of case
verification).

Technical Characteristics
The technical characteristics included the following:

1. Offline capabilities: the ahility of the tool to till function
if there is no internet or data network and to send
automatically stored data to the server once it connects
again to a network.

2. Typeof system: whether thetool was devel oped on an open
or closed source platform.

3. Server characteristics: the ability of the tool to function as
acloud network or client side network, installation criteria
regarding automatic updates, and user-friendly installation
process.

4. Integrated dataanalytics. the capacity of thetool to analyze
and generate reports for immediate action automatically.

5. Data migration: the capability of the tool to import and
export data and its elements from 1 platform to the other.

6. Data security system: the security of the data system with
respect to disaster recovery, data protection, and backups.

7. Bidirectional information flow: the data flow from the
lowest level of data entry to the highest level of decision
making and anaysis with a standardized feedback
mechanism back to the lowest level.

Epidemiological Characteristics
The epidemiological characteristics included the following:

1. Outbreak management unspecified, referring to tools that
state the offering of functionalities but do not specify which
ones and how.

2. Rumor management capability to capture rumors from the
community viaahotline and real-time situational awareness
to track the detection of diseases and spread.

3. National response management functionality to coordinate
response measures at national level.

4. Regional response management functionality to coordinate
response measures at regional or state level.
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5. District response management functionality to coordinate
response measures at the district level.

6. Performance of a systematic evaluation to evaluate the
usefulness of the tool.

7. Piloted or deployed for use in the field via tool
implementation in the field with real patients, at least for
piloting.

8. Design based on IDSR concepts and strategy used for health
surveillance in Africa

9. Design based on preexisting data models such as Centers
for Disease Control and Prevention viral hemorrhagic fever
case investigation form integration or Epi Info Vira
Hemorrhagic Fever App [11].

10. Health facility notification, referring to health facilities
using the tool to notify cases digitally.

Data Analysis

Data variable responses were categorized into yes (function
available), no (function not available), or unknown (publication
does not clearly reveal whether the tool offers the respective
function or not). For computation of percentages, we used the
sum of yes and no answers for each of the respective outcomes
as the denominator.

Results

Identified Publications

We identified 1220 publications from the automatic search in
Google Scholar. PubMed found 8 publications that were
duplicates of those in Google Scholar, 4 of which were relevant
to thetopic. We did not find any publicationsin CAB Abstracts
(Globa Health), POPLINE, or and Web of Science using the
same search string across the search engines. After manual
selection, weidentified 79.10% (965/1220) original publications
of which 15.0% (145/965) addressed mHealth and EVD
outbreak response. Among these 145 publications, 53.1%
(77/145) reported on 58 specific mHealth tools. Figure 1 shows
the flowchart of the number of publications initialy retrieved
and the proportion selected for extraction following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
approach.

Key Functionalities

With respect to the 4 key functionalities, 62% (34/55) out of
the 55 tools offered functionalitiesfor surveillance, 22% (10/45)
for case management, 18% (7/38) for contact tracing, and 6%
(3/51) for laboratory data management. Only 3 tools, hamely
Community Care (CommCare) [12], Sense Ebola Followup
[13], and Surveillance and Outbreak Response Management
and Analysis System (SORMAYS) [14] supported all 4 of these
functionalities (3/58, 5%). The detailed profile of key
functionalitiesis displayed in Table 1.

Technical Characteristics

Table 2 displaysthetechnical characteristics of the 58 identified
tools. For 3% (2/58) of thetools, namely CommCare and Sense
Ebola Followup, the publications indicated that they displayed
all 7 technical characteristics.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses approach for the selection of publications on mHealth tools for the
2014-2015 Ebolavirus disease outbreak. EVD: Ebolavirus disease.
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Table 1. Key functionalities for 58 mHealth Ebola virus disease tools, 2014-2015.

Key functionalities Yes, n No, n Unknown, n Yes?, %
Surveillance capability 34 21 3 62
Contact tracing 7 31 1 18
Case management 10 35 13 22
Laboratory data management 3 48 7 6

#The sum of yes and no answers for each of the respective functionalities was used as the denominator.
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Table 2. Technical characteristics for 58 mHealth Ebola virus disease tools, 2014-2015.

Technical characteristics Yes, n No, n Unknown, n Yes?, %
Offline capabilities 9 24 25 27
Type of system (open source) 36 21 1 63
Server characteristics 43 15 0 74
Integrated data analytics 22 11 25 67
Data migration 40 18 0 69
Data security system 33 6 19 85
Bidirectional information flow 7 40 11 15

&The sum of yes and no answers for each of the respective characteristics was used as the denominator.

Table 3. Epidemiologica characteristics for 58 mHealth Ebola virus disease tools, 2014-2015.

Epidemiological characteristics Yes, n No, n Unknown,n  Yes® %
Outbreak management unspecified 5 50 3 9
Rumor management 7 31 20 18
National response management 6 43 9 12
Regional response management 8 42 8 16
District response management 8 42 8 16
Systematic evaluation 24 16 18 60
Piloted or deployed 26 16 16 62
Design based on Integrated Disease and Surveillance Response concepts and strategy 3 52 3 5
used for health surveillancein Africa

Design based on preexisting data model s such as Center for Disease Control and Prevention 2 53 3 4
viral hemorrhagic fever caseinvestigation form integrated or Epi Info Viral Hemorrhagic

Fever Application

Health facility notification 27 23 8 54

#The sum of yes and no answers for each of the respective outcomes was used as the denominator.

. . . . None of the 58 tools covered al 4 key functionalities, all 7
Epidemiological Characteristics technical characteristics, and al 10 epidemiological
Table 3 contains the results of the epidemiological characteristics. SORMAS covered 20 functionalities and
characteristics. All 10 epidemiological characteristics were  characteristics, the highest within 1 tool, 1 of its missing
present for 2% (1/58) of the tools, namely SORMAS. characteristics being open source. Table 4 shows a breakdown

of the 58 identified mHealth tools according to the key
functionalities for EVD outbreak management.
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Table 4. Characteristics of the 58 mHealth tools showing the key functionalities for Ebola virus disease outbreak management.

Name of mHealth tool Surveillance Contact tracing Case management Laboratory data management

BioCaster Portal Yes Unknown Yes No

Bio-Sense 2.0 Yes Unknown Yes No

BSVE Yes Unknown Unknown No

CDRs Simulator Unknown Unknown Unknown Unknown

Cell phone messaging technology No No No No

CKAN No No No No

CliniPAK Unknown Unknown Unknown Unknown

Collaborative Overarching Multi-feed Biosurveil-  Yes Unknown Yes No

lance System (COMBS)

CommCare Contact Tracing Yes Yes Yes Yes

Data De-Identification Toolkit Yes Unknown Unknown No

DHIS 2 Yes No No No

Doctor App No No No No

Early Warning systems (EWS) Yes No No No

Sense Ebola Followup Yes Yes Yes Yes

Ebola Spatial Care Path (POCT) Unknown Unknown Unknown Unknown

Ebola Tracks Yes Yes No

EbolaAlert Yes Unknown No No

EIDSS Yes Unknown Unknown No

EpiRobot No No No No

Esoko SM'S app/WhatsApp No No No No

ESSENCE-FL Yes Unknown Unknown No

Facebook No No No No

Flu Caster Yes No No No

Google Analytics No No No No

GPHIN Yes No No No

GSMS No No No Unknown

Hadoop No No No No

Hedlth 2.0 No No No No

Healthmap Yes No No No

HIT No No No No

iPhone app No No No No

LEEDS Yes Unknown Unknown No

mHealth real-time infectious disease interface Yes Yes No Unknown

(contact tracing app)

NNDSS Yes Unknown Yes No

Open DataKit Yes Yes No No

OpenESSENCE Yes Unknown Unknown No

OpenMRS Yes Unknown Unknown No

OpenStreetMap (maapJack) No No No No

PHIN-MS Yes Unknown Unknown No

Polly No No No No

POP (Practice-Oriented Project) on Crowdmap No No No No
http://publichealth.jmir.org/2018/4/e68/ JMIR Public Hedlth Surveill 2018 | val. 4 | iss. 4 |e68 | p.236
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Name of mHealth tool Surveillance Contact tracing Case management Laboratory data management
QGIS No No Yes No
R Yes Unknown Unknown No
RapidSMS No No No No
Response Call Center app Yes No No Unknown
SAGES Yes Unknown Unknown No
Screening expert system (SES) Yes No No No
Sentinel surveillance system (SSS) Yes Unknown Yes No
SMARTech Yes Unknown No No
Smartphone-based contact tracing system Yes Yes No No
SORMAS Yes Yes Yes Yes
SoundCloud No No No No
SWAP (surveillance window app) Yes Unknown Unknown No
Telefénica No No No No
Telemedicine Yes No Yes No
The Minnesota African Task Force Against Ebola No No No No
(MATFAE)
Twitter No No No No
WBDS Yes Unknown Unknown No
Discussion The tools CommCare, Sense Ebola Followup, and SORMAS

Principal Findings

It is surprising that as many as 58 mHealth tools identified in
our search addressed management of EV D (hemorrhagic fever)
during the 2014-2015 outbresk. The vast difference in
functionality indicates that during the wake of the tragic
outbreak and the urgency to stop the outbreak, many initiatives
were started, which aimed and claimed to provide support for
EVD outbreak response. However, only a few appear to have
contained sufficient medical and public health expertise to
actually address the procedural and technical needs. It is,
therefore, needful to carefully assess the respective
specifications and functionalities via a quality control system
before deciding on one tool or another for deployment in such
asituation. Only 3 tools have the overall capability for the key
functionalities of surveillance and outbreak management
(surveillance capability, contact tracing, and case management)
and contain embedded functional requirementsfor datareporting
and analytics through an integrated implementation of the
surveillance guidelines and standards regarding functionality.
Some tools, such as District Health Information System 2, had
the advantage of being widespread in West Africa as a health
management information system [15], yet it was not designed
to manage interventions as needed for infection control and
outbreak response by itself. Such atool should feed information
into every task related to a particular officer and improve each
task assigned to the officer [16]. Ideally, it can be used as a
real-time rumor management system, contact-tracing
management system, case management system, and a
surveillance system. The tool should include disease control
management functionalities[17].

http://publichealth.jmir.org/2018/4/e68/

supported all tasks and functionsinvolving surveillance, contact
tracing, and case management. CommCare and Sense Ebola
Followup were used during the EVD outbreak. SORMAS was
piloted in the field during the EV D outbreak after the epidemic
in Nigeria and is therefore based on a practical EVD outbreak
scenario. Additionally, it contains a function for rumor
management, which was particularly important during the
2014-2015 Ebola outbreak [18]. Sense Ebola Followup was
deployed during the EVD outbreak in Nigeria [19]. Since
outbreaks only occur sporadically, and theinformation processed
during an outbreak is comparableto that handled for surveillance
purposes, it appears necessary to aim for a system that can
function asamonitoring tool aswell asan outbreak management
tool [20]. Another factor that islikely to affect the acceptability
of an mHealth tool isthe independence from a specific provider.
Tools based on open source platforms are more sustainable in
this aspect and can potentially build a dynamic broader
programming community for further developments and
improvements. CommCare and Sense Ebola Followup were
developed on an open source platform [21]. SORMAS was
originaly programmed in platforms proprietary to Systems
Applications and Products [22] but has now been developed on
an open source platform (SORMAS-open) [23].

CommCare Ebola Contact Tracking

The cloud server open source Android app for contact tracking
developed in 2014 was based on the CommCare devel opment
platform, which was designed to support Community Health
Extension Workers acting in Guinea, and it has been promoted
by the United Nations Population Fund, other United Nations
agencies, and the actors involved in the fight against Ebolain
Guinea[21]. CommCare technol ogy was chosen to support the
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implementation of the Government Response Plan against EVD
in order to obtain timely and reliable information as well as
facilitate contact tracing. The Earth Institute at Columbia
University (USA), United Nations Population Fund, and the
Monitoring Cell of the National Coordination Against the Ebola
Virus have promoted the idea. It requires a CommCare account
and the Open Data Kit for Android to be deployed on an
Android phone or tablet [24].

Sense Ebola Followup App

The contact-tracing follow-up electronic health (eHealth) Sense
app was developed in 2014 during the EV D outbreak in Nigeria.
It is a mobile phone app for real-time data capture. The major
technologies used were 2 Android-based apps, the Open Data
Kit and Formhub [24]. Supporting technol ogieswere dashboard
technology and ArcGIS mapping. The contact listing form,
contact follow-up form, laboratory investigation request, and
case investigation forms were created using extensible markup
language and the eHealth Sense Ebola Android app [19]
devel oped for 21-day follow-up. It hasan automatic alert system
for temperature readings =38°C for contacts that were under
follow-up.

Surveillance and Outbreak Response M anagement
and Analysis System

SORMAS s an open source Android and Web app, which was
developed for case management, contact tracing, and
surveillance with an equipped laboratory module for
management of laboratory samples and tests [25]. SORMAS
enables surveillance officers and epidemiologists to detect
diseases based on real-time health facility data. Automatic
notification validates rumors and notifications, and SORMAS
enables decision makers to respond immediately to incoming
information and to take adequate measuresviathe public health
officers. Information about cases and contacts are made readily
available for action, data quality assurance is performed for
decontamination, and isolation tasks can be conducted.

Limitations

Only a fraction of the identified publications was found in
conventional scientific literature databases, such as Medline
and PubMed, all of which were duplicates, but 99% of the
publications were found in Google Scholar. This may indicate
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a major limitation of our approach. The methodology of
systematic reviews, being well established in evidence-based
medicine, may be of limited valuefor health informatics because
it may not be as common practice in the IT field to publish
developments and findings in scientific journals, even less so
in peer-reviewed ones. The urgency by which tools were
developed in response to the EVD outbreak may even have
accentuated this effect. Search criteria imputed to PubMed
displayed only 8 results compared with 965 results in Google
Scholar. An explanation might be that mHealth initiatives born
out of urgent public health needs may not be accompanied by
a systematic process of planning and evaluation and are thus
not likely to be transferred into sustainable continuous
implementation and even lesslikely to be published in scientific
publications once the urgency of the need has diminished.

While it would have been valuable to conduct this review
beyond the application of EVD and hemorrhagic fevers and
beyond 2015, removing these selection criteriafrom the search
strategy would have resulted in an unmanageably large output
with an extremely low positive predictive value. Hence, we
covered mHealth tools developed between 2014 and 2015.
Taking into consideration the fact that we stopped data collection
on December 31, 2015 on atopic that became relevant shortly
before that, the delay in publication may have led to sometools
not being captured in our analysis. There was a limited
appearance of publications in established databases such as
Medline, athough Google Scholar will generate a very
comprehensive, but al so unspecified, output of search strategies
that are not defined in a highly-targeted way, especidly if the
period isincreased beyond 2015.

Conclusion

Among a large number of reported tools developed in the
context of the EV D outbreak response, it appearsthat only 3 of
these tools contain the 3 key functionalities of outbreak
management for EVD (surveillance capability, contact tracing,
and case management) supported by tools developed from
January 2014 to December 2015. These 3 tools, namely
CommCare, Sense Ebola Followup, and SORMAS may serve
as an orientation and reference for further developments of
mHealth tools for infectious disease surveillance and outbreak
management.
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