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Abstract

Background: Direct measures of HIV incidence are needed to assess the population-level impact of prevention programs but
are scarcely available in the subnational epidemic hotspots of sub-Saharan Africa. We created a sentinel HIV incidence cohort
within a community-based program that provided home-based HIV testing to all residents of Namibia's Zambezi region, where
approximately 24% of the adult population was estimated to be living with HIV.

Objective: Theaim of this study wasto estimate HIV incidence, detect correlates of HIV acquisition, and assess the feasibility
of the sentinel, community-based approach to HIV incidence surveillance in a subnational epidemic hotspot.

Methods: Following the program’sinitial home-based testing (December 2014-July 2015), we purposefully selected 10 clusters
of 60 to 70 households each and invited residents who were HIV negative and aged =15 years to participate in the cohort.
Consenting participants completed behavioral interviews and a second HIV test approximately 1 year later (March-September
2016). We used Poisson modelsto calculate HIV incidence rates between baseline and follow-up and multivariable Cox proportional
hazard models to assess the correlates of seroconversion.

Results: Among 1742 HIV-negative participants, 1624 (93.23%) completed follow-up. We observed 26 seroconversions in
1954 person-years (PY) of follow-up, equating to an overall incidence rate of 1.33 per 100 PY (95% CI 0.91-1.95). Among
women, the incidence was 1.55 per 100 PY (95% CI 1.12-2.17) and significantly higher among those aged 15 to 24 years and
residing in rural areas (adjusted hazard ratio [aHR] 4.26, 95% CI 1.39-13.13; P=.01), residing in the Ngweze suburb of Katima
Mulilo city (aHR 2.34, 95% CI 1.25-4.40; P=.01), who had no prior HIV testing in the year before cohort enrollment (aHR 3.38,
95% CI 1.04-10.95; P=.05), and who had engaged in transactional sex (aHR 17.64, 95% CI 2.88-108.14; P=.02). Among men,
HIV incidence was 1.05 per 100 PY (95% CI 0.54-2.31) and significantly higher among those aged 40 to 44 years (aHR 13.04,
95% CI 5.98-28.41; P<.001) and had sought HIV testing outside the study between baseline and follow-up (aHR 8.28, 95% ClI
1.39-49.38; P=.02). No seroconversions occurred among persons with HIV-positive partners on antiretroviral treatment.

http://publichealth.jmir.org/2020/2/e17107/ JMIR Public Health Surveill 2020 | vol. 6 |iss. 2| el7107 | p. 1
(page number not for citation purposes)


mailto:andrew.maher@ucsf.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Maher et a
Conclusions: Nearly three decades into Namibia's generalized HIV epidemic, these are the first estimates of HIV incidence
for its highest prevalence region. By creating a sentinel incidence cohort from the infrastructure of an existing community-based
testing program, we were able to characterize current transmission patterns, corroborate known risk factors for HIV acquisition,
and provide insight into the efficacy of prevention interventions in a subnational epidemic hotspot. This study demonstrates an
efficient and scalable framework for longitudinal HIV incidence surveillance that can be implemented in diverse sentinel sites

and populations.

(JMIR Public Health Surveill 2020;6(2):€17107) doi: 10.2196/17107
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Introduction

Background

Namibia has a generalized epidemic with 237,000 adults
(13.3%) living with HIV [1]. The prevalence varies by
geography, ranging from 7.3% in the Omaheke region to 23.7%
in the Zambezi region [2]. Namibia's epidemic response is
robust. The number of people living with HIV (PLHIV) on
antiretroviral treatment (ART) increased from 10,200 in 2004
[3] to 166,000 in 2016 [4]. By 2022, Namibia seeks to reduce
new HIV infections by 75% through scaling-up evidence-based
interventions such as medica male circumcision, vird
suppression through ART for al PLHIV, and pre-exposure
prophylaxis (PrEP) in high-burden regions [5].

Namibia, like most countries with generalized epidemics, has
limited ability to assess the impact of prevention interventions
and monitor HIV incidence over time. The gold standard for
measuring HIV incidenceisalongitudinal cohort study, which
entails enrolling persons uninfected at baseline and following
them over time with repeated testing to detect acquisition of
infection. Owing to the perceived high cost and logistica
complexity, few surveillance cohort studies have been conducted
around theworld in recent years[6-10]. Alternative approaches
to estimate incidence, including mathematical models [11-13]
and assays for recent infection [14], are available. However,
models depend on assumptions that are difficult to prove, do
not establish causality, and are imprecise at subnational levels.
Assaysfor recent infections have multiple sources of variability,
which necessitate large sample sizesand correction factors[14].

A pragmatic method for tracking HIV incidence may be found
in the sentinel approach to surveillance[15,16], which involves
using data from selected clinics, facilities, or programs. The
program’s clientele, while not necessarily representative of
everyone at risk, is held to reflect changes in the epidemic in
the surrounding population. Community-based HIV testing
programs, now common in many regions of sub-Saharan Africa,
may provide a platform for sentinel incidence surveillance
[17,18]. Home, mobile, workplace, and school-based programs
can increase testing in popul ations, including repeat testing, by
removing socia and logistical barriers associated with testing
at facilities [19-21]. Therefore, the basic infrastructure for
longitudinal sentinel incidence surveillance may aready be
present in certain high-prevalence areas.

http://publichealth.jmir.org/2020/2/e17107/

Objectives

We conducted asentinel HIV incidence cohort study by adding
behavioral measurements and repeated testing to an existing
community-based program offering hometesting in Namibia's
Zambezi region. Our objectiveswereto estimate HIV incidence,
detect new or confirm known risk and preventive factors for
HIV acquisition, and assess the feasibility of the sentinel
approach to HIV incidence surveillance in a subnational
epidemic hotspot.

Methods

Study Setting and Design

The study was a prospective cohort implemented in households
in Namibia's Zambezi region, situated in the northeast bordering
Angola, Botswana, Zambia, and Zimbabwe. Zambezi was
chosen because it has the highest prevalence of HIV in the
country (23.7%) [2]. Additionally, acommunity-based program,
Total Control of the Epidemic (TCE), initiated HIV testing and
case management for residents of all householdsin the Zambezi
region (20,603 people, 2011 Census) in 2014. TCE's
home-based program entailed HIV testing and prevention plans
focusing on abstinence, being faithful to 1 partner, condom use,
medical male circumcision, repeated testing every 6 to 12
months, and referrals to ART with case management for
HIV-positive clients.

TCE mapped al householdsin the Zambezi region and divided
them into 60 programmatic fields, each composed of 6 to 7
geographically contiguous clusters of 60 to 70 households. We
selected 1 cluster from each of the 10 fields to include in the
sentinel incidence cohort. Clusters were purposively selected
to include urban or rural areas of varying distance from the
regional capital (KatimaMulilo). Adjacent clusterswere paired
to form 5 study sites. All households in the sites were eligible
for the study. Cohort activities were integrated into the routine
activities of TCE's program as they worked on these sites. The
cohort aimed to enroll and complete a 1-year follow-up of 1500
persons to obtain reasonably precise HIV incidence estimates
and sufficient power to identify strong correlates of
seroconversion.

Recruitment and Procedures

TCE dtaff approached all households in the sites to offer
home-based HIV testing to all residents from December 2015
to July 2016. Residents were identified by the head of the
household and assigned unique testing codes. GPS coordinates
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were recorded at each household to facilitate household
identification. Residents aged >15 years who received the TCE
program were invited to complete a baseline interview. Clients
who tested negative for HIV were invited to participate in the
cohort.

Data on exposure to prevention interventions (eg, HIV testing
outside the study, ART use in serodiscordant partnerships, and
medical male circumcision), HIV-related risk and preventive
behaviors (eg, multiple partners and transactional sex), and
demographic characteristics (eg, sex, age, and marital status)
were obtained in face-to-face interviews.

Rapid HIV testing was done in the participant’s household by
TCE staff following the national parallel algorithm, including
Alere Determine HIV-1/2 (Abbott Diagnostic Division) and
Uni-Gold Recombigen HIV-1/2 (Trinity Biotech) with
Clearview Complete HIV-1/2 (Inverness Medical) to resolve
discrepant results. Resultsfrom the rapid testing al gorithm were
immediately returned to participants with posttest counseling.

TCE staff collected dried blood spot (DBS) specimens from
participants by finger prick on Whatman 903 filter paper. DBS
were dried and packaged according to the manufacturer’s
instructions and shipped weekly to the National Institute of
Pathol ogy referencelaboratory in Windhoek and stored at —70°C
to —80°C. A fourth-generation enzyme-linked immunosorbent
assay (Vironostika Uniform |1 bioMérieux-Diagnostics) was
used on DBS for quality assurance to confirm every 10th
HIV-negative and all HIV-positive rapid test results at baseline
and follow-up. Quality assurance results were not returned to
the participants. Additional quality assurance was performed
according to national standards, including proficiency panels
for counsel ors throughout the study.

Cohort participants were recontacted approximately 12 months
after enrollment to complete a follow-up interview and HIV
test using the same procedures.

Statistical Analysis

Proportions and 95% Cls were calculated to describe the
characteristics of the cohort. We used baseline interview data
for demographic characteristics, prior testing history, partner’s
HIV status, and male circumcision. We used follow-upinterview
data for variables that may have changed from basdline to
follow-up, including seeking testing for HIV outside of the
study, transactional sex, sex with partners residing outside of
the study sites, condom use, and multiple sex partners. We used
generalized linear model sto assess baseline correlates of cohort
participation and completion of follow-up.

Rates of HIV incidence were calculated as the number of
seroconversions per 100 person-years (PY) of follow-up. PY
was calculated as the number of days between baseline and
follow-up/365 for participants who did not seroconvert and
one-half the number of days between baseline and follow-up/365
for participants who seroconverted, which isacommonly used
technique when the exact date of seroconversion is unknown
[7,22,23]. To account for possible dependence among

http://publichealth.jmir.org/2020/2/e17107/

Maher et d

participantsin the selected field sites, we used thefield variable
to calculate cluster-robust 95% CI for incidence rates [24],
except when a variable's strata contained 1 or no
seroconversions. For these cases, the exact 1- or 2-sided Poisson
Cl was calculated. We used Cox models to assess potential
correlates of HIV seroconversion. Since patterns of
intergenerational heterosexual transmission resulting in ahigher
HIV incidence among young women and older men have been
observed elsewherein sub-Saharan Africa, along with different
risk factors for HIV infection prevailing for men and women
[1,8,9,25], we model ed dataamong men and women separately.
Variables that had zero seroconversions or failed to meet the
proportional hazard assumption were excluded. Variables that
produced P values <.10 in the bivariate models were included
in the initial multivariable models. We used the variance
inflation factor with Stata’s vif command to assess the potential
for multicollinearity of variables [26]. Any variable with a
variance inflation factor greater than 10 was excluded from the
multivariable model. Variables with P<.05 in the final models
were considered significant. The risk of seroconversion was
expressed as adjusted hazard ratios (aHR). The analysis was
performed using Stata version 12.1 (StataCorp).

Ethical Information

Participants gave verbal informed consent at baselineand again
at follow-up. Participants aged 15 to 17 years gave their assent
and were required to have consent from a parent or guardian.
No monetary or material incentives were provided. The study
was approved by the Institutional Review Boards of the Ministry
of Health and Social Servicesin Namibiaand the University of
Cdlifornia, San Francisco. The study was reviewed in
accordance with the Centersfor Disease Control and Prevention
(CDC) human research protection procedures and determined
to beresearch, although CDC investigators did not interact with
human subjects or have accessto i dentifiable data or specimens
for research purposes. All procedures were implemented in
accordance with the ethical standards of the abovementioned
ethics committees and the Helsinki Declaration of 1975, as
revised in 2000.

Results

Participation and Retention

The TCE program offered home-based testing to 1004
households across the 5 sites (Figure 1). Among persons aged
>15 years residing in these households, 72.63% (3261/4490)
received home-based testing, of whom 68.02% (2218/3261)
completed the baseline interview. Among HIV-negative persons
who participated in the baseline interview, 93.2% (1624/1742)
completed the follow-up HIV test and interview. The median
follow-up timewas 433 days (1QR 397-478), which was notably
higher than theintended follow-up time of 365 days. Therewere
no significant differencesin follow-up time by age, sex, or urban
vs rural sites. Women were more likely than men to receive
home-based testing, agree to the baseline interview, and be
retained for follow-up.
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Figure 1. Flow diagram of household listing, receipt of home-based HIV testing, participation in the cohort study and follow-up measurements among
adults age = 15 years in five community-based sites of the Zambezi region of Namibia, 2014-2016.
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Description of Cohort Participants

Demographic characteristics and HIV-related risk behaviors of
the cohort participants who completed the follow-up are shown
in Table 1. Young women aged 15 to 24 years comprised 43.6%
(398/914) of female participants, 25.2% (230/914) lived in the
urban Ngweze site, 65.5% (599/914) had not tested for HIV in
the 12 months before baseline, and 0.9% (8/914) had engaged
in transactional sex in the 12 months before baseline. Key
characteristics among men were 5.9% (42/710) being aged 40
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to 44 years, 11.1% (79/710) seeking HIV testing outside the
study in the year before follow-up (ie, in addition to the testing
provided by the study), and 4.6% (32/710) self-reporting
circumcision before baseline. Among HIV-negative parti cipants
who tested with their partner, 8.6% (40/463) had an
HIV-positive partner, of whom 28% (11/40) were on ART.
Quality assurance through retesting DBS from baseline and
follow-up participants detected no misclassification of
serostatus. All counselors scored 100% on the rapid testing
proficiency panels during the study.
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Table 1. Demographic and behavioral characteristics of HIV-negative participants who completed baseline and follow-up measurements—household

cohort study of adults aged 215 yearsin the Zambezi region of Namibia, 2014 to 2016 (N=1624).

Variable Total, n (%) Women (n=914), n (%) Men (n=710), n (%)
Age (vears)®
15-19 301(1853)  176(19.3) 125 (17.6)
20-24 379(23.34)  222(24.3) 157 (22.1)
25-29 253(15.58) 134 (14.7) 119 (16.8)
30-34 195(12.01) 107 (11.7) 88 (12.4)
35-39 152 (9.36) 69 (7.5) 83 (11.7)
40-44 92 (5.67) 50 (5.5) 42 (5.9)
45-49 63 (3.88) 30(3.3) 33(4.6)
50-64 189 (11.64) 126 (13.8) 63(8.9)
Site?
Ngweze urban 384(23.65)  230(25.2) 154 (21.7)
Mavuluma urban 356 (21.92) 217 (23.7) 139 (19.6)
Bukalo rural 368(22.66)  175(19.1) 193 (27.2)
Ngomarural 201 (12.38) 101 (11.1) 100 (14.1)
Sibbindarural 315(19.40) 191 (20.9) 124 (17.5)
Residence®
Rural 887 (54.62) 468 (51.2) 419 (59.0)
Urban 737 (45.38) 446 (48.8) 291 (41.0)
Age (years) and residence®
15-24, rural 328(20.20) 169 (18.5) 159 (22.4)
15-24, urban 354(21.80) 229 (25.1) 125 (17.6)
225, rural 550 (34.42) 299 (32.7) 260 (36.6)
225, urban 383(2358)  217(23.7) 166 (23.4)
Currently married?® 644 (39.66)  381(41.7) 263 (37.0)
Tested for HIV in the 12 months before enrolIment® 485 (29.80) 315 (34.9) 170(23.9)
Tested with a partner at enrollment® 463 (28.51) 264 (28.9) 199 (28.0)
Had a serodiscordant positive partner (among those tested with apartner at enroll- 40 (8.6) 13(4.9) 27 (13.6)
ment)?
Partner on antiretroviral treatment (among those with serodiscordant positive 11 (27.5) 4(30.8) 7(25.9)
testing partner)P
Circumcised (among men only)? N/AC N/A 32(4.6)
Sought HIV testing outside the study in past 12 months 212 (13.05) 133 (14.6) 79(11.1)
Had sex partner residing outside study areain the past 12 months?d 144 (11.70) 84 (12.4) 60 (10.8)
Engaged in transactional sex in the past 12 months? 44 (2.71) 8(0.9) 36(5.1)
Used a condom at the last sexual encounter® 677(54.82)  381(56.0) 296 (53.3)
Used condoms consistently with all sex partnersin past the 12 months®d 119 (9.64) 58(8.5) 61(11.0)
Had multiple sex partnersin the past 12 months 38(234) 12(13) 26 (3.7)

3Data collected at baseline.

ba mong participants who reported having any sex partners between baseline and follow-up (n=1235, including 680 women and 555 men).
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°N/A: not applicable.
dData collected at follow-up.

Rates of HIV Incidence

There were 26 seroconversions in 1954 PY among the 1624
baseline HIV-negative participants who compl eted thefollow-up
(Table 2), equating to an overall incidence rate of 1.33 per 100
PY (95% CI 0.91-1.95). When pooled across age groups, the
overal incidence was not significantly higher for women (1.55
per 100 PY, 95% CI 1.12-2.17; P=.26) relative to men (1.05
per 100 PY, 95% CI 0.54-2.31). Among women, most
seroconversions occurred in the younger age groups, with 10
out of 17 among women aged 15 to 24 years and 5 among those
aged 15 to 19 years (2.42 per 100 PY, 95% CI 0.97-7.34).
Among men, the incidence was highest among those aged 40
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to 44 years (8.21 per 100 PY, 95% Cl 3.76-21.14). When
participants were grouped into 8 demographic categories by
sex, age (15-24 vs 25 and above), and residence (urban vsrural;
Table 2 and Figure 2), the highest incidence was among rural
adolescent girlsand young women (AGY W) aged 15t0 24 years
(3.59 per 100 PY, 95% CI 1.60-8.69). Rural, older men (>25
years) had the second highest incidence (1.93 per 100 PY, 95%
Cl 0.94-5.01). No seroconversions occurred among men who
self-reported being circumcised at baseline (0 per 100 PY, 97.5%
Cl 0-9.78). No seroconversions occurred among women (O per
100 PY, 97.5% CI 0-80.02) or men (0 per 100 PY, 97.5% ClI
0-45.26) who had an HIV-positive partner on ART.

JMIR Public Health Surveill 2020 | vol. 6 | iss. 2 | 17107 | p. 6
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Maher et d

Table2. HIV incidence per 100 person-years by sex and demographic and behavioral characteristics—household cohort study of adults aged =15 years
in the Zambezi region of Namibia, 2014 to 2016 (N=1624).

Variable Women Men
Incident  Rate per 100 person, Pvalue Incident Rate per 100 person, P value
infections years (Cl)2 infections years (Cl)
Overall 17 1.55 (1.12-2.17) 29 9 1.05 (0.54-2.31) Ref?
Age (years)®
15-19 5 2.42(0.97-7.34) 42 0 0.00 (0.00-2.44) _d
20-24 5 1.88(1.05-3.57) .68 1 0.53(0.01-2.93) Ref
25-29 2 1.23(0.31-8.52) Ref 1 0.69 (0.02-3.87) .80
30-34 4 3.09 (1.68-6.61) 40 2 1.86 (0.50-12.51) 25
35-39 0 0.00 (0.00-4.53) — 1 1.00 (0.03-5.57) 60
40-44 0 0.00 (0.00-6.25) — 4 8.21 (3.76-21.14) <.001
45-49 1 2.89 (0.07-16.10) 61 0 0.00 (0.00-9.23) —
50-64 0 0.00 (0.00-2.34) — 0 0.00 (0.00-4.95) —
Currently married®
No 14 2.20 (1.38-3.49) .03 6 1.12 (0.49-2.87) 79
Yes 3 0.65(0.25-2.21) Ref 3 0.94 (0.38-3.08) Ref
Site®
Ngweze urban 5 1.88 (1.23-3.02) <001 1 0.58 (0.01-3.21) Ref
Mavuluma urban 3 1.17 (0.41-3.86) Ref 2 1.29 (0.16-4.64) 75
Bukalo rural 3 1.47 (0.41-5.40) 36 3 1.31(0.27-3.84) 58
Ngomarural 2 1.59 (1.46-1.76) .005 2 1.61 (1.34-1.96) .34
Sibbindarural 4 1.81(0.75-5.83) 11 1 0.70 (0.02-3.89) 94
Residence®
Rural 9 1.62 (0.99-2.76) 53 6 1.20 (0.51-3.60) 54
Urban 8 1.47 (0.91-2.48) Ref 3 0.85 (0.23-5.36) Ref
Age (years) and residence®
15-24 and rural 7 3.59 (1.60-8.69) .04 0 0.00 (0.00-1.94) —
15-24 and urban 3 1.08 (0.66-1.93) .58 1 0.65 (0.02-3.64) Ref
=25 and rural 2 0.56 (0.14-3.59) Ref 6 1.93 (0.94-5.01) .08
225 and urban 5 1.88(0.83-4.92) 18 2 0.99 (0.31-4.48) 36
Tested for HIV in the 12 months before enrollment®
No 14 1.97 (1.32-2.95) .05 5 0.77 (0.32-2.31) A1
Yes 3 0.78 (0.33-2.41) Ref 4 1.95(1.03-4.24) Ref
Tested with a partner at enrollment®
No 16 2.05 (1.41-2.98) .05 7 1.15 (0.54-2.75) 57
Yes 1 0.30 (0.01-1.69) Ref 2 0.82 (0.22-5.47) Ref
Had a serodiscordant positive partner (among those tested with a partner)®
No 0 0.00 (0.00-1.18) — 1 0.47 (0.01-2.63) Ref
Yes 1 6.82 (0.17-38.01) Ref 1 3.06 (0.08-17.03) .23

Partner on antiretroviral therapy (among those with serodiscordant positive partner)®
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Variable Women Men
Incident  Rate per 100 person, Pvalue Incident Rate per 100 person, P value
infections  yeqrs (Cl1)2 infections  years (Cl)
No 1 9.94 (0.25-55.38) Ref 1 4.07 (0.10-22.68) Ref
Yes 0 0.00 (0.00-80.02) — 0 0.00 (0.00-45.26) —
Circumcised (among men only)°®
No N/AE N/A — 9 1.13 (0.58-2.49) Ref
Yes N/A N/A — 0 0.00 (0.00-9.78) —

Sought testing for HIV outside the study in past 12 months
No 11 1.17 (0.68-2.12) 14 4 0.53 (0.17-2.42) .03
Yes 6 3.72 (1.64-9.27) Ref 5 5.23 (1.99-16.65) Ref

Had a sex partner residing outside of study areain past 12 months'
No 13 1.82(1.31-2.57) 13 4 0.67 (0.30-1.73) .05
Yes 3 2.98 (1.62-6.71) Ref 2 2.79(0.34-10.07) Ref

Engaged in transactional sex in the past 12 months
No 15 1.38 (0.88-2.24) .01 9 1.11 (0.55-2.51) Ref
Yes 2 22.75 (3.79-100) Ref 0 0.00 (0.00-8.52) —

Used a condom at the last sexual encounter®
No 9 2.52 (1.15-5.08) .37 1 0.32(0.08-1.76) 23
Yes 7 1.53(0.84-3.03) Ref 5 1.41 (0.45-7.42) Ref

Used condoms consistently with all sex partnersin the past 12 months’
No 14 1.88 (1.45-2.48) .98 7 1.21 (0.62-2.72) .64
Yes 2 2.82(0.67-20.52) Ref 1 0.87 (0.02-4.60) Ref

Had multiple sex partnersin the past 12 months
No 15 1.38(0.89-2.25) .02 9 1.09 (0.56-2.41) Ref
Yes 2 14.78 (3.81-94.41) Ref 0.00 (0.00-12.07) —

o

Cls are cluster-robust unless there are 1 or O seroconversions, in which case the Cl is Poisson exact. Cl is 2-sided 95% except when there are 0
seroconversions, in which cases Cl is 1-sided 97.5%.

bRef is the reference group for Cox models.

Data collected at baseline.

dp values were not calculated when there were 0 seroconversions.
EN/A: not applicable.

"Data collected at follow-up.
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Figure2. HIV incidence per 100 person-years by age, residence, and sex; household cohort of adults age = 15 yearsin the Zambezi region of Namibia,
2014-2016 (N=1624). Error bars in the figure represent two-sided 95% Cl, except when there were 0 seroconversions, in which case Cl are one-sided

and 97.5%.
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In the multivariable model for women (Table 3), factors
associated with increased risk for seroconversion were AGY W
residing in rural sites vs other women (aHR 4.26, 95% ClI
1.39-13.13; P=.01), residing in the Ngweze urban site vs other
sites (aHR 2.34, 95% Cl 1.25-4.40; P=.01), not testing for HIV
in the 12 months preceding baseline vstesting (aHR 3.38, 95%
Cl 1.04-10.95, P=.05), and engaging in transactional sex vsno

http://publichealth.jmir.org/2020/2/e17107/

RenderX

transactional sex (aHR 17.64, 95% Cl 2.88-108.14; P=.02). In
themultivariable model for men, therisk of seroconversion was
higher among those aged 40 to 44 years relative to other age
groups (aHR 13.04, 95% CI 5.98-28.41; P<.001). Men who
sought HIV testing between baseline and follow-up outside of
the study also had a higher risk for seroconversion than men
who had not sought testing between baseline and follow-up
(aHR 8.28, 95% CI 1.39-49.38; P=.02). No multicollinearity
among the variables in the models was observed.
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Table 3. Correlates of HIV seroconversion among women and men, multivariable Cox proportional hazards models, and household cohort study of
adults aged =15 years in the Zambezi region of Namibia, 2014 to 2016 (N=1624).

Variable Full model, adjusted Pvalue Final model, adjusted P value
hazardsratio (95% Cl)2 hazardsratio (95% Cl)2

Women
15-24 years old and resident of rural site (vs other age and residential ~ 4.17 (1.37-12.65) .01 4.26 (1.39- 13.13) .01
groups)b
Resident of Ngoma rural (vs residents of other sites)® 0.55(0.05-5.70) 62 _¢ —
Resident of Ngweze urban (vs residents of other sites)® 2.13(1.08-4.18) 03 2.34(1.25- 4.40) 01
Not currently married (vs married)® 1.34(0.58-3.07) 49 — —
Not tested with partner at enrollment (vs tested with partner)b 5.95 (0.65-54.3) 13 - -
Not tested for HIV in the 12 months before enrollment (vs tested)” 3.12(0.91-10.68) 07 3.38 (1.04-10.95) 05
Engaged in transactional sex (vs did not engage in transactional sex)?  10-33 (2.48- 42.95) 001 17.64(2.88-108.14) .02
Had multiple sex partnersin the past 12 months (vsdid not have multiple  3.17 (0.58-17.48) 19 — —
partners)d

Men
Age 40-44 years (vs other age groups)® 6.90 (2.75-17.34) <001  13.04(5.98-28.41) <.001
Older and residing in arural site (vs other age and residential groups)b 7.90 (0.65-96.49) 11 - -
Sought testing for HIV outside the study in the past 12 months (vsdid ~ 35.23 (12.40-100.06)  <.001  8.28 (1.39-49.38) .02
not seek testing)®
Had a sex partner residing outside the study area (vsdid not have partner  2.31 (0.68-7.88) .18 — —

outside study area)d

3l Cls are 2-sided 95% and cluster robust.
b Data collected at basdline.

“Variables at P<.10 in the bivariate models (Table 2) were included in the multivariable Cox models. Variables at P>.10 in the full model were removed
for the final model. Variables at P<.05 in the final multivariable models were considered statistically significant.

4Data collected at follow-up.

Discussion

Principal Findings

Our longitudinal, sentinel cohort study reports the first directly
observed measure of HIV incidence in the adult population of
Zambezi, Namibia. Nearly three decades into Namibia's
epidemic, this is the first estimate of incidence for its most
severely affected region. Our measure of 1.33 per 100 PY,
compared with modeled HIV incidence for all Namibia during
this period (0.78 per annum) [1], corroborates that Zambezi is
aregion where higher levels of HIV transmission persist. Our
method, which uses an existing community-based testing
program, is areplicable framework for sentinel HIV incidence
surveillance that can be used in the absence of or supplemental
to data obtained from other methods.

We were able to detect significant correlates of HIV
seroconversion that can be used to understand the extent to
which existing HIV prevention interventions are working and
where additional interventions should be delivered. These
include where to prioritize the deployment and scale-up of
effective biomedical interventions such as enhanced test and
treatment strategies and PrEP. AGYW living in rural areas had
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more than four times the likelihood of acquiring HIV infection
compared with other women. HIV incidence among men was
highest in the 40- to 44-year-old group and among older men
in rural areas. These findings are consistent with a pattern of
intergenerational, heterosexual transmission observed across
sub-Saharan Africa[1,8,9,25], which may be explained by the
early sexual debut in AGYW, harmful gender norms,
transactional sex, and incomedisparitiesin sexual relationships
[25,27]. Thelatter two hypotheses are supported by our study’s
observation that transactional sex was asignificant predictor of
seroconversion, and by the extremely high prevalence observed
among female sex workers in a separate cross-sectional study
in the Zambezi region [28]. We also observed that men who
sought HIV testing outside of the study between baseline and
follow-up were morelikely to seroconvert, suggesting men who
seek frequent testing may be correctly perceiving themselves
to be at elevated risk. The finding stood in contrast to women;
those who did not have a history of atest before baseline were
more likely to seroconvert. Women may be less likely to
perceive their risk of infection (eg, their risk is from their
husbands’ or regular partners’ behaviors), highlighting the need
for home-based, provider-initiated, or other forms of testing to
reach women who do not seek testing on their own. High HIV
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incidence was also observed in the Ngweze urban site. Multiple
caseswithin thissmall neighborhood may suggest that we found
a hotspot of transmission, highlighting the potential yield of
index client partner tracing for case detection. Alternatively,
the high incidence in this neighborhood may be correlated with
another factor, in which case area mobile testing may diagnose
additional cases. Although we observed no seroconversions
among circumcised men and persons whose partners were on
ART, the sample sizes were small, and we were unable to test
for significance in our models. Future applications of this
surveillance method would need to enroll a larger sample to
assess whether the population-level prevention effects of these
biomedical interventions are consistent with those observed in
randomized controlled trials [6,7,29]. In summary, our results
point to specific sexual risk and health-seeking behaviors that
can be prioritized for enhanced behavioral and biomedical
prevention interventions, particularly focusing on the
populationsand areasin the Zambezi region identified as having
a higher incidence.

Comparison With Prior Work

Few recent direct measures of HIV incidence are availablefrom
longitudinal studies elsewhere in sub-Saharan Africa. HIV
incidence was 2.4 per 100 PY (95% Cl 2.00-2.54) in anational
population-based cohort in Eswatini from 2010 to 2011 [8],
0.27 per 100 PY (95% CI 0.18-0.35) in a national
population-based cohort in Rwandafrom 2013 to0 2014 [9], 1.11
per 100 PY (95% CI 0.91-1.31) in aregional population-based
cohort in Gem, western Kenya from 2006 to 2016 [10], and
0.55 per 100 PY (95% CI 0.45-0.66) in astudy in rural Uganda
that measured HIV incidence through home-based testing
campaigns across two roundsin 2006 and 2008 [22]. The only
other longitudinal measure of HIV incidencefrom Namibiawas
2.4 per 100 PY (95% Cl 1.9-2.9) in ahousehold-based study in
Windhoek from 2007 to 2009 [23], a time when few PLHIV
were on ART [1,3]. In an era of working to achieve HIV
epidemic control worldwide, more incidence estimates from
cohorts such as these are needed to assess prevention efforts
and target hotspots of continuing transmission. A longitudinal
sentinel incidence surveillance approach similar to ours can
strike a balance of efficiency and rigor by leveraging existing
HIV testing programsin high-risk areas and popul ations below
the national level.

Strengths and Limitations

Our longitudinal sentinel incidence surveillance study points
to moderately high internal validity (eg, the robustness of
correlates of HIV acquisition within the sentinel population).
Nearly three-fourths (3261/4490, 72.63%) of residents accepted
home-based testing by TCE, of whom 68.02% (2218/3261)
participated in our cohort. Participation was lower than that
observed in the Eswatini (73.8%) [8], western Kenya (82.6%)
[10], Rwanda (98.4%) [9], and Windhoek cohorts (88%) [23].
Nonetheless, our retention rate of 93.23% (1624/1742) was
comparable with or higher than 41.3% in western Kenya [10],
58.0% in Windhoek [23], 64.4% in rural Uganda [22], 91.7%
in Rwanda [9], and 94.4% in Eswatini [8]. Moderate levels of
participation and high levels of retention in our cohort led to an
overall incidence estimate that was reasonably precise (95% CI
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0.91-1.95). However, greater precision and power to detect
differences in incidence between subgroups may have been
possible if more residents had participated in our cohort.

Although our results are encouraging that sentinel surveillance
integrated within existing testing programs can track HIV
incidence and demonstrate prevention impact, we recognize
limitations. First, the sample size and few incident infections
resulted in low precision for HIV incidence in subgroups, low
statistical power to detect smaller effects for HIV acquisition,
and an increased chance that some correlates may be because
of chance. Astheincidenceisdeclining in the current era, larger
sample sizes are needed to measure the impact of prevention
programs. Nonetheless, the sentinel incidence surveillance
approach has two advantages for increasing statistical power:
purposely choosing populations with high HIV incidence and
leveraging programs aready testing large numbers of persons
at risk. If community-based testing programs are already in
place, the sentinel approach can be scaled up to include more
sites with minimal additional resources, forming an integrated
national system similar to antenatal clinic sentinel surveillance
for HIV prevalence [30]. A second limitation is
representativeness, affected by the choice of sites and by lower
participation for some groups, including men, who are
consistently less likely to be tested for HIV than women in
settings across Africa[31]. Our incidence estimates and factor
analyses among men may be biased if those who participated
had different risk profilesthan those who did not. Furthermore,
men in our study were not asked if they had sex with other men.
As such, we were not able to assess behavior among men who
have sex with men (MSM) as a potential correlation of
seroconversion. Other studies have shown a high prevalence
among M SM in Windhoek, but the prevalenceis approximately
equal among MSM and the general population in less densely
populated areas outside the capital [32]. Given that our study
setting more closely resembles those less densely populated
areas, we believe the potential biases of noninclusion or
nonself-identification of MSM in our cohort to be likely low.

By design, we deliberately chose the sentinel popul ation within
the most severely affected region of Namibia and purposively
selected alimited number of clustersfor the sake of efficiency.
Unlikethe studiesin Eswatini [8] and Rwanda[9], our estimates
do not extrapolate to the national level. Unfortunately, data on
the characteristics of clients reached by the TCE program in
nonsampled areas of Zambezi were not available for analysis.
Although we assume that the demographic and risk profiles of
residents in sampled and nonsampled urban and rural areas
across the region are comparable, we were not able to confirm
this assumption and its effect on the generalizability of our
results. Nonetheless, our sentinel approach produced a precise
estimate for a high-priority subnational area. Moreover, the
design and intention of the sentinel surveillance approach are
to select sites that can provide early signals of changes in the
epidemic over person, place, and time. A third limitation isthat
we depended upon having a large-scale, pre-existing
community-based HIV testing program. The TCE program was
funded to test the entire Zambezi population using a
door-to-door home-based approach, presenting an opportunity
to coordinatelongitudinal sentinel incidence surveillance across
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a defined geographic area with minimal additional resources.
The sentinel incidence surveillance approach may require the
identification of other programsthat conduct repeat HIV testing
in defined populations or within consistent catchment areas.
Fourth, participation ratesin the TCE program and cohort leave
room for potential bias with reduced external validity. Finally,
the act of counseling and testing for HIV at baseline and the
anticipation of follow-up testing may reduce risk behavior and
therefore underestimate HIV incidence relative to the
surrounding population.

Conclusions

We tested an efficient method to obtain a directly observed,
longitudinal measure of HIV incidence in a high-prevalence
region of Namibia. Nearly three decades into Namibia's
epidemic, this is the first estimate of the incidence for this
region. With the achievement of itstarget sample, high retention,

Maher et d

and ability to detect correlates of seroconversion, our approach
appears to be a viable community-based surveillance method
that could be replicated in other settings serviced by similar
testing programs. We believe this approach can strike a
reasonable balance between the additional resources required
and the ability to generate direct measures of prevention impact.
AsHIV testing becomes increasingly accessible and frequent,
more opportunities to measure incidence through active and
passive repeat testing will arise. Longitudinal sentinel incidence
surveillance can be integrated into other community-based
programs or facilities conducting high numbers of repeat HIV
tests, such asantenatal and sexually transmitted infection clinics
[16,33,34], and those servicing key populations at high risk for
HIV. The hard-won tools to treat and prevent HIV have placed
epidemic control and elimination within reach. We need to take
every opportunity to demonstrate and ensure that they are
working.
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