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Abstract

Background: The assessment of geographical heterogeneity of HIV among men who have sex with men (MSM) and people
who inject drugs (PWID) can usefully inform targeted HIV prevention and care strategies.

Objective: We aimed to measure HIV seroprevalence and identify hotspots of HIV infection anmong MSM and PWID in Nigeria.

Methods: Weincluded all MSM and PWID accessing HIV testing services across 7 prioritized states (L agos, Nasarawa, Akwa
Ibom, Cross Rivers, Rivers, Benue, and the Federal Capital Territory) in 3 geographic regions (North Central, South South, and
South West) between October 1, 2016, and September 30, 2017. We extracted data from national testing registers, georeferenced
all HIV test results aggregated at the local government arealevel, and calculated HIV seroprevalence. We cal culated and compared
HIV seroprevalence from our study to the 2014 integrated biological and behavioural surveillance survey and used global spatial
autocorrelation and hotspot analysis to highlight patterns of HIV infection and identify areas of significant clustering of HIV
Cases.

Results: MSM and PWID had HIV seroprevalencerates of 12.14% (3209/26,423) and 11.88% (1126/9474), respectively. Global
spatial autocorrelation Moran | statistics revealed a clustered distribution of HIV infection among MSM and PWID with a<5%
and <1% likelihood that this clustered pattern could be due to chance, respectively. Significant clusters of HIV infection
(Getis-Ord-Gi* statistics) confined to the North Central and South South regions were identified among MSM and PWID.
Compared to the 2014 integrated biological and behavioural surveillance survey, our results suggest anincreased HIV seroprevalence
among PWID and a substantial decrease among MSM.

Conclusions: This study identified geographical areas to prioritize for control of HIV infection among MSM and PWID, thus
demonstrating that geographical information system technology isa useful tool to inform public health planning for interventions
targeting epidemic control of HIV infection.

(JMIR Public Health Surveill 2021;7(5):€19587) doi: 10.2196/19587
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Introduction

Geographic variation in HIV seroprevalence has been
demonstrated in many sub-Saharan African countries [1-7].
According to the Nigeria AIDS Indicator and Impact Survey
(NAIIS) 2018, HIV seroprevalence in Nigeria among adults
aged 15-64 years was 1.5% (1.9% among females and 1.1%
among males), ranging from 0.6% in the North West to 3.1%
in the South South zone [8]. The spatial distribution of HIV
infection in key populations (KPs), including in men who have
sex with men (MSM) and people who inject drugs (PWID), is
much less understood. Nigeria has a mixed epidemic, meaning
that while HIV prevalence among the general population is
high, certain groups still carry afar more significant HIV burden
than the rest of the population. Men who have sex with men are
the only group in Nigeriawhere HIV prevalenceis still rising.
In 2017, this group's prevalence stood at 23%, significantly
more than the next highest prevalence group—sex workers—
at 14.4% [9]. Of all new HIV infections in the country, 10%
occur among MSM [10]. HIV prevalence among people who
inject drugs (sometimes referred to as PWID) in Nigeria was
3.4% in 2017 [11]. Women who inject drugs are particularly
affected, with a prevalence of 13.9% compared to 2.6% among
men [9]. Female sex workers who inject drugs face the highest
HIV prevalence at around 43% [9]. According to the 2010
integrated biological and behavioral surveillance survey (IBBSS)
in Nigeria, femaleinjecting drug users had a 7-fold higher HIV
preval ence than male injecting drug users[12].

In, sub-Saharan Africa, MSM are at increased risk for HIV
infection compared to men in the general population [13]. The
HIV epidemic in West Africais mainly heterosexually driven,
but recent data suggest that anal sex plays a significant
independent role in HIV infection [14]. In the 2015 the Joint
United Nations Programme on HIV/AIDS (UNAIDS) report,
studiesin sub-Saharan Africaindicated prevalencerates of HIV
infection ranging from 6% to 37% among MSM [15]. According
to the progress reports on the global AIDS response, the highest
prevalenceratesof HIV infection among M SM were asfollows:
19% in Central and Western Africa, 15% in Southern and
Eastern Africa, 12% in Latin America, 11% in the Asia-Pacific
region, and 8% in Central and Western Europe and North
America [16]. A recent study conducted among MSM across
India reported a relatively high HIV prevalence of 7% [17].
These reports indicate that a substantial number of infections
occur among MSM, many of whom also have sex with women
[18]. Other studies have confirmed that MSM who engage in
transactional sex have an increased HIV preval ence compared
to MSM who do not engage in transactional sex [17,19]. The
variability in HIV prevalence may be attributed to individual,
social, and structura level factors. MSM who engage in
transactional sex may not be responsive to HIV prevention
services designed explicitly for gay-identified MSM. These
men are affected by similar multilevel factors, such as stigma
and discrimination, inability to negotiate condom use, substance
use and misuse, and psychological distress [20]. MSM across
many countries in sub-Saharan Africa face stigma and
discrimination [21]. Stahlman et al's [22] study revealed that
stigmatization as gay and fear of being HIV positive present
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barriersto accessing available voluntary HIV testing, counseling,
and treatment services. In Nigeria, the Same-Sex Marriage
Prohibition law was passed by the Senate in 2011 and was
implemented in January 2014. The new law criminalized
same-sex practices, prohibiting participation in organizations,
service provision, or meetings that support gay people, and
instituting punishments for attempts to enter civil unions or
publicly show same-sex relationships [23].

About one-third of global HIV infections outside sub-Saharan
Africa are related to PWID, who account for a growing
proportion of personsliving with HIV. It isestimated that PWID
are 22 times more likely to acquire HIV than those among the
rest of the population [24]. Thisrisk arisesfrom sharing needles
and injection equipment but is reinforced through
criminalization, marginalization, and poverty. HIV prevalence
among PWID in Nigeria was 3.4% in 2017 [10]. Women who
inject drugs are particularly affected, with aprevalence of 13.9%
compared to 2.6% among men [10]. Seroprevalencerangesfrom
3.4%in Nigeriato 8.5%in SierraLeone[10]. However, Nigeria
has the highest number of PWID in the West African region,
estimated at 45,000in 2017 [10]. A recent study in 2015 among
PWID showed that the estimated HIV prevalence was 18.1%
[25]. HIV seroprevalence among women who inject drugs is
much higher than among men who inject drugs. For example,
in Senegal, the HIV seroprevalence among women and men
who inject drugs is 28% and 7%, respectively [26].

Previous studies, have focused on devel oping statistical models
to predict the seropreval ence of HIV among KPsin sub-Saharan
Africa[27,28]. These modelsincluded multiplerisk factors (eg,
circumcision, distance to road, and condom usage). They have
shown that there can be considerable small-scal e heterogeneity
in HIV seroprevalence and risk behaviors. However, none of
these models have tested whether there is a spatial pattern of
HIV infection among KPs, and the size of the studies has been
limited. In our study, we examined the spatial pattern of HIV
prevalence among MSM and PWID in Nigeria. There is
currently great interest amongt public health planners concerning
whether this geographic variation of HIV could be used to
improve the effectiveness of targeted HIV prevention
interventions by focusing on areas of highest need [29-31]. The
study is divided roughly into 3 phases, each of which coversa
particular study objective. The first phase used an HIV testing
program data to estimate the seroprevalence of HIV between
MSM and PWID, the second phase used geographic information
system techniques to assess the infection pattern and classify
HIV infection hot spots, and the third phase compared the
outcomes of HIV seroprevalence from program data and the
last IBBSS 2014 [32] carried out in Nigeria by the Federal
Ministry of Health.

Therefore, we aimed to quantify the geographic variation of
HIV seroprevalence among MSM and PWID by age and sex
through using georeferenced HIV testing services data
aggregated at the level of local government areas (LGAS). We
planned to detect hot spots and compare HIV seroprevalence
from our study to that of the 2014 IBBSS. We defined HIV
seroprevalence asthe overall occurrence of HIV within adefined
population at a particular time, as measured by blood or
serologic tests. The IBBSS was scheduled to occur every 5
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years, with the last one taking placein 2014. The survey results
served as the primary data source for the national response to
AlIDSamong KPsin Nigeria. Totrack changesin HIV infection
among MSM and PWID in the selected study and survey states,
we compared HIV seroprevalence from our study with HIV
prevalence from the 2014 IBBSS.

Methods

Study Setting and Data Source

Nigeria is organized into 36 federating states and the Federal
Capital Territory, which hosts the national government. The
states are further subdivided into 774 LGAs. The study was
conducted in 93 LGAs spread across 7 prioritized states (Akwa
Ibom, Rivers, Cross Rivers, Benue, Nasarawa, Lagos, and the
Federal Capital Territory) in the 3 geographic regions of North
Central, South South, and the South West. Under the national
KP program, these states were prioritized for prevention and
comprehensive HIV/AIDS treatment interventions due to their
high population density and the high number of people living
with HIV. The national KP program consists of an integrated
HIV prevention and treatment program that identifies
HIV-positive KPsin the community and links them to care and
treatment at the LGA level. The primary source of datafor this
study was the performance HIV testing services data
(disaggregated by fine age bands and sex) obtained from a
Nigerian KP program, the Integrated M ost-At-Risk Populations
HIV/AIDS Prevention Program [33].

HIV Testing Algorithm

HIV testing delivery servicesto KPsin the target communities
adopted a 2-step HIV rapid testing serial agorithm testing
strategy. Fourth generation rapid test kits were used for HIV
testing (Alere DetermineHIV-1/2 Ag/Ab Combo, Alere
Scarborough, Inc). A nonreactive HIV test result after the first
test was considered HIV negative. A reactive result was tested
with a second test. When the result was reactive again, it was
considered HIV positive, and when it was nonreactive, it was
considered HIV negative. All HIV test results were documented
using the national HIV testing and counseling register. Based
on program design and data reporting requirements, the HIV
test results of each KP (MSM and PWID) were aggregated up
by the program level performance indicator, “Number of
individuals who received HIV Testing Services and received
their test result,” and linked to the location or LGA where the
KP was tested.

HIV Testing M odalities for KPs

Thenational HIV/AIDS program providestargeted HIV testing
services to KP and their high-risk contacts. The following
services are provided: index partner or index testing (also
referred to as partner testing or partner notification) in which
exposed contacts of an HIV-positiveindex case are offered HIV
testing; KP testing in mobile or temporary testing locations,
such as community centers, schools, workplaces, hotels, clubs,
tents, and vans; and voluntary counseling and testing, which
includes testing in voluntary counseling and testing centers
outside of ahealth facility (ie, “ one-stop shops’). The one-stop
shop model for KP establishes safe spaces in the communities

https://publichealth.jmir.org/2021/5/€19587

Onovo et a

for HIV prevention and treatment interventions. It integrates
differentiated strategies that optimize efficiency along the
90-90-90 cascade [34]. HIV test results are aggregated by the
KP group and the LGA where the test is conducted. To reduce
double-counting of individuals and to account for retestersin
a reporting period, tracking systems, such as “unique
identifiers’, are established and used to monitor the frequency
of contact or outreach of the KPs over time. A unique ID is
generated and assigned to a KP group before HIV testing
commences, and the results collected are entered into an
electronic database. Data validation is conducted every quarter
by running aquery of al individual-level KPdataon HIV testing
using IDsto determine first-time testers and repeat testers. All
duplicated K P datawithin the reporting period are deduplicated
before data transmission. This is accomplished by
community-level data review and reconciliation exercises
between testing counselors and monitoring and evaluation
officers to ensure that the first-time testers and repeat testers
are adequately tracked. We divided the total number of KPs
who tested HIV positive (numerator: first-time testers +
previously known HIV—positive testers) by the total number of
KPwho received HIV testing services between October 1, 2016,
and September 30, 2017, to measure the HIV prevalence.

The 2014 I ntegr ated Biological Behavioral Sentinel
Survey

The 2014 IBBSS was conducted by the Federal Ministry of
Health through the National AIDS & STIs Control Programme
(NASCP) and other stakeholders and used respondent-driven
sampling, a modified form of snowball sampling to identify
hard to reach populations [32], to select MSM and PWID. The
2014 1BBSS was conducted in 14 states, and only 4 of the 7
statesin our study (ie, Lagos, Rivers, Federal Capital Territory,
and Cross River) had data on seroprevalence for MSM and
PWID recorded in the 2014 IBBSS report. The goal of the
IBBSS is to obtain serological, behavioral, and HIV service
coverage data on key and vulnerable populations. Members of
the communities, nongovernmental organizationsworking with
thetarget populations, and key informantsfor each target group
(recruited as seeds) hel ped identify various locations where the
target groups could be found. Seedswereidentified through the
nongovernmental organizations' networks that historically
provide support and servicesfor MSM and PWID. A list of sites
where the popul ation groups were located, how and when they
can be reached for information and services, and the essential
distinguishing characteristics of these sites were prepared and
used for the 2014 IBBSS. All eligible key and vulnerable
populations were tested for HIV, and results were documented
in survey forms.

Study Population

All MSM and PWID aged =15 years with a documented HIV
test result were included. At the time of analysis and in line
with the Nigeria KP program, HIV testing data were
disaggregated into 4 age categories, 15-19, 20-24, 25-49, and
50+ years. The age classification for the HIV test datawas based
solely on the nature of the KP program. MSM was defined as
self-identification as male and report of oral or anal sex with a
man in the previous 12 months [35]. A PWID was defined as
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an individual meeting one of the following conditions:
self-reporting ever injecting any illicit drug and having avisible
injection site on the body and self-reporting injecting illicit
drugs in the past month [36]. All KP groups were screened
before enrollment by known MSM or PWID recruited as peer
navigators by the national KP program to ensure clients were
members of the target population.

Statistical Analyses

We analyzed aggregate-level data from index testing, mobile,
and voluntary counseling and testing modalities by counting
the number of KPs who received HIV testing services via the
The President's Emergency Plan for AIDS Relief (PEPFAR)
and the Nigerian KP program between October 1, 2016, and
September 30, 2017, at the LGA level. We georeferenced all
MSM and PWID who accessed HIV testing servicesat the LGA
level and performed 4 analyses. First, we constructed maps of
HIV seroprevalence among MSM and PWID. Second, we used
spatial autocorrelation (global Moran 1) statistics to measure
the degree to which HIV seroprevalence was clustered,
dispersed, or randomly distributed. Under the null hypothesis,
the expected value is that there is no pattern of HIV infection
in selected LGAs. Moran | values range from —1 (indicating
perfect dispersion) to 1 (indicating perfect spatia clustering).
Third, we used hots pot analysis in the ArcGIS software
(Environmental Systems Research Institute) to calculate the
Getis-Ord Gi* dtatistic for each LGA. The resultant z score
identified where LGAs with either high or low HIV
seroprevalence cluster spatialy. Each L GA wasanalyzed within
the context of neighboring LGAs: the larger the z score, the
moreintensethe clustering of high seroprevalences or hot spots.
Similarly, smaller z scores indicated clustering of low
seroprevalences. To be a statistically significant hot spot, an
LGA required ahigh HIV seroprevalence and to be surrounded
by other LGAs with high HIV seroprevalence. For the 2 study
groups, the map scale used varied: 1:25,000 was used for MSM
and 1:42,000 for PWID. A resolution of 300 dpi was consistent
throughout the 2 maps. Fourth, our study's calculated HIV
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seropreval ence was compared to the HIV seroprevalence among
MSM and PWID from the 2104 IBBSS. Using Stata 14
(StataCorp) we developed 95% Cls of HIV seroprevalence by
state with the normal approximation. We created dot plots to
compare the distribution of the 2 different HIV seroprevalence
results (study vs IBBSS) between MSM and PWID in Lagos,
Rivers, the Federal Capital Territory, and Cross River.

Ethical Reviews

Thisanalysiswas conducted with routine data gathered through
the national KP program. Informed consent was obtained for
al clientswho were tested for HIV in line with the HIV testing
service policy of Nigeria. Ethical approval was obtained from
the Federal Capital Territory, Hedth Research Ethics
Committee, Nigeria (approval no.
FHREC/2019/01/122/23-12-19). This study only analyzed
anonymized and deidentified data. The 2014 IBBSS received
appropriate ethical clearance from the National Health Research
and Ethics Committee before the commencement of the survey.

Results

Overall HIV Seroprevalence by Age and Sex

Of the 26,423 M SMsand 9474 PWID who received HIV testing
between Octaober 1, 2016, and September 30, 2017, atotal of
3209 MSM and 1126 PWID tested HIV positive for an overall
seroprevalence of 12.1% (95% Cl 9.7-13.1) and 11.8% (95%
Cl 9.312.7), respectively (Table 1). MSM aged 50 years and
older had a considerably higher HIV seroprevalence (43/126,
34.1%,) than those aged 15-19 years (190/2648, 7.17%,).
Middle-aged PWID (25-49 years old) had the highest HIV
seroprevalence (905/6203, 14.58%,) over other PWID age
groups. HIV seroprevalence among female PWID wastwice as
high as that among male PWID (female: 467/2485, 18.79%;
male 659/6989, 9.42%). Female PWID aged 25-49 years had
the highest HIV seropreval ence (345/1399, 24.66%,), whilethe
seroprevalence among male PWID in the same age group was
11.65% (560/4804; Table 1).
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Table 1. HIV Seroprevalence among MSM and PWID by age, sex, and study locationsin Nigeria, September 30, 2017.

State by age No. of individuals tested for HIV No. of individuals who tested HIV SP? (%) among SP (%) among  SP (%) among
group positive MSM male PWID female PWID
(N=26423) (n=6989) (n=2485)
MSmP PWIDS MSM PWID
(n=26,423) Mae Female (n=5209 Mae Female
(n=6989)  (n=2485) (n=659)  (n=467)
Akwa |bom State
15-19y 227 75 29 25 2 3 11.0 2.7 10.3
20-24y 1134 281 82 53 13 20 4.7 4.6 244
25-49y 2242 1033 188 490 159 66 21.9 15.4 35.1
50+y 32 13 3 13 4 2 40.6 30.8 66.7
Benue State
15-19y 264 42 14 16 6 3 6.1 14.3 214
20-24y 1093 251 66 70 10 10 6.4 4.0 15.2
2549y 1117 875 117 282 85 40 25.2 9.7 34.2
50+y 4 31 5 4 6 1 100.0 194 20.0
CrossRiver State
15-19y 327 100 64 30 3 11 9.2 3.0 17.2
20-24y 1495 358 176 145 11 27 9.7 31 15.3
25-49y 2193 946 344 349 149 122 159 15.8 355
50+y 31 9 1 11 4 0 355 44.4 0.0
Federal Capital Territory
15-19y 753 28 41 21 0 0 2.8 0.0 0.0
20-24y 2401 318 280 154 6 19 6.4 1.9 6.8
2549y 2332 677 293 243 24 26 104 35 8.9
50+y 10 2 1 5 1 1 50.0 50.0 100.0
L agos State
15-19y 496 6 23 34 0 5 6.9 0.0 217
20-24y 1375 44 76 167 2 5 121 45 6.6
25-49y 731 278 219 99 4 26 135 14 11.9
50+y 10 96 23 2 1 1 20.0 10 4.3
Nasar awa State
15-19y 227 51 21 7 1 1 31 20 4.8
20-24y 1294 369 181 97 8 13 7.5 22 7.2
25-49y 1193 668 238 153 68 65 12.8 10.2 27.3
50+y 6 3 0 2 1 0 333 333 _d
Rivers State
15-19y 354 7 0 57 2 0 16.1 28.6 —
20-24y 1929 88 0 268 15 0 139 17.0 —
25-49y 3120 327 0 406 71 0 13.0 217 —
50+y 33 13 0 6 3 0 18.2 231 —
Overall
15-19y 2648 309 192 190 14 23 7.2 45 12.0
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State by age No. of individuals tested for HIV No. of individualswho tested HIV ~ gpa (%) among SP (%) among  SP(%) among
group positive MSM male PWID female PWID
(n=26423) (n=6989) (n=2485)
MSMmP PWIDC MSM PWID
= (n=3209)
(n=26,423) Male Female Male Female
(n=6989)  (n=2485) (n=659)  (n=467)
20-24y 10,721 1709 861 954 65 94 8.9 3.8 10.9
25-49y 12,928 4804 1399 2022 560 345 15.6 11.7 24.7
50+y 126 167 33 43 20 5 341 12.0 15.2
Total 26,423 6989 2485 3209 659 467 12.1 9.4 18.8

85p: seroprevalence.

BMSM: men who have sex with men.
°PWID: people who inject drugs.
dData not available.

HIV Seroprevalenceby State: Comparison to Previous
Surveys

Figure 1 shows the mean HIV seroprevalence for the various
states. Among MSM in al states, the mean HIV seroprevalence
in the Federal Capital Territory was the highest (14.6%; 95%
Cl 3.4-25.9), followed by Lagos (14.4%; 95% CI 10.6-18.2),
and Akwa Ibom state (13.6%; 95% CI 10.2-16.9). Mean HIV
seroprevalence was lowest in Nasarawa (9.1%; 95% CI
1.0-14.9). Similarly, among PWID, mean HIV seroprevalence
in the Federal Capital Territory was the highest (16.0%; 95%

Cl 7.5-24.5), followed by Lagos (14.4%; 95% Cl 9.5-19.3). The
mean seroprevalence in Cross River was 12.3% (95% ClI
7.7-16.9), while that among PWID was the lowest in Benue
(6.6%; 95% CIl 0.6-12.7; Figure 1). Figure 2 shows HIV
seroprevalence for the various states compared to previous
estimatesfrom the 2014 IBBSS. Findingsfrom the 2014 IBBSS
have demonstrated that HIV seroprevalence increased among
MSM: from 13.5% in 2007 to 17.2% in 2010 to 23.0% in 2014.
Simultaneously, the seroprevalence among PWID decreased
from 5.6% in 2007 to 4.2% in 2010 to 3.4% in 2014.

Figure 1. HIV seroprevalence among MSM and PWID by state, September 30, 2017. Mean HIV seroprevalence with 95% Cls. FCT: Federal Capital
Territory; MSM: men who have sex with men; PWID: people who inject drugs.
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Figure2. Comparison of HIV seroprevalence from the study to that in the 2014 IBBSS. The black circlesand black trianglesrepresent HIV seroprevalence
among MSM as seen in our analysis and the 2014 IBBSS, respectively. The grey circles and grey triangles represent the PWID HIV seroprevalence as
seen in our study and the 2014 IBBSS, respectively. FCT: Federal Capital Territory; IBSS: integrated biological and behavioural surveillance survey:

MSM: men who have sex with men; PWID: people who inject drugs.
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Variability of HIV Seroprevalence Within Different
States

Theinterpolated HIV seroprevalence map reveal sthe geospatial
distribution of HIV seroprevalence among MSM (Figure 3a,
top panel) and PWID (Figure 3b, bottom panel) within various
states. Seroprevalence in MSM was higher than in PWID.
Large-scale spatia patterns are apparent, and they are more
distinct for MSM than for PWID. Among MSM in Benue state,
a high seroprevalence (>13%) was evident in the Logo
community, while in the Gwer East and Vandeikya LGAS, the
seroprevalence was bel ow 10% (Figure 4a). HIV seroprevalence
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among MSM in Rivers state was the highest in the Asari-Toru,
Emohua, Ahoada East, Ahoada West, and Abua/Odual LGAS
(Figure 4b). Similarly, HIV seroprevalence wasrel atively higher
in Riversamong PWID who live outside the mapped urban area
settlements in Ahoada East, Ahoada West, Emohua,
Abua/Odual, and Bonny (Figure 4c). Notably, in Rivers state,
high HIV seroprevalence among MSM was recorded in large
urban area settlementsin the Asari-Toru L GA. Seroprevalence
in Cross River among PWID was highest in urban area
settlements in the northern region of the Obubra LGA (Figure
4d).
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Figure 3. Map of Nigeria showing the interpolated areas with high and low HIV seroprevalence on from October 1, 2016, to September 30, 2017,
among men who have sex with men (&) and people who inject drugs (b). Seroprevalence >13% is shown in red, and seroprevalence <4% is shown in

green.
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Figure 4. State level map of Nigeria showing urban locations and interpolated areas with high and low HIV seroprevalence by local government area
among men who have sex with men (a- Benue; b: Rivers), and people who inject drugs (c: Rivers; d: Cross River). Seroprevalence >13% is shown in

red, and seroprevalence <4% is shown in green.
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Comparison of Program Data and the IBBSS 2014

Clear state differencesin HIV seroprevalence between the 2014
IBBSS and our program datawere observed for MSM in Lagos
(41.3% vs 11.6%), Rivers (40.7% vs 13.6%), and the Federal
Capital Territory (30.1% vs 7.7%). Seroprevalence from
program datawas higher than the seropreval ence from the 2014
IBBSSfor MSM inthe Cross River state (13.2% versus 11.3%).
Seroprevalence among PWID was higher in our program data
compared to the 2014 IBBSS data in Lagos (5.8% vs 2.5%],
Rivers (20.9% vs 0.9%), and Cross River (16.4% vs 5.8%).

Detection of Spatial Patternsand Hot Spots of HIV
Seroprevalence

The global spatial autocorrelation Moran | statistics confirmed
the clustered distribution of HIV seroprevalence among MSM
and PWID. Wefound more significant clustering among PWID
(z score=4.03; P<.001) compared to MSM (z score=2.29;
P<.02). Getis-Ord-Gi* statistics indicated significant clusters
of HIV infection among MSM and PWID (Multimedia
Appendix 1) that were confined to LGAs in the North Central
(AbujaMunicipal Area Council, Bwari, Karu, Keffi, and Gwer
East) and South South (Calabar Municipal, Calabar South,
Degema, Odukpani, and Akpabuyo) regions of the country.
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Discussion

Principal Results

Our study shows a substantial geographic variation in the HIV
seroprevalence of both MSM and PWID throughout the study
areas. Similarly, mounting evidence suggests a large
geographical variationin the sub-Saharan AfricaHIV epidemic
[37,38]. Although dataon MSM in Eastern and Southern Africa
are limited, HIV seroprevalence ranges from 2% in Angolato
31% in Zimbabwe [39]. The UNAIDS 2019 report suggests
condom use by MSM exceeded 70% in South Africa, Kenya,
and Rwanda, and was above 50% in Angola, Comoros, Eswatini,
Madagascar, and Mauritius. Lesotho, Malawi, and Tanzania
reported level s bel ow 50% at 46%, 44%, and 14%, respectively
[39]. Overal, around 1 in 5 (20%) MSM in the region are
estimated to be living with HIV [36]. Evidence suggests the
majority of theregion’sM SM engagein heterosexual sex, often
with wives or other long-term female partners [39]. The HIV
epidemic among MSM isthereforeinterlaced with the epidemic
in the wider population [40]. Kenya, Madagascar, Mauritius,
Mozambique, South Africa, Tanzania, and Ugandaareall home
to PWID populations. Overdl, just under athird (30%) of people
who inject drugsin these regions are believed to have HIV, and
the proportion of new HIV infections arising from injection
drug usersis estimated to be as high as 75% to 80% percent in
Eastern European countries and some areas of South and
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Southeast Asia[41]. According to previous study, the majority
of PWID in Kenya (89%) reported injecting in groups, and
nearly a quarter (27.6%) of those who reported distributive
syringe sharing (sharing used syringes with others) reported
being infected with HIV [41]. In Tanzania, it is estimated that
15.5% of PWID are living with HIV, with HIV prevalence
among women who inject drugs thought to be higher than among
their male counterparts [42]. Between 85% to 96% of female
PWID engagein transactional sex, and half of those working
in transactional sex reported they had never used a condom in
the previous 30 days, although just 23% said they still used
condoms|[43]. 1n 2018, an estimated 21.8% of peoplewho inject
drugs in South Africa lived with HIV [10]. A 2015 study in 5
South African citiesfound 32% of men and 26% of women who
inject drugs regularly shared syringes and other injecting
equipment, and nearly half reused needles [44]. Evidence from
Kenya, Mauritius, Seychelles, and Tanzania suggests many
PWID acquire HIV before the age of 25 years [26]. The
interpolated mapsin our analysisidentified significant clustered
patterns of the spatial distribution of HIV seroprevalence in
Nigeriathat would have been missed using macro-level national
data. Spatia clustering of HIV seroprevalence, as shownin our
study, can be due to geographic mobility trends, high rates of
risky injection and sexual behaviors, and stigma and
discrimination. Studies have consistently linked residential
instability with high-risk behaviors (eg, syringe sharing and
exchanging sex for drugs or money) and HIV infection
[45]. Overall, HIV seroprevalence in our study ranged from
9.6% to 13.1% among MSM and from 9.3% to 12.7% among
PWID. Seropreval ence was disproportionately distributed across
the states. The median seroprevalence of 20.0% (95% CI
1.0-24.0) and 19.0% (95% Cl 2.2-23.0) for MSM and PWID,
respectively, in the Federal Capital Territory, and 18.5% (95%
Cl 3.0-23.0) for PWID in Lagos shows a concentrated epidemic
among these KPsin Nigeria. Surveillance data have shown that
women carry the highest burden of HIV on the African
continent, with national-level statistics reporting that women
have a higher HIV seroprevalence and incidence than men.
These reports are substantiated by findings from our study,
which showed that HIV seroprevalence among female PWID
was twice as high as that in male PWID (femae: 467/2485,
18.79%; male 659/6989, 9.42%).

Our study shows that, relative to the other age groups, MSM
aged 50 years and older have higher HIV seroprevalencein all
study areas. Our observation is consistent with previous studies
suggesting a steady increasein the number of peopleliving with
HIV who are 50 years of age and older [46]. A study from
Zimbabwe found that more than half of the adultsaged 50 years
and older included in the analysis had seroconverted after their
50th birthday [47]. Household survey resultsindicate that people
50 years of age and above are less likely than younger people
15-49 years old to have ever been tested for HIV [42]. In
comparison, older persons were found to be less likely to use
condoms during the most recent intercourse [48]. In our study,
HIV seroprevalence among female PWID wastwice as high as
that in male PWID, with female PWID having higher HIV
seroprevalence across all age groups. Data disaggregated by
sex from PWID show considerable geographic variationin HIV
prevalence among women who inject drugs (seroprevalence
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range 0%-65%) [49]. In Tanzania, 55% of young women (aged
17-25 years) who injected drugs were HIV positive compared
with 12% of young men who injected drugs [50]. In a review
of sex differences in settings in which HIV seroprevalence
among PWID is greater than 20%, women who inject drugs
were more likely than their male counterparts to be living with
HIV infection (pooled oddsratio 1.18; 95% CI 1.10-1.26) [51].
These findings indicate that the considerable heterogeneity in
HIV seroprevalence between and within the study states may
be clarified by sex and age-specific behaviors or characteristics.

Among MSM, the substantial decrease in HIV seroprevalence
observed in our study data compared to the IBBSS 2014 could
be attributed to better surveillance [52] and effectiveness of
HIV interventionsin the study states over 4 years. The minimum
comprehensive package of HIV interventions implemented in
these states and targeted at the general population and key
population groups included community and facility testing for
HIV, linkage of HIV-positive individuals to antiretroviral
treatment, and HIV treatment retention to improve vira
suppression. The findings from our study are substantiated by
reports from the NAIIS 2018, which showed a national HIV
seroprevalence in Nigeria of 1.4% among adults aged 15-49
years compared to previous nationa seroprevalence estimates
of 3.4% from the 2012 National HIV & AIDS and Reproductive
Health Survey. The NAIIS also showed that Nigeria had
demonstrated steady progress on increasing accessto treatment
for people living with HIV, adopting a test and treat policy in
2016. Among PWID, our results indicated a higher
seroprevalence compared to the 2014 IBBSS. The
disproportionately high seroprevalence among PWID in our
study compared to the 2014 IBBSS could be linked to the HIV
infection distribution pattern among PWID that suggests
overlapping risk groups with multiple transmission routes. For
example, some PWID are sex workers, buy or trade drugs for
sex, or are MSM, and may acquire HIV through sexual and
injecting routes[53]. The differences between the program data
and the IBBSSin HIV seroprevalence estimates may be dueto
differences in the sample size and HIV testing strategies. The
differences in the proportion of the KPs tested for HIV by the
state in the IBBSS suggests low participation in the survey
mainly attributable to fear of stigmaand criminalization by the
Same-Sex Marriage Prohibition Act and discrimination against
KPs. Although the IBBSS is implemented by the Federa
Ministry of Health through NASCP, the national KP program
is implemented by nongovernmental organizations through
technical, logistics, and funding support from PEPFAR and
bilateral development agencies (ie, United States Agency for
International Development [USAID], Centers for Disease
Control and Prevention, and the Department of Defense). The
program provides all KP types with differentiated HIV testing
and treatment services in a friendly and safe space at the
community level. KP are extremely mobile [54], but they are
more likely to participatein the program because of their regular
involvement and consi stent engagement with program personnel,
i.e., program staff who are KP, and are hired as peer-outreach
staff and HIV assessment counselors.

Recent studies outside sub-Saharan Africa have established a
high seroprevalence of HIV among overlapping high-risk
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populations such as PWID, MSM, and female sex workers.
There are multiple transmission routes. Epidemiological studies
from 2003 to 2015 in Tijuana, Mexico, reported a pooled HIV
seroprevalence of 3.4% among male PWID, but 8% among
male PWID who have sex with men, and 5% among male PWID
who are clients of female sex workers [51]. Similarly, pooled
studies from 2003 to 2015 reported a 5% HIV seroprevalence
among female sex workers, indicating arise from 6.7% among
female PWID and 7.3% among female sex workers who inject
drugs[51]. The 2018 National Survey on Drug Use and Health
in Nigeriareported that PWID constitutes asizeable proportion
of high-risk drug usersin Nigeria, with 1 in 5 high-risk drug
usersinjecting drugs [55]. The most common drugsinjected in
the past year were pharmaceutical opioids, followed by cocaine
and heroin. Women who injected drugs were more likely than
men to engage in high-risk sexua behaviors, further
compounding their risk for acquiring HIV, among other
infections [55]. These results corroborate findings from our
study that showed ahigher seroprevalence of HIV among female
PWID than among male PWID.

Limitations

A fundamental limitation of our study wasthat criminalization
through the Same-Sex Marriage Prohibition Act and
discrimination against KPs has driven several KPsunderground,
limiting the study's overall representation. Consequently,
continued discrimination and criminalization of KPs impede
access to health services and willingness to participate in
surveys. In 2014, the Nigerian government increased the
punishment for homosexuality to 14 yearsin jail. Anyone who
assists homosexual couples may face up to 10 yearsin prison
[56]. Mass arrests of suspected gay men in Nigeria have
followed. For example, in July 2017, the police arrested 40 men
at aprivate house party [57]. Laws criminalizing homosexuality
such asthese have pushed MSM into hiding, making them more
vulnerable to HIV [58].

At thetime of analysis, and inlinewith the NigeriaKP program,
HIV testing datawas disaggregated into 4 age categories, 15-19,
20-24, 25-49, and 50+ years. The agerange for HIV test results
was based purely on the nature of the program, and thusthe age
range of 25-49 years could not be broken down into broader
age categories, which might have influenced the variability of
HIV seroprevalencein that age group between MSM and PWID.
Given the length of the HIV testing data period (between
October 2016 and September 2017), the anaysis findings
provide valid benchmark evidencefor potential program reviews
evaluating improvementsin the adoption of HIV testing services
and tracking practices relevant to the study of HIV
seroprevalence variability among KPs. Program data used for
this analysis were collected at an aggregate level and did not
include individual or patient-level socioeconomic and clinical
characteristics of the study population that might have provided
further insightsinto the variation of HIV seropositivity. Due to
the unavailability of individual-level data, spatial regression
analysis could not be conducted.

Conseguently, the unavailability of theindividual-level variables
might have influenced the spatial analysis results, but the study
identified significant subnational clusters of HIV infection that
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can be prioritized for tailored HIV prevention and treatment
interventions. ldentifying areas where the burden of HIV
infection is concentrated might play a key role in identifying
populations at higher risk of infection. Despite our study method
of recruiting MSM and PWID for HIV testing being the same
asthat for the 2014 IBBSS, sample size variations might have
influenced findings. Our study analyzed 89% of MSM and 84%
of PWID compared with the 2014 IBBSS.

Future Work

Further studies are recommended to determine the immediate
effect of this prohibitive act on stigma, discrimination, and
engagement among MSM in HIV prevention and treatment
servicesin Nigeria. We suggest more studiesto exploretherisk
factors associated with spatial clustering of HIV infection
between MSM and PWID.

Optimizing the Impact of the KP Program

The large sample of KP data collected and used in our study
compared to other previous studies can be attributed to the peer
outreach model. Inthismodel, KPs aretrained as peer-outreach
workersto increase demand for tailored HIV services, improve
the quality of behavior change communication, and increase
access to HIV testing services—the starting point of the KP
cascade—via social networks. This approach yielded veritable
insights on the KP groups at the LGA level and offersaunique
opportunity to estimate national and subnational key population
size by scaling up the peer outreach method for data collection
inHIV programming. Asreflected in our study, thelarge sample
of MSM and PWID data indicates that KPs can be effectively
mobilized for HIV testing and treatment despitethelegal, policy,
and socia barriers. Based on the 2018 national KP size
estimation carried out by NASCP [59], the total KP in Nigeria
is estimated to be 720,000. About three-quarters (69%) of the
KP have been tested for HIV under the KP program. In our
program, KP’'shigh coveragein HIV testing offersan additional
viewpoint on the access and uptake of HIV testing services at
the community levels. We acknowl edge that while a significant
proportion of KPs living with HIV have been tested for HIV
by the national program, the study sample might not be
representative, as our study did not compare KP characteristics
included or not included in the national program. In our study,
this was another limitation.

Two studies in Uganda confirmed that program data routinely
collected from the prevention of mother - to - child transmission
programs can be used to monitor HIV prevalencetrends[60,61].
Nigeria has a mixed epidemic, and HIV prevalence is
disproportionality distributed among KPs. Aswe must wait for
every 5-yearsto conduct an IBBSS, which depends entirely on
the availability of funds, it is imperative to ensure frequent
measurements to monitor changesin new HIV infections. The
use of routine program data from groups with high-risk
behaviorslike MSM and PWID can help monitor trendsin HIV
seroprevalence at the community level. Identification of high
HIV prevalence regions using routine program data can guide
timely program management decisions on potential locations
to scale up antiretroviral treatment interventions (the era of test
and treat). Across several sub-Saharan Africa countries
(including Nigeria), UNAIDS currently uses routine program
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data in Spectrum Software to estimate the national HIV
prevalence and people living with HIV burden. The Spectrum
package uses the HIV prevalence over time from routine
program data or survey data together with demographic
information and epidemiological assumptions to model
age-specific HIV prevalence, incidence and mortality rates, and
the total number of people living with HIV [62].

Conclusions

To our knowledge, this study represents the most extensive
investigation on HIV seroprevalence among KPsin Sub-Saharan
Africa. We showed that there is significant clustering and
subnational variation in HIV seroprevalence among MSM and
PWID. The geographical variations in HIV seroprevalence
revedled by our anaysis mean that HIV infection is
disproportionately spread across Nigeria and confined to a
particular region. Toinform HIV prevention and care strategies
in the more generalized HIV epidemics across sub-Saharan
Africa, including in Nigeria, epidemiological assessment of the
geographical heterogeneity of HIV among MSM and PWID is
essential. Our results suggest that HIV seroprevalence among
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middle-aged adult female PWID is disproportionately greater
than among male PWID. PWID could transmit their HIV
infection to their sexual contacts and injecting partners, which
inturn may lead to the spread of HIV to the general population,
particularly in the context of transactional sex. Interventions
that significantly focus on women and their sexual and injecting
partners are essential to address these high HIV acquisitions
and transmission risks among KPs, particularly PWID. The
substantial decrease in HIV seroprevalence among MSM as
observed in our study data compared to the 2014 IBBSS
suggests improvements in the national HIV prevention and
treatment programs over the past 4 years. Understanding
heterogeneity in mixing patterns among KPs in concentrated
HIV epidemics may help in designing more effective
interventions. We recommend the use of routine HIV testing
service program data for the implementation of HIV infection
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for statistical modelsthat estimate the national and subnational
burden and incidence of HIV using estimation and projections
tools.

Data used for this study were collected from the KP program in Nigeria through PEPFAR/USAID. OK was supported by a
professorship grant from the Swiss National Science Foundation (grant no. 163878) and a Swiss National Foundation project
grant (320030_192452). We thank the staff of Heartland Alliance Nigeria for their contribution to data collection and data
transmission from program implementation states. We thank Ben Spycher for comments on an earlier version of this manuscript.
We thank Sara Blough for proofreading the manuscript and providing English editing services.

Authors Contributions

AAOQ conceived of the study, including design and method. He was the principal contributor in the data management, performed
the data analysis, and wrote the draft of the manuscript. OK performed critical reviews of the first and fina version of the
manuscript and provided input into the study and manuscript. AK, MK, UR, and OO provided reviews and feedback at the abstract
phase. AJ reviewed and provided input on the final version of the manuscript. All authors approved the final version of the
manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Hot spot analysis (Getis-Ord-Gi*) of HIV infection distribution among men who have sex with men (a. left) and people who
inject drugs (b. right).

[PDE File (Adobe PDF File), 50 KB-Multimedia Appendix 1]

References

1.  Tanser F, Barnighausen T, Cooke GS, Newell M. Localized spatia clustering of HIV infectionsin awidely disseminated
rural South African epidemic. International Journal of Epidemiology 2009 Mar 04;38(4):1008-1016. [doi: 10.1093/ije/dyp148]

2. Smith AD, Tapsoba P, Peshu N, Sanders EJ, Jaffe HW. Men who have sex with men and HIV/AIDS in sub-Saharan Africa
Lancet 2009 Aug 01;374(9687):416-422. [doi: 10.1016/S0140-6736(09)61118-1] [Medline: 1961684Q]

3.  Tanser F, de Oliveira T, Maheu-Giroux M, Bérnighausen T. Concentrated HIV subepidemicsin generalized epidemic
settings. Curr Opin HIV AIDS 2014 Mar;9(2):115-125 [FREE Full text] [doi: 10.1097/COH.0000000000000034] [Medline:
24356328]

4. Wand H, Ramjee G. Targeting the hotspots: investigating spatial and demographic variationsin HIV infection in small
communitiesin South Africa. JInt AIDS Soc 2010 Oct 27;13:41 [FREE Full text] [doi: 10.1186/1758-2652-13-41] [Medline:
20979651]

5. Chimoyi LA, Musenge E. Spatial analysis of factors associated with HIV infection among young peoplein Uganda, 2011.
BMC Public Health 2014 Jun 05;14:555 [FREE Full text] [doi: 10.1186/1471-2458-14-555] [Medline: 24898872]

https://publichealth.jmir.org/2021/5/e19587 JMIR Public Health Surveill 2021 | vol. 7 | iss. 5| 19587 | p. 12

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=publichealth_v7i5e19587_app1.pdf&filename=1e65e65925962c7bee5e7fc0a8b273d1.pdf
https://jmir.org/api/download?alt_name=publichealth_v7i5e19587_app1.pdf&filename=1e65e65925962c7bee5e7fc0a8b273d1.pdf
http://dx.doi.org/10.1093/ije/dyp148
http://dx.doi.org/10.1016/S0140-6736(09)61118-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19616840&dopt=Abstract
http://europepmc.org/abstract/MED/24356328
http://dx.doi.org/10.1097/COH.0000000000000034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24356328&dopt=Abstract
https://jiasociety.biomedcentral.com/articles/10.1186/1758-2652-13-41
http://dx.doi.org/10.1186/1758-2652-13-41
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20979651&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-555
http://dx.doi.org/10.1186/1471-2458-14-555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24898872&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Onovo et &

6. Local epidemic issues brief. UNAIDS. 2014. URL: https.//www.unaids.org/sites/default/filessmedia_asset/
JC2559 local-epidemics _en.pdf [accessed 2021-05-01]

7.  Subnational Estimates Working Group of the HIV Maodelling Consortium. Evaluation of geospatial methods to generate
subnational HIV prevalence estimates for local level planning. AIDS 2016 Jun 01;30(9):1467-1474 [FREE Full text] [doi:
10.1097/QA D.0000000000001075] [Medline: 26919737]

8.  Nigeria2018 HIV/AIDS indicator and impact survey. NAIIS. URL: naiis.ng/ [accessed 2021-05-01]

9. NACA. Nationa strategic framework on HIVV and AIDS 2017-2021. National Agency for the Control of Aids. URL: https:/
[naca.gov.ng/2013-national -hiv-validated-data-2-2/ [accessed 2021-05-01]

10. AIDSinfo. UNAIDS. URL: http://aidsinfo.unaids.org/ [accessed 2021-05-01]

11. HIV and AIDSin Nigeria. Avert. URL: www.avert.org/professional s/hiv-around-worl d/sub-saharan-africa/nigeria[accessed
2021-05-01]

12.  UNAIDS. HIV integrated biological and behavioural surveillance survey 2010. Federal Ministry of Health; Abuja, Nigeria.
URL: https://naca.gov.ng/wp-content/upl oads/2016/11/IBBSS-2010.pdf [accessed 2021-05-01]

13. Hessou PHS, Glele-Ahanhanzo Y, Adekpedjou R, Ahouada C, Johnson RC, Boko M, et a. Comparison of the prevalence
rates of HIV infection between men who have sex with men (MSM) and men in the general population in sub-Saharan
Africa: asystematic review and meta-analysis. BMC Public Health 2019 Dec 04;19(1):1634 [FREE Full text] [doi:
10.1186/s12889-019-8000-x] [Medline: 31801503]

14. NigeriaGARPR 2015. National Agency for the Control of Aids. URL: https://naca.gov.ng/nigeria_garpr_2015 report/
[accessed 2021-05-01]

15. Hessou PHS, Glele-Ahanhanzo Y, Adekpedjou R, Ahouada C, Johnson RC, Boko M, et a. Comparison of the prevalence
rates of HIV infection between men who have sex with men (MSM) and men in the general population in sub-Saharan
Africa: asystematic review and meta-analysis. BMC Public Health 2019 Dec 04;19(1):1634 [FREE Full text] [doi:
10.1186/s12889-019-8000-x] [Medline: 31801503]

16. Zeng X, Zhong X, Peng B, Zhang Y, Kong C, Liu X, et a. Prevalence and associated risk characteristics of HIV infection
based on anal sexual role among men who have sex with men: a multi-city cross-sectional study in Western China. Int J
Infect Dis 2016 Aug;49:111-118 [FREE Full text] [doi: 10.1016/).ijid.2016.06.009] [Medline: 27312581]

17. BamgboyeEA, Badru T, Bamgboye A. Transactional sex between men and itsimplicationson HIV and sexually transmitted
infectionsin Nigeria. J Sex Transm Dis 2017;2017:1810346 [ FREE Full text] [doi: 10.1155/2017/1810346] [Medline:
28845320]

18. Djomand G, Quaye S, Sullivan PS. HIV epidemic among key populationsin west Africa. Curr Opin HIV AIDS 2014
Sep;9(5):506-513 [FREE Full text] [doi: 10.1097/COH.0000000000000090] [Medline: 25010898]

19. Oldenburg CE, Perez-Brumer AG, Reisner SL, Mimiaga MJ. Transactional sex and the HIV epidemic among men who
have sex with men (MSM): results from a systematic review and meta-analysis. AIDS Behav 2015 Dec;19(12):2177-2183
[FREE Full text] [doi: 10.1007/s10461-015-1010-5] [Medline: 25652233]

20. Sheehy M, Tun W, Vu L, Adebgjo S, Obianwu O, Karlyn A. High levels of bisexual behavior and factors associated with
bisexual behavior among men having sex with men (MSM) in Nigeria. AIDS Care 2014 Jan;26(1):116-122. [doi:
10.1080/09540121.2013.802281] [Medline: 23742663]

21. Cloete A, Simbayi L, Kalichman S, Strebel A, Henda N. Stigma and discrimination experiences of HIV-positive men who
have sex with men in Cape Town, South Africa. AIDS Care 2008 Oct;20(9):1105-1110 [FREE Full text] [doi:
10.1080/09540120701842720] [Medline: 18608067]

22. Stahlman S, Bechtold K, Sweitzer S, Mothopeng T, Taruberekera N, Nkonyana J, et al. Sexual identity stigma and social
support among men who have sex with men in Lesotho: a qualitative analysis. Reprod Health Matters 2015
Nov;23(46):127-135. [doi: 10.1016/j.rhm.2015.11.017] [Medline: 26719004]

23.  Same sex marriage prohibition act, 2014. Law Nigeria. URL: https://lawnigeria.com/2020/01/
same-sex-marriage-prohibition-act-2014/ [accessed 2021-05-01]

24. Milestogo—closing gaps, breaking barriers, righting injustices. UNAIDS. 2018. URL: https://www.unaids.org/en/resources/
documents/2018/global -ai ds-update [accessed 2021-05-01]

25. Phanuphak N, Lo YR, Shao Y, Solomon SS, O'Connell RJ, Tovanabutra S, et al. HIV epidemic in Asia: implications for
HIV vaccine and other prevention trials. AIDS Res Hum Retroviruses 2015 Nov;31(11):1060-1076 [FREE Full text] [doi:
10.1089/aid.2015.0049] [Medline: 26107771]

26. Prevention gap report. UNAIDS. 2016. URL : https://www.unai ds.org/en/resources/documents/2016/prevention-gap [accessed
2021-05-01]

27. Methods for modeling the HIV/AID epidemic in sub-Saharan Africa. World Health Organization. URL : https://www.
who.int/healthinfo/paper03.pdf [accessed 2021-05-01]

28. Salomon JA, Murray CJ. Modelling HIV/AIDS epidemicsin sub-Saharan Africausing seropreval ence data from antenatal
clinics. Bull World Health Organ 2001;79(7):596-607 [FREE Full text] [Medline: 11477962]

29. Local epidemicsissues brief. UNAIDS. 2016. URL : https://www.unai ds.org/en/resources/documents/2014/
20140707_JC2559_|ocal-epidemics [accessed 2021-05-01]

https://publichealth.jmir.org/2021/5/e19587 JMIR Public Health Surveill 2021 | vol. 7 |iss. 5] €19587 | p. 13

(page number not for citation purposes)


https://www.unaids.org/sites/default/files/media_asset/JC2559_local-epidemics_en.pdf
https://www.unaids.org/sites/default/files/media_asset/JC2559_local-epidemics_en.pdf
http://europepmc.org/abstract/MED/26919737
http://dx.doi.org/10.1097/QAD.0000000000001075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26919737&dopt=Abstract
naiis.ng/
https://naca.gov.ng/2013-national-hiv-validated-data-2-2/
https://naca.gov.ng/2013-national-hiv-validated-data-2-2/
http://aidsinfo.unaids.org/
www.avert.org/professionals/hiv-around-world/sub-saharan-africa/nigeria
https://naca.gov.ng/wp-content/uploads/2016/11/IBBSS-2010.pdf
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-8000-x
http://dx.doi.org/10.1186/s12889-019-8000-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31801503&dopt=Abstract
https://naca.gov.ng/nigeria_garpr_2015_report/
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-8000-x
http://dx.doi.org/10.1186/s12889-019-8000-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31801503&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(16)31093-1
http://dx.doi.org/10.1016/j.ijid.2016.06.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27312581&dopt=Abstract
https://doi.org/10.1155/2017/1810346
http://dx.doi.org/10.1155/2017/1810346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28845320&dopt=Abstract
http://europepmc.org/abstract/MED/25010898
http://dx.doi.org/10.1097/COH.0000000000000090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25010898&dopt=Abstract
http://europepmc.org/abstract/MED/25652233
http://dx.doi.org/10.1007/s10461-015-1010-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652233&dopt=Abstract
http://dx.doi.org/10.1080/09540121.2013.802281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23742663&dopt=Abstract
http://europepmc.org/abstract/MED/18608067
http://dx.doi.org/10.1080/09540120701842720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18608067&dopt=Abstract
http://dx.doi.org/10.1016/j.rhm.2015.11.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26719004&dopt=Abstract
https://lawnigeria.com/2020/01/same-sex-marriage-prohibition-act-2014/
https://lawnigeria.com/2020/01/same-sex-marriage-prohibition-act-2014/
https://www.unaids.org/en/resources/documents/2018/global-aids-update
https://www.unaids.org/en/resources/documents/2018/global-aids-update
http://europepmc.org/abstract/MED/26107771
http://dx.doi.org/10.1089/aid.2015.0049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26107771&dopt=Abstract
https://www.unaids.org/en/resources/documents/2016/prevention-gap
https://www.who.int/healthinfo/paper03.pdf
https://www.who.int/healthinfo/paper03.pdf
http://europepmc.org/abstract/MED/11477962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11477962&dopt=Abstract
https://www.unaids.org/en/resources/documents/2014/20140707_JC2559_local-epidemics
https://www.unaids.org/en/resources/documents/2014/20140707_JC2559_local-epidemics
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Onovo et &

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

How AIDS changed everything. UNAIDS. URL: https://www.unaids.org/en/resources/documents/2015/
MDG6_15years-15lessonsfromtheA | D Sresponse [accessed 2021-05-01]

Weir SS, Pailman C, Mahlalela X, Coetzee N, Meidany F, Boerma JT. From people to places: focusing AIDS prevention
efforts where it matters most. AIDS 2003;17(6):895-903. [doi: 10.1097/00002030-200304110-00015]

Final Nigeria|BBSS 2014 Report. National Agency for the Control of Aids. URL: https://naca.gov.ng/
final-nigeria-ibbss-2014-report/ [accessed 2021-05-01]

Heartland Alliance Nigeria. Integrated most at risk populations hiv prevention program (IMHIPP). Heartland Alliance
International. URL: https.//www.heartlandalliance.org/wp-content/upl 0ads/2019/10/About-1M HI PP-Nigeria-Oct2019. pdf
[accessed 2019-10-10]

Ending AIDS: progress towards the 90-90-90 targets. UNAIDS. 2017. URL: http://www.refworld.org/docid/5971f3b24.
html [accessed 2018-10-14]

HIV and AIDS in East and Southern Africaregional overview. Avert. URL: https.//www.avert.org/professionals/
hiv-around-world/sub-saharan-africa/overview [accessed 2020-08-25]

Nguyen, Bui D, Dinh T, Pham L, Nguyen V, Tran T, team for the implementation research project “Vietnam HIV early
antiretroviral therapy with regular HIV testing (V-HEART)”. A prospective "test-and-treat” demonstration project among
people who inject drugs in Vietnam. JInt AIDS Soc 2018 Jul;21(7):e25151 [FREE Full text] [doi: 10.1002/jia2.25151]
[Medline: 29984473]

Zulu LC, Kalipeni E, Johannes E. Analyzing spatial clustering and the spatiotemporal nature and trends of HIV/AIDS
prevalence using GIS: the case of Malawi, 1994-2010. BMC Infect Dis 2014 May 23;14:285 [FREE Full text] [doi:
10.1186/1471-2334-14-285] [Medline: 24886573]

Cuadros DF, Awad SF, Abu-Raddad LJ. Mapping HIV clustering: a strategy for identifying populations at high risk of
HIV infection in sub-Saharan Africa. Int JHealth Geogr 2013 May 22;12:28 [FREE Full text] [doi:
10.1186/1476-072X-12-28] [Medline: 23692994]

UNAIDS. Communities at the centre: Global AIDS Update 2019.
https://www.unaids.org/en/resources/documents/2019/2019-global-A1DS-update 2019:12.

Getting to Zero: the HIV epidemic in the eastern and southern Africa. UNAIDS. 2013. URL: https://reliefweb.int/report/
worl d/getting-zero-hiv-epi demic-eastern-and-southern-africa [accessed 2021-05-01]

Rhodes T, Stimson GV, Crofts N, Ball A, Dehne K, Khodakevich L. Drug injecting, rapid HIV spread, and the 'risk
environment': implications for assessment and response. AIDS 1999;13 Suppl A:S259-S269. [Medline: 10885783
Consensus estimates on key population size and HIV prevalence in Tanzania. National Aids Control Programme (NACP).
2014. URL: https./iww.healthpolicyproject.com/index.cfm?id=publications& get=publ D& publ d=391 [accessed 2021-05-01]
Williams ML, McCurdy SA, Bowen AM, Kilonzo GP, Atkinson JS, Ross MW, et al. HIV seroprevalence in a sample of
Tanzanian intravenous drug users. AIDS Educ Prev 2009 Oct;21(5):474-483 [EREE Full text] [doi:
10.1521/aeap.2009.21.5.474] [Medline: 19842830]

Scheibe A, Makapela D, Brown B, dos Santos M, Hariga F, Virk H, et al. HIV prevalence and risk among people who
inject drugsin five South African cities. Int J Drug Policy 2016 Apr;30:107-115. [doi: 10.1016/j.drugpo.2016.01.004]
[Medline: 26860326]

Communities at the centre: Global AIDS Update 2019. UNAIDS. URL: https://www.unaids.org/en/resources/documents/
2019/2019-global-AlDS-update [accessed 2021-05-01]

UNAIDS. HIV And Aging: A Specia Supplement to the UNAIDS Report on the Global Aids Epidemic Programme.
Geneva: Joint UN Programme on HIV/AIDS; 2013.

Negin JCN, Eaton J, Schur N, Gregson S. HIV among older adults in Zimbabwe: Aging with HIV or seroconverting after
age 50?2012 Jul 31 Presented at: International AIDS Conference; 2014 July 20-25; Mebourne p. S1-S5.

Thegap report. UNAIDS. 2014. URL : https://www.unaids.org/en/resources/documents/2014/20140716 UNAIDS gap_report
[accessed 2021-05-01]

DesJarlaisDC, Feelemyer JP°, Modi SN, Arasteh K, Hagan H. Arefemaleswho inject drugs at higher risk for HIV infection
than males who inject drugs: an international systematic review of high seroprevalence areas. Drug Alcohol Depend 2012
Jul 01;124(1-2):95-107 [FREE Full text] [doi: 10.1016/j.drugal cdep.2011.12.020] [Medline: 22257753]

Atkinson AJ, McCurdy S, Williams M, Mbwambo J, Kilonzo G. HIV risk behaviors, perceived severity of drug use problems,
and prior treatment experience in a sample of young heroin injectorsin Dar es Salaam, Tanzania. Afr J Drug Alcohol Stud
2011;10(1):1-9 [FREE Full text] [Medline: 23024611]

Strathdee SA, Magis-Rodriguez C, Mays VM, Jimenez R, Patterson TL. The emerging HIV epidemic on the Mexico-U.S.
border: an international case study characterizing the role of epidemiology in surveillance and response. Ann Epidemiol
2012 Jun;22(6):426-438 [FREE Full text] [Medline: 22626001]

HIV and AIDSin Nigeria. Avert. 2019. URL: avert.org/professional s/hiv-around-worl d/sub-saharan-africa/nigeria [accessed
2021-05-01]

Martin NK, Vickerman P, Hickman M, Patterson TL, Rand E, Abramovitz D, et al. Overlapping substance using high-risk
groups and infectious diseases: how dynamic modelling can evaluate risk and target HIV prevention. Addiction 2016
Sep;111(9):1512-1515 [FREE Full text] [doi: 10.1111/add.13338] [Medline: 27075692]

https://publichealth.jmir.org/2021/5/e19587 JMIR Public Health Surveill 2021 | vol. 7 |iss. 5| €19587 | p. 14

(page number not for citation purposes)


https://www.unaids.org/en/resources/documents/2015/MDG6_15years-15lessonsfromtheAIDSresponse
https://www.unaids.org/en/resources/documents/2015/MDG6_15years-15lessonsfromtheAIDSresponse
http://dx.doi.org/10.1097/00002030-200304110-00015
https://naca.gov.ng/final-nigeria-ibbss-2014-report/
https://naca.gov.ng/final-nigeria-ibbss-2014-report/
https://www.heartlandalliance.org/wp-content/uploads/2019/10/About-IMHIPP-Nigeria-Oct2019.pdf
http://www.refworld.org/docid/5971f3b24.html
http://www.refworld.org/docid/5971f3b24.html
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/overview
https://www.avert.org/professionals/hiv-around-world/sub-saharan-africa/overview
http://europepmc.org/abstract/MED/29984473
http://dx.doi.org/10.1002/jia2.25151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29984473&dopt=Abstract
https://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-14-285
http://dx.doi.org/10.1186/1471-2334-14-285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24886573&dopt=Abstract
https://ij-healthgeographics.biomedcentral.com/articles/10.1186/1476-072X-12-28
http://dx.doi.org/10.1186/1476-072X-12-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23692994&dopt=Abstract
https://reliefweb.int/report/world/getting-zero-hiv-epidemic-eastern-and-southern-africa
https://reliefweb.int/report/world/getting-zero-hiv-epidemic-eastern-and-southern-africa
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10885783&dopt=Abstract
https://www.healthpolicyproject.com/index.cfm?id=publications&get=pubID&pubId=391
http://europepmc.org/abstract/MED/19842830
http://dx.doi.org/10.1521/aeap.2009.21.5.474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19842830&dopt=Abstract
http://dx.doi.org/10.1016/j.drugpo.2016.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26860326&dopt=Abstract
https://www.unaids.org/en/resources/documents/2019/2019-global-AIDS-update
https://www.unaids.org/en/resources/documents/2019/2019-global-AIDS-update
https://www.unaids.org/en/resources/documents/2014/20140716_UNAIDS_gap_report
http://europepmc.org/abstract/MED/22257753
http://dx.doi.org/10.1016/j.drugalcdep.2011.12.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22257753&dopt=Abstract
http://europepmc.org/abstract/MED/23024611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23024611&dopt=Abstract
http://europepmc.org/abstract/MED/22626001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22626001&dopt=Abstract
avert.org/professionals/hiv-around-world/sub-saharan-africa/nigeria
http://europepmc.org/abstract/MED/27075692
http://dx.doi.org/10.1111/add.13338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27075692&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Onovo et &

54. HIV, AIDS and population mobility - overview of the IOM global hiv programme 2006. |OM. 2006. URL : https:/
/migrationheal thresearch.iom.int/hiv-ai ds-and-popul ation-mobility-overview-iom-global -hiv-programme-2006 [accessed
2021-05-01]

55. Sylvester. Nigeria, EU and UNODC rel ease first-ever national drug use survey. United Nations Office on Drugs and Crime.
2019. URL: https://www.unodc.org/nigeria/en/ni geria--eu-and-unodc-rel ease-first-ever-national -drug-use-survey.html
[accessed 2021-05-01]

56. NigeriaGARPR 2015 report. National Agency for the Control of Aids. URL: https://naca.gov.ng/nigeria garpr_2015_report/
[accessed 2021-05-01]

57. Massarrest of 40 gay men in Nigeriamay harm HIV fight: activist. Reuters. 2017 Jul 31. URL : https://www.reuters.com/
article/us-nigeria-gay-idUSKBN1AG21W [accessed 2021-05-01]

58. HIV, the law and human rightsin the African human rights system: key challenges and opportunities for rights-based
responses. The African Commission on Human & Peoples’ Rights. URL: https://www.achpr.org/public/Document/file/
English/africancommission_hiv_report_full_eng.pdf [accessed 2021-05-01]

59. Mclintyre A, Mitchell A, Nwafor S, Sebastian V, Schwitters AM, Lo J, et al. Key population size estimation in nigeria:
novel approaches to sampling and analysis. 2020 Presented at: CROI Conference; 2021 Mar 8-11; Boston URL : https:/
/wwwv.croi conference.org/abstract/key-popul ati on-si ze-esti mati on-in-nigeria-novel -approaches-to-sampling-and-analysis/

60. Mpairwe H, Muhangi L, Namujju PB, Kisitu A, Tumusiime A, Muwanga M, et a. HIV risk perception and prevalence in
aprogram for prevention of mother-to-child HIV transmission: comparison of women who accept voluntary counseling
and testing and those tested anonymously. J Acquir Immune Defic Syndr 2005 Jul 01;39(3):354-358. [doi:
10.1097/01.9ai.0000148081.38331.92] [Medline: 15980698]

61. Fabiani M, Nattabi B, AyellaEO, Ogwang M, Declich S. Using prevalence data from the programme for the prevention
of mother-to-child-transmission for HIV-1 surveillance in North Uganda. AIDS 2005 May 20;19(8):823-827. [doi:
10.1097/01.aids.0000168977.51843.d6] [Medline: 15867497]

62. Stover J. Projecting the demographic consequences of adult HIV prevalence trends: the Spectrum Projection Package. Sex
Transm Infect 2004 Aug;80 Supp! 1:i14-i18 [FREE Full text] [doi: 10.1136/sti.2004.010157] [Medline: 15249694]

Abbreviations

IBBSS: integrated biological and behavioral surveillance survey
KP: key population

LGA: local government area

MSM: men who have sex with men

NAIIS: NigeriaAIDS Indicator and Impact Survey

NASCP: National AIDS & STIs Control Programme
PEPFAR: The President's Emergency Plan for AIDS Relief
PWID: peoplewho inject drugs

UNAIDS: the Joint United Nations Programme on HIV/AIDS
USAID: United States Agency for International Devel opment

Edited by T Sanchez, submitted 23.04.20; peer-reviewed by A Algarin, R Poluru, T Torres; comments to author 15.05.20; revised
version received 25.07.20; accepted 26.02.21; published 24.05.21

Please cite as:

Onovo A, Kalaiwo A, Katbi M, Ogorry O, Jaquet A, Keiser O

Geographical Disparities in HIV Seroprevalence Among Men Who Have Sex with Men and People Who Inject Drugs in Nigeria:
Exploratory Spatial Data Analysis

JMIR Public Health Surveill 2021;7(5):e19587

URL: https://publichealth.jmir.org/2021/5/€19587

doi: 10.2196/19587

PMID:

©Amobi Onovo, Abiye Kalaiwo, Moses Katbi, Otse Ogorry, Antoine Jaquet, OliviaKeiser. Originally published in IMIR Public
Health and Surveillance (https://publichealth.jmir.org), 24.05.2021. Thisis 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 published in IMIR Public Health and Surveillance,
is properly cited. The complete bibliographic information, a link to the original publication on https://publichealth.jmir.org, as
well as this copyright and license information must be included.

https://publichealth.jmir.org/2021/5/e19587 JMIR Public Health Surveill 2021 | vol. 7 |iss. 5| €19587 | p. 15
(page number not for citation purposes)

RenderX


https://migrationhealthresearch.iom.int/hiv-aids-and-population-mobility-overview-iom-global-hiv-programme-2006
https://migrationhealthresearch.iom.int/hiv-aids-and-population-mobility-overview-iom-global-hiv-programme-2006
https://www.unodc.org/nigeria/en/nigeria--eu-and-unodc-release-first-ever-national-drug-use-survey.html
https://naca.gov.ng/nigeria_garpr_2015_report/
https://www.reuters.com/article/us-nigeria-gay-idUSKBN1AG21W
https://www.reuters.com/article/us-nigeria-gay-idUSKBN1AG21W
https://www.achpr.org/public/Document/file/English/africancommission_hiv_report_full_eng.pdf
https://www.achpr.org/public/Document/file/English/africancommission_hiv_report_full_eng.pdf
https://www.croiconference.org/abstract/key-population-size-estimation-in-nigeria-novel-approaches-to-sampling-and-analysis/
https://www.croiconference.org/abstract/key-population-size-estimation-in-nigeria-novel-approaches-to-sampling-and-analysis/
http://dx.doi.org/10.1097/01.qai.0000148081.38331.92
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15980698&dopt=Abstract
http://dx.doi.org/10.1097/01.aids.0000168977.51843.d6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15867497&dopt=Abstract
https://sti.bmj.com/lookup/pmidlookup?view=long&pmid=15249694
http://dx.doi.org/10.1136/sti.2004.010157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15249694&dopt=Abstract
https://publichealth.jmir.org/2021/5/e19587
http://dx.doi.org/10.2196/19587
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

