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Abstract

Background: Key populations at higher risk for HIV infection, including people who inject drugs, men who have sex with men
(MSM), and female sex workers (FSWSs), are disproportionately affected by the HIV/AIDS epidemic. Empirical estimates of
their population sizes are necessary for HIV program planning and monitoring. Such estimates, however, are lacking for most of
Uganda’s urban centers.

Objective: Theaim of this study was to estimate the number of FSWs and MSM in select locations in Uganda.

Methods: We utilized conventional 2-source capture-recapture (CRC) to estimate the population of FSWs in Mbale, Jinja,
Wakiso, Mbarara, Gulu, Kabarole, Busia, Tororo, Masaka, and Kabale and the population of MSM in Mbale, Jinja, Wakiso,
Mbarara, Gulu, Kabarole, and Mukono from June to August 2017. Hand mirrors and key chains were distributed to FSWs and
MSM, respectively, by peers during capture 1. A week later, different FSWs and MSM distributors went to the same towns to
collect data for the second capture. Population size estimates and 95% Cls were calculated using the CRC Simple Interactive
Statistical Analysis.

Results. We estimated the population of FSWs and MSM using 2 different recapture definitions: those who could present the
object or identify the object from a set of photos. The most credible (closer to global estimates of MSM; 3%-5%) estimates came
from those who presented the objects only. The FSW population in Mbale was estimated to be 693 (95% Cl 474-912). For Jinja,
Mukono, Busia, and Tororo, we estimated the number of FSWsto be 802 (95% CI 534-1069), 322 (95% CI 300-343), 961 (95%
Cl 592-1330), and 2872 (95% CI 0-6005), respectively. For Masaka, Mbarara, Kabale, and Wakiso, we estimated the FSWs
population to be 512 (95% Cl 384-639), 1904 (95% Cl 1058-2749), 377 (95% Cl 247-506), and 828 (95% Cl 502-1152),
respectively. For Kabarole and Gulu, we estimated the FSW's popul ation to be 397 (95% Cl 325-469) and 1425 (95% Cl 893-1958),
respectively. MSM estimates were 381 (95% Cl 299-462) for Mbale, 1100 (95% CI 351-1849) for Jinja, 368 (95% Cl 281-455)
for Wakiso, 322 (95% Cl 253-390) for Mbarara, 180 (95% CI 170-189) for Gulu, 335 (95% CI 258-412) for Kabarole, and 264
(95% CI 228-301) for Mukono.

Conclusions: The CRC activity was one of the first to be carried out in Uganda to obtain small town-evel population sizes for
FSWsand MSM. We found that it is feasible to use FSW and MSM peers for this activity, but proper training and standardized
data collection tools are essential to minimize bias.
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Introduction

Background

Key populations such as female sex workers (FSWs) and men
who have sex with men (M SM) are disproportionately affected
by the HIV epidemic[1,2]. FSWsare estimated to be 13.5 times
morelikely to becomeinfected with HIV than the general female
population, whereasM SM are 19 times more likely to beliving
with HIV than the general male population [3]. In sub-Saharan
Africa, the estimated HIV prevalence among FSWs is 36.9%,
whereas it is 17.9% among MSM [4,5]. Sexual risk behavior
and number of sexual partners, along with violence,
criminalization, and stigma may contribute to their increased
HIV vulnerability [6].

Uganda has a generalized epidemic; however, the estimated
HIV prevalence among FSWs and MSM (33% [7] and 13.7%
[8], respectively) are substantially higher than that in the general
population (6.2%[9]). In Uganda, FSWsand MSM face stigma
and marginalization, limiting their access to prevention and
treatment programs. Thus, targeted HIV servicesfor prevention,
care, and treatment need to be specifically planned and evaluated
for such populations. Such planning and evaluation requires an
accurate estimate of the population of FSWsand MSM.

There is currently no gold standard method on estimating the
size of key populations. Several population size estimation
(PSE) methods have been applied in different settings, but each
method has its own set of potential biases and limitations [10].
Capture-recapture (CRC) has been recommended for use when
acensusisnot feasibleand if there are no or poor quality service
data, which isthe case in Uganda [11]. The size estimate from
CRC ishased on 2 independent captures. capture 1 and capture
2. Inthefirst capture, participants are tagged and counted. This
follows a second independent capture of participants, some of
which would have been tagged in the first capture. From the
proportion of participants recaptured, an estimate of the entire
population is inferred [12]. For the estimate to be unbiased,
CRC relies on 4 assumptions: (1) independence of samples, (2)
closed population (no migration), (3) matching of individual
samples in both captures, and (4) equal likelihood of capture
[12].

Objectives

Population estimates for FSWs and MSM in Uganda are
particularly scarce. The World Health Organization and other
multilateral organizations have made estimating the size of key
populationsapriority [9,13,14]. There have been challengeson
quality and timely reporting, especially at the subnational level,
as suggested by the same report, resulting in gaps of size
estimation data. A 2-source CRC (2SCRC) has previously been
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conducted in Kampala for FSWs and MSM, which yielded
estimates of 13,000 FSWs and 8000 MSM [15]. However,
population estimates of FSWsand M SM has not been conducted
outside of Kampala. To address this gap in knowledge, we
utilized the 2SCRC method to estimate the size of FSWs and
MSM populations in select towns in Uganda. This is the first
time that CRC has been used in these areas and the first
population size estimates for MSM outside of Kampala.

Methods

Target Population

We conducted the CRC activity among FSWs in 11 locations
(Tororo, Busia, Mbarara, Mbale, Gulu, Kabale, Kabarole, Jinja,
Masaka, Wakiso, and Mukono) and among MSM in 7 locations
(Mukono, Wakiso, Jinja, Kabarole, Gulu, Mbale, and Mbarara).
These | ocations were chosen based on the availability of funding
and the availability of MSM and FSW community-based
organizations (CBOs) in these areas. The HIV prevalence in
these districts is higher than the national average. FSWs who
are 15 years or older and MSM who are 18 years or older were
identified by FSW and MSM peers, respectively.

Sample Size and Precision

There were no previous estimates of MSM and FSWsin these
locations. To determine the target ranges for the number of
unique objectsto distribute per population for each town, 0.5%
of al adult females and 1.5% of all adult males living in that
particular location were assumed to be FSWs and MSM,
respectively [16].

Capture-Recapture | mplementation

CBOswho operated in each |ocation were consulted before the
data collection to discuss the selected objects and recommend
peer distributors for each target population. They provided a
list of FSW and MSM peers (other members of the target
population) who would act as distributors of unique objects.
Objects were selected in collaboration with local CBOs and
were vetted by target population members. The unique objects
had unique phrases printed in various colors. Hand mirrors and
keychains were distributed to FSWs and MSM, respectively,
as shownin Figure 1.

In total, 2 FSW and 2 MSM peers were chosen to distribute
unigue objects for the first capture. Another set of 2 FSW and
2 MSM peers were assigned to collect data for the second
capture. All distributors participated in a half-day training.
Trainings were conducted separately for MSM and FSWs and
for captures 1 and 2. The training included the purpose of the
activity, adescription of the target population, and instructions
for data collection and documentation.
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Figure 1. Selected unique objects by population (unique phrases not shown).

FSW

Data Collection

Estimation was piloted first in Mbale between June 7 and 21,
2017, and then initiated in 9 phases. Phase 1, which included
Jinja, Mukono, Busia, and Malaba, was conducted between
June 26 and July 13, 2017. Phase 2, which included Masaka,
Mbarara, Kabale, and Wakiso, was conducted between July 17
and August 4, 2017. Phase 3, which included Kabarole and
Gulu, was conducted between August 7 and 25, 2017.

All data were collected using Open Data Kit Collect, an open
source Android app, on a smartphone [17]. The first sample
was captured by distributing unique objects by MSM and FSW
peers to the target population. Distributors were asked to visit
all known hotspots at different times of the day. When the
distributors came in contact with a target population member,
they were told to estimate the age group of the individual,
indicate the Global Positioning System (GPS) coordinates of
where the object was given out, and identify if the participant
accepted the unique object. Distributors were also asked to
randomly give out unique objects at all possible places where
target population members might congregate. Per the protocoal,
any FSW estimated to be under the age of 18 was referred to
specialized services.

The second capture took place approximately 5 to 7 days after
the first capture, with adifferent set of peersto collect the data.
No objects were distributed during capture 2, and distributors
asked target population members if they had received a gift in
the previous week. If they indicated that they had received a
gift, they were asked to show the distributor the object. If the
approached individual claimed to have received an object but
did not have the object with them, they were asked to identify
the correct object from a piece of paper with pictures of 10 to
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15 different objects (some similar to thereal objects, somevery
different). Distributors recorded the picture the individual
identified but did not reveal whether they were correct or not.
Distributors a so electronically collected the same demographic
and geographical dataasin the first capture.

Data Analysis

All PSE calculations were carried out using a CRC calculator
developed by Simple Interactive Statistical Analysis [18].
Nonweighted data were used for analysis. Using the 2 data
sources from captures 1 and 2, the CRC method provides an
estimate by the following formula:

N=MC/R

where N is the estimate of the total population size, M is the
total number of people captured and marked on the first visit,
C is the total number of people captured on the second visit,
and R is the number of people captured on the first visit and
then recaptured on the second visit.

To calculate the Cl to give arange of error for the estimate of
total population, the following formula was used:

95%Cl= N +/- 1.96 *sgrt(Var(N))
where variance is calcul ated as follows:
Var(N) =[ MC * (M-R)*(C-R)]/(R"3)

Size estimateswere calculated using 2 different definitions: (1)
those were able to present the object or identify the correct
object from a set of pictures and (2) only those who were able
to present the object. All valueswere rounded to the next whole
number.
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Results

Sampling

We show the sampling results using 2 different recapture
definitions: (1) those who are able to present the object or
identify the correct object from a set of pictures and (2) those
who are only ableto present the object. The numbers of objects
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offered, how many FSWs/MSM refused objects, the number of
MSM/FSWs in captures 1 and 2, and the number of people
captured twice (recaptures) are shown (Tables 1 and 2).

We show the number of MSM or FSWs who misidentified
unique objects from a set of pictures (Table 3). We see that in
some towns, no misidentification of objects occurred. We
present the proportion of capture 2 that was recaptures for each
distributor for each town (Tables 4 and 5).

Table 1. Target sample size, number of objects distributed, number of refusals, number of female sex workers (FSWs) in capture 1, number of FSWs
in capture 2, number of recaptures for recapture definition 1, and number of recaptures for recapture definition 2 for FSWsin 11 Ugandan towns.

Town Objects offered, n Refusals,n  Capturel,n Capture2, n Recapture definition 1, n Recapture definition 2, n
Mbale 143 32 111 156 31 25
Jinja 103 8 95 194 23 23
Busia 117 9 108 169 22 19
Tororo 66 7 59 146 16 3
Masaka 130 4 126 138 50 34
Waekiso 105 3 102 146 18 18
Mbarara 155 5 150 203 16 16
Kabale 86 21 65 110 22 19
Gulu 141 8 133 225 32 21
Kabarole 112 10 102 183 55 47
Mukono 159 9 150 242 116 113

Table 2. Target sample size, number of objects distributed, number of refusals, number of men who have sex with men (MSM) in capture 1, number
of MSM in capture 2, number of recaptures for recapture definition 1, and number of recapturesfor recapture definition 2 for MSM in 7 Ugandan towns.

Town Objects offered, n Refusals,n  Capturel,n Capture2, n Recapture definition 1, n Recapture definition 2, n
Mbale 129 28 101 143 46 38

Jinja 81 0 81 95 17 7

Wakiso 81 2 79 149 62 32

Mbarara 99 0 99 120 51 37

Gulu 109 7 102 153 88 87

Kabarole 92 8 83 133 61 33

Mukono 106 2 104 142 88 56
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Table 3. Number of female sex workers and men who have sex with men who misidentified the objects.

Town Female sex workers who misidentified objects, n Men who have sex with men who misidentified objects, n
Mbale 5 13
Jinja 6 0
Busia 0 _a
Tororo 1 —
Masaka 0 —
Waekiso 0 0
Mbarara 0 10
Kabale 0 —
Gulu 2 5
Kabarole 0 8
Mukono 2 0

a__: not applicable.

Table 4. Recapturesfor distributors 1 and 2 for female sex workers per each town.

Town Recapturesfor distributor  Recapturesfor distributor 1/capture Recapturesfor distributor  Recapturesfor distributor 2/capture
1,n 2,n 2,n 2,n
Mbale 6 0.04 19 0.12
Jinja 7 0.04 16 0.08
Busia 7 0.04 16 0.09
Tororo 3 0.02 0 0.00
Masaka 15 0.11 19 0.14
Waekiso 1 0.01 17 0.12
Mbarara 16 0.08 0 0.00
Kabale 9 0.08 10 0.09
Gulu 10 0.04 11 0.05
Kabarole 5 0.03 42 0.23
Mukono 5 0.02 109 0.45

Table 5. Recapturesfor distributors 1 and 2 for men who have sex with men per each town.

Town Recapturesfor distributor - Recapturesfor distributor 1/capture  Recapturesfor distributor  Recapturesfor distributor 2/capture
1n 2,n 2,n 2,n

Mbale 6 0.04 32 0.22

Jinja 5 0.05 2 0.02

Wakiso 21 0.14 11 0.07

Mbarara 17 0.14 20 0.17

Gulu 19 0.12 68 0.44

Kabarole 26 0.20 7 0.05

Mukono 36 0.25 20 0.14
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Table 6. Population size estimates per town for female sex workers.
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Town Adultfemalepopula:  pSE2of recapture definition 95% Cl PSE of recapture definition  95% ClI
tion, N 1, n (PSE/total Population 2, n (PSE/total population

size as % of recapture defini- sizeas % of recapture defini-

tion 1) tion 2)
Mbale 161,720 559 (0.35) 410-708 693 (0.43) 474-912
Jinja 144,280 802 (0.56) 534-1069 802 (0.56) 534-1069
Busia 98,210 830 (0.85) 542-1119 961 (0.98) 592-1330
Tororo 155,520 539 (0.35) 326-751 2872 (1.85) 0-6005
Masaka 91,680 348 (0.38) 288-408 512 (0.56) 384-639
Wekiso 786,970 828 (0.11) 503-1152 828 (0.11) 502-1152
Mbarara 156,270 1904 (1.22) 1058-2749 1904 (1.22) 1058-2749
Kabale 75,809 325 (0.43) 227-424 377 (0.50) 247-506
Gulu 88,820 936 (1.05) 674-1197 1425 (1.60) 893-1958
Kabarole 90,307 340 (0.38) 289-391 398 (0.44) 326-469
Mukono 194,920 313(0.16) 294-333 322(0.17) 300-343

3PSE: population size estimation.
Table 7. Population size estimates per town for men who have sex with men.
Town Adult male popula-  pgg@ of recapture definition 95% ClI PSE of recapture definition  95% ClI
tion, N 1, n (PSE/total Population 2, n (PSE/total population

sizeas % of recapture defini- sizeas% of recapture defini-

tion 1) tion 2)
Mbale 123,201 314 (0.25) 259-370 381 (0.31) 299-462
Jinja 18,233 453 (2.48) 280-626 1100 (6.03) 351-1849
Wekiso 15,228 190 (1.25) 173-207 368 (2.42) 281-455
Mbarara 48,754 233(0.48) 200-267 322 (0.66) 253-390
Gulu 38,069 178 (0.47) 169-187 180 (0.47) 170-189
Kabarole 13,569 181 (1.33) 164-199 335 (2.47) 258-412
Mukono 40,686 168 (0.41) 160-177 264 (0.65) 228-301

3PSE: population size estimation.

Population Size

We present the results of the population size estimates of FSWs
and MSM, the 95% CI, the number of adult male or female
population of that particular town, and the prevalence of MSM
or FSWs (Tables 6 and 7).

Female Sex Workers

We estimated the number of FSWs in Mbale to be 693 (95%
Cl 474-912). For Jinja, Mukono, Busia, and Tororo, we
estimated the number of FSWSs to be 802 (95% CI 534-1069),
322 (95% CI 300-343), 961(95% CI 592-1330), and 2872(95%
Cl 0-6005), respectively. For Masaka, Mbarara, Kabale, and
Wakiso, we estimated the number of FSWsto be 512 (95% ClI
384-639), 1904 (95% Cl 1058-2749), 377 (95% Cl 247-506),
and 828 (95% Cl 502-1152), respectively. For Kabarole and
Gulu, we estimated the number of FSWs to be 397 (95% ClI
325-469) and 1425 (95% CI 893-1958), respectively.

https://publichealth.jmir.org/2019/2/e12316/
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Men Who Have Sex With Men

We estimated the number of MSM in Mbaleto be 381 (95% Cl
299-462). For Jinja and Mukono, we estimated the number of
MSM to be 1100 (95% CI 351-1849) and 264 (95% ClI
228-301), respectively. For Mbarara and Wakiso, we estimated
the number of MSM to be 322 (95% CI 253-390) and 368 (95%
Cl 281-455), respectively. For Kabarole and Gulu, we estimated
the number of MSM to be 335 (95% CI 258-412) and 180 (95%
Cl 170-189), respectively.

Discussion

Principal Findings
We conducted multiple size estimation activities using the CRC

method and present 2 size estimates for FSWsand MSM in 11
select Ugandan towns.

Comparing the popul ation estimates from the different recapture
definitionsfor FSWsand MSM, we see that recaptures of those
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who had the object or were able to identify the object were
generaly higher, resulting in lower population estimate
compared with the results from those who just had the object
with them.

Our subnational estimates for FSWs as percentage of the adult
female population, or FSWs prevalence, range from 0.3% to
1.2%. In Tororo, we found that women were less likely to keep
the object with them. Thisis evident from a comparison of the
number of recapturesin Table 1. Only 3 women had the object
with them, but an additional 13 women were able to accurately
identify the object from aset of pictures. Perhaps, thisisbecause
the women lost the objects more frequently or were selling the
objects, which may reflect the socioeconomic status of women
in Tororo. When women who could identify the object from a
set of pictures were included in the analysis, the size estimate
dropped from 2872 (FSWs prevalence of 1.85%) to 539 (FSWs
prevalence of 0.35%). Our range of FSW prevalenceis similar
to subnational FSWs prevalence estimates in other regions of
Africa(0.1%-12.0%) [19]. Generally, in other areas, the results
did not differ as much because the majority of FSWs kept the
object for a week. Our subnational estimates for MSM as
percentage of the adult male population, or MSM prevalence,
range from 0.03% to 0.9%. When compared with global
estimates of MSM (3%-5%), we find that most of our MSM
prevalence estimates arelower [20,21]. Theseresultsreflect the
difficulties in executing venue-based population estimates in
small settingsin countries such as Uganda and may suggest that
alarge proportion of MSM was not recognizabl e to distributors
or that they do not frequent venues that distributors targeted, or
that these smaller towns indeed harbor fewer MSM.

We can compare our FSWs and MSM estimates with results
from a 2014 report by the Ugandan Ministry of Health and
Uganda AIDS Commission where they estimated 54,549 sex
workers (0.57% of the adult female population) and 10,533
MSM (0.12% of the adult male population) in Uganda [15].
With the exception of our FSWs prevalence estimates from
Mbale, our FSW and MSM prevalence estimates are higher
compared with the FSWs and MSM prevalence found in the
report. However, it isimportant to note that the report estimates
are national, whereas our estimates are subnational.
Unfortunately, because of lack of datain theliterature, wewere
not able to compare our subnational estimates to other
population estimates.

ThePrioritiesfor Local AIDS Control Effort (PLACE) method
has been utilized for FSWs in some of these locations [22].
Though the PLACE report did not provide population size
estimates for FSWs, we can compare the humbers of FSWs
reported using the PLACE method. Per PLACE method, there
were 65 FSWsin Jinja, 62 FSWsin Mbale, 61 FSWsin Kabale,
70 FSWsin Masaka, 119 FSWsin Malaba, and 113 FSWsin
Mbarara. The numbers of FSWsfound using PLACE are lower
than the number of FSWs captures for each corresponding
location. Thisislikely explained by the PLACE methodol ogy,
where only 3 areas within the district are visited, whereas our
distributors visited multiple hotspots.

https://publichealth.jmir.org/2019/2/e12316/
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Strengthsand Limitations

There were a number of limitations in our PSE activity that is
inherent to CRC methodology and failing to meet its
assumptions. Aswedid not want to collect personal identifying
information, we used unique objects to identify recaptures.
However, not every person carried the unigue object with them,
which made determining the exact number of recaptures
problematic because we could not confirm that the person who
received the object was the same person who received it.
Estimates would thus be too high if matcheswere not identified
or too low if recaptures were matched incorrectly. We attempted
to reduce the bias from using unique objects as a matching
mechanism by instructing participants to keep the object with
them for as long as the data collection period (5 to 7 days) and
limiting the time between captures to 5 to 7 days. However,
there were individuals from both populations who did not have
the object with them. This is not surprising, given that a
population member may have lost the object, given it away, or
left it at home. Minimizing the time between captures was also
an effort to meet the assumption of a closed population (no in
and out migration). If there is an increase in the number of
peoplein the second sampl e because of migration, it may result
in an underestimate, or vice versa. In addition, wetried to meet
the assumption of equal likelihood of capture by instructing the
peer distributors to visit al known hotspots and randomly
sample individuals. In certain towns, this may not have been
possible, and our peer distributors may not have been able to
visit al hotspots in the alotted time. Our method involved
approaching population members at select hotspots and may
have excluded specific subgroups that may not attend venues
(eg, street- or home-based FSWs or MSM/FSWs who mest
individuals or clients using social media or other app).
Individuals with higher social visibility are more likely to be
captured; thus, our results are likely to be underestimated for
all populations. The expansion of capturesto various other data
sources (not just object distribution) to include servicelistsand
or social mediaand websites could reach those individualswho
are less likely to attend venues. Furthermore, members of the
FSWsand MSM popul ations may have decided to not participate
in the activity for fear of being identified. The use of FSW and
MSM peers for data collection may have aleviated this issue.
Finally, we attempted to meet the assumption of independence
of samples by using different staff for captures 1 and 2.

We encountered unique observations and challenges during our
size estimation activities. First, the PSE activity was well
received by the community with the help of thelocal CBO. The
unique objectswere generally well liked by thetarget population
members. In Mukono, the unique objects were too well liked;
FSW distributors reportedly were selling objects, and thus the
activity was repeated with anew set of peers. Tainted datafrom
M ukono were discarded, and the Mukono data presented relied
on the repeated activity. We al so found that in some areas, target
population members would surround distributors hoping to
receive an object, suggesting that objects may not have always
been given out at random and that not everyone had an equal
chance of being captured. To ensure that these issues do not
occur in thefuture, we recommend consultation with local CBOs
and to choose unique objects that are likeable but not overly
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popular. Furthermore, although we instructed data collectorsto
go to any place where they might find a member of the target
population within the district, the majority of the captureswere
found in the town centers. In addition, considering that each
distributor had the same training and used the same electronic
datacollection tool, we expected that the proportion of captures
that were recaptures be similar between the 2 FSWs or MSM
distributors for capture 2. However, we saw that in many sites,
1 distributor had substantially more (>10%) recapturesthan the
other. We attempted to mitigate thisissue by looking at the GPS
data for each of the distributor’s captures, to see if they made
up certain captures. However, it was difficult to assess which
captures were true captures. To the extent that we can check,
wedid not find any fabricated captures. We also checked to see
if the location of the recaptures were in similar locations to
those of captures 1 and 2 and found that they were, suggesting

Apodacaet a

MSM congregate and are thereby legitimate. Regardless, these
issues brought to light that one of the most critical elements of
asuccessful CRC activity using unique objectsis choosing the
right distributors.

Conclusions

New empirical population size estimates were generated for
MSM and FSWs in select towns in Uganda. These estimates
are among the first in these locations in Uganda and are
important in providing knowledge and insight in planning for
HIV programs by stakeholders working in Uganda. More
implementation research and more systematic use of CRC or
other empirical PSE methods are warranted for Uganda. PSE
activities should beincluded in future HIV surveillance efforts
to improve estimates and optimally plan for the provision of
services to high-risk populations.

that the recaptures were recorded in locations where FSWs and

Acknowledgments

This paper wasfunded by the President’s Emergency Planfor AIDS Relief through the Centers of Disease Control and Prevention
under the terms of project number U2GGH000466. The authors would like to thank the staff of the Crane Survey, under which
umbrellathis CRC activity was conducted. They also would like to acknowledge the Monitoring and Eval uation Technical Support
for their support. In addition, they would like to thank the CBOsthat dedicated their timeto thisactivity: UgandaHarm Reduction
Network, Women's Organization Network for Human Rights Advocacy, Lady Mermaid's Bureau, Alliance for Women, Advocating
for Change, Women Arise for Change, Organization for Gender Empowerment and Rights, Advocacy (OgeraUganda), Empower
at Dusk, Women’s Association, Serving Lives Under Marginalization, Women's Positive Empowerment Initiative, |ce Breakers,
Youth on the Rocks Foundation, Spectrum Uganda, Come out Post Test Club, Kuchu Shiners Uganda, Frank and Candy Uganda,
and Rainbow Mirrors Uganda. The findings and conclusions in this report are those of the author(s) and do not necessarily
represent the official position of the funding agencies

Conflictsof I nterest
None declared.

References

1.  GhysPJ, JenkinsC, Pisani E. HIV surveillance among female sex workers. AIDS 2001 Apr;15(Suppl 3):S33-$40. [Medline:
11421180]

2. Baral S, SifakisF, Cleghorn F, Beyrer C. Elevated risk for HIV infection among men who have sex with men in low- and
middle-income countries 2000-2006: a systematic review. PLoS Med 2007 Dec;4(12):€339 [FREE Full text] [doi:
10.1371/journal.pmed.0040339] [Medline: 18052602]

3. UNAIDS. Geneva; 2014. The Gap Report URL: http:/files.unaids.org/en/medi a/unai ds/contentassets/documents/
unaidspublication/2014/UNAIDS Gap_report_en.pdf [accessed 2019-03-08] [WebCite Cache ID 76i0CzOls|

4. Bard SB, Beyrer C, Muessig K, Poteat T, Wirtz AL, Decker MR, et a. Burden of HIV among female sex workersin
low-income and middle-income countries; asystematic review and meta-analysis. Lancet Infect Dis 2012 Jul;12(7):538-549.
[doi: 10.1016/S1473-3099(12) 70066-X] [Medline: 22424777)

5. Beyrer CB, Baral SD, van Griensven F, Goodreau SM, Chariyalertsak S, Wirtz AL, et al. Global epidemiology of HIV
infection in men who have sex with men. Lancet 2012 Jul 28;380(9839):367-377 [FREE Full text] [doi:
10.1016/S0140-6736(12)60821-6] [Medline: 22819660]

6.  World Health Organization Regional Officefor the Eastern Meditteranean. Cairo; 2016. Estimating size of key populations:
Guidefor HIV programming in countries of the Middle East and North Africa URL: http://applications.emro.who.int/dsaf/
EMROPub_2016_EN_19361.pdf [accessed 2019-03-08] [WebCite Cache ID 76imGJIMHmM]

7.  Hladik WB, Baughman AL, Serwadda D, Tappero W, Kwezi R, Nakato ND, et a. Burden and characteristics of HIV
infection among femal e sex workersin Kampala, Uganda - a respondent-driven sampling survey. BMC Public Health 2017
Jun 10;17(1):565 [FREE Full text] [doi: 10.1186/s12889-017-4428-z] [Medline: 28601086]

8. Baral SG, Grosso A, Holland C, Papworth E. The epidemiology of HIVV among men who have sex with men in countries
with generalized HIV epidemics. Curr Opin HIV AIDS 2014 Mar;9(2):156-167. [doi: 10.1097/COH.0000000000000037]
[Medline: 24445371]

https://publichealth.jmir.org/2019/2/e12316/ JMIR Public Health Surveill 2019 | vol. 5 |iss. 2| €12316 | p. 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11421180&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.0040339
http://dx.doi.org/10.1371/journal.pmed.0040339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18052602&dopt=Abstract
http://files.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2014/UNAIDS_Gap_report_en.pdf
http://files.unaids.org/en/media/unaids/contentassets/documents/unaidspublication/2014/UNAIDS_Gap_report_en.pdf
http://www.webcitation.org/

                                            76ioCzOls
http://dx.doi.org/10.1016/S1473-3099(12)70066-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22424777&dopt=Abstract
http://europepmc.org/abstract/MED/22819660
http://dx.doi.org/10.1016/S0140-6736(12)60821-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22819660&dopt=Abstract
http://applications.emro.who.int/dsaf/EMROPub_2016_EN_19361.pdf
http://applications.emro.who.int/dsaf/EMROPub_2016_EN_19361.pdf
http://www.webcitation.org/

                                            76imGJMHm
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4428-z
http://dx.doi.org/10.1186/s12889-017-4428-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28601086&dopt=Abstract
http://dx.doi.org/10.1097/COH.0000000000000037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24445371&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Apodacaet al

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

UNAIDS. Northern UgandaMalaria, AIDS & Tuberculosis Programme. Kampala: Uganda AIDS Commission; 2009. Final
Report: Uganda HIV Modes of Transmission and Prevention Response Analysis URL: http://numat.jsi.com/Resources/
Docs/UnaidsUgandaCountryReport _09.pdf [accessed 2019-03-08] [WebCite Cache ID 76iobjEku]

PHIA Project. New York: ICAP; 2017 Mar 3. Uganda Population-Based HIV Impact Assessment Preliminary Findings
URL: https://phia.icap.col umbia.edu/wp-content/upl oads/2018/07/3430%E2%80%A 2PHIA-Uganda-SS_NEW.v14.pdf
[accessed 2019-03-08] [WebCite Cache ID 76ig71d14]

Abdul-Quader AB, Baughman AL, Hladik W. Estimating the size of key populations: current status and future possibilities.
Curr Opin HIV AIDS 2014 Mar;9(2):107-114. [doi: 10.1097/COH.0000000000000041] [Medline: 24393694]

Thompson SK. Sampling. New York: John Wiley & Sons; 2002.

PEPFAR. Accelerating Progress Toward HIV/AIDS Epidemic Control. 2011. Technical Guidance on Combination HIV
Prevention URL : http://www.pepfar.gov.documents/organi zation/164010.pdf [accessed 2019-03-03] [WebCite Cache ID
761kJGNK{]

World Health Organization. Geneva; 2008. Prevention and treatment of HIV and other sexually transmitted infections
among men who have sex with men and transgender populations : report of atechnical consultation, 15-17 September 2008,
Geneva, Switzerland URL: https://apps.who.int/iris’/handle/10665/44103 [accessed 2019-03-08] [WebCite Cache ID
76ipJPN4V]

Ministry of Health, Uganda AIDS Commission. UNAIDS. 2015 Jun 15. The HIV and AIDS Country Progress Report 2014:
Kampala, Uganda URL: http://www.unaids.org/sites/default/files/country/documents’UGA _narrative report 2015.pdf
[accessed 2019-03-08] [WebCite Cache ID 76igDuY nv]

Uganda Bureau of Statistics. Kampala: Uganda Bureau of Statistics; 2016. The National Population and Housing Census
2014-Main Report URL : https://www.ubos.org/wp-content/upl oads/publications/

03 20182014 National_Census Main Report.pdf [accessed 2019-03-08] [WebCite Cache ID 76ipuBJcu]

Brunette W, Sundt M, Chaudhri R, Breit N, Borriello G. 2013. Open Data Kit 2.0: Expanding and Refining Information
Services for Developing Regions URL: https://docs.opendatakit.org/odk2/ [accessed 2019-03-08] [WebCite Cache ID
76ipz8Sag)

SISA. Quantitative Skills.: Simple Interactive Statistical Analysis; 2017. Capture-recapture URL: http://www.
guantitativeskills.com/si sa/statistics/cre.htm [accessed 2019-03-08] [WebCite Cache ID 76inU38fA]

Vandepitte J, Lyerla R, Dallabetta G, Crabbé F, Alary M, Buvé A. Estimates of the number of female sex workersin
different regions of the world. Sex Transm Infect 2006 Jun;82(Supple 3):iii18-iii25 [FREE Full text] [doi:
10.1136/sti.2006.020081] [Medline: 16735288]

Marcus UH, Hickson F, Weatherburn P, Schmidt AJ, EMIS Network. Estimating the size of the MSM popul ations for 38
European countries by cal culating the survey-surveillance discrepancies (SSD) between self-reported new HIV diagnoses
from the European MSM internet survey (EMIS) and surveillance-reported HIV diagnoses among MSM in 2009. BMC
Public Health 2013 Oct 3;13:919 [FREE Full text] [doi: 10.1186/1471-2458-13-919] [Medline: 24088198]

Céceres C, Konda K, Pecheny M, Chatterjee A, Lyerla R. Estimating the number of men who have sex with men in low
and middle income countries. Sex Transm Infect 2006 Jun;82(Suppl 3):iii3-iii9 [FREE Full text] [doi:
10.1136/sti.2005.019489] [Medline: 16735290]

Measure Evaluation. Kampala; 2013. Priorities for Local AIDS Control Efforts Uganda, 2013-2014 URL: https.//www.
measureeval uation.org/resources/publications/tr-14-109-en [accessed 2019-03-08] [WebCite Cache ID 76inGiKIb]

Abbreviations

CBOs: community-based organizations

CRC: capture-recapture

FSWs. female sex workers

GPS: Global Positioning System

MSM: men who have sex with men

PLACE: Prioritiesfor Local AIDS Control Effort
PSE: population size estimation

https://publichealth.jmir.org/2019/2/e12316/ JMIR Public Health Surveill 2019 | vol. 5| iss. 2| €12316 | p. 9

RenderX

(page number not for citation purposes)


http://numat.jsi.com/Resources/Docs/UnaidsUgandaCountryReport_09.pdf
http://numat.jsi.com/Resources/Docs/UnaidsUgandaCountryReport_09.pdf
http://www.webcitation.org/

                                            76iobjEku
https://phia.icap.columbia.edu/wp-content/uploads/2018/07/3430%E2%80%A2PHIA-Uganda-SS_NEW.v14.pdf
http://www.webcitation.org/

                                            76iq7ld14
http://dx.doi.org/10.1097/COH.0000000000000041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24393694&dopt=Abstract
http://www.pepfar.gov.documents/organization/164010.pdf
http://www.webcitation.org/

                                            76ikJGnKt
http://www.webcitation.org/

                                            76ikJGnKt
https://apps.who.int/iris/handle/10665/44103
http://www.webcitation.org/

                                            76ipJPN4V
http://www.webcitation.org/

                                            76ipJPN4V
http://www.unaids.org/sites/default/files/country/documents/UGA_narrative_report_2015.pdf
http://www.webcitation.org/

                                            76iqDuYnv
https://www.ubos.org/wp-content/uploads/publications/03_20182014_National_Census_Main_Report.pdf
https://www.ubos.org/wp-content/uploads/publications/03_20182014_National_Census_Main_Report.pdf
http://www.webcitation.org/

                                            76ipuBJcu
https://docs.opendatakit.org/odk2/
http://www.webcitation.org/

                                            76ipz8Sag
http://www.webcitation.org/

                                            76ipz8Sag
http://www.quantitativeskills.com/sisa/statistics/crc.htm
http://www.quantitativeskills.com/sisa/statistics/crc.htm
http://www.webcitation.org/

                                            76inU38fA
http://europepmc.org/abstract/MED/16735288
http://dx.doi.org/10.1136/sti.2006.020081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16735288&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-919
http://dx.doi.org/10.1186/1471-2458-13-919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24088198&dopt=Abstract
http://europepmc.org/abstract/MED/16735290
http://dx.doi.org/10.1136/sti.2005.019489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16735290&dopt=Abstract
https://www.measureevaluation.org/resources/publications/tr-14-109-en
https://www.measureevaluation.org/resources/publications/tr-14-109-en
http://www.webcitation.org/

                                            76inGiKIb
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Apodacaet al

Edited by J Neal; submitted 27.09.18; peer-reviewed by A Abdul-Quader, P Wesson, P Nadol; comments to author 06.11.18; revised
version received 18.12.18; accepted 05.02.19; published 03.04.19

Please cite as.

Apodaca K, Doshi RH, Ogwal M, Kiyingi H, Aluzimbi G, Musinguz G, Lutalo |, Akello E, Hladik W
Capture-Recapture Among Men Who Have Sex With Men and Among Female Sex Workersin 11 Towns in Uganda
JMIR Public Health Surveill 2019;5(2):e12316

URL: https://publichealth.jmir.org/2019/2/€12316/

doi: 10.2196/12316

PMID: 30942697

©Kevin Apodaca, Reena Hemendra Doshi, Moses Ogwal, Herbert Kiyingi, George Aluzimbi, Geofrey Musinguzi, Ibrahim
Lutalo, Evelyn Akello, Wolfgang Hladik. Originally published in IMIR Public Health and Surveillance (http://publicheslth.jmir.org),
03.04.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the origina work, first published in IMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the origina publication on http://publichealth.jmir.org, as well as this copyright and license information
must be included.

https://publichealth.jmir.org/2019/2/e12316/ JMIR Public Health Surveill 2019 | vol. 5 |iss. 2| €12316 | p. 10
(page number not for citation purposes)

RenderX


https://publichealth.jmir.org/2019/2/e12316/
http://dx.doi.org/10.2196/12316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30942697&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

