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Executive summary

Nigeria is transitioning from a generalized HIV epidemic to one that is concentrated among key
populations (KP), specifically female sex workers (FSW), men who have sex with men (MSM) and people
who inject drugs (PWID). Accurate population size estimates (PSE) for these KP help to develop and
target interventions and inform policy planning. One method of achieving empirical PSE is the network
scale-up method (NSUM), which is administered as part of a general population survey and can be used
to produce national and sub-national PSE for hidden subpopulations.

An NSUM module was included in the Nigeria AIDS Indicator and Impact Survey (NAIIS), a nationally
representative household-based survey conducted during 2018 to estimate HIV incidence, prevalence,
viral load, and related risk factors. NAIIS provided sufficient sample sizes to allow NSUM to produce
national and state-level PSE for multiple, hidden subpopulations. In this report, we describe the NSUM
module, analysis, and PSE for FSW, MSM, and PWID living in Nigeria.
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Abbreviations and Acronyms

AIDS Acquired Immunodeficiency Syndrome

CDC United States Centers for Disease Control and Prevention
FMoH Federal Ministry of Health

FCT Federal Capital Territory

FSW Female Sex Worker

HIV Human Immunodeficiency Virus

IQR Interquartile Range

KP Key Population

MSM Men who have Sex with Men

NAIIS Nigeria HIV/AIDS Indicator and Impact Survey

NSUM Network Scale-up Method

PEPFAR United States President’s Emergency Plan for AIDS Relief
PHC Population Housing Census

PSE Population Size Estimation (or Estimate)

PWID People Who Inject Drugs

STI Sexually Transmitted Infection

UMB University of Maryland, Baltimore
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Introduction

Population size estimation

Population size estimates (PSE) are essential for many fields of study, including HIV. Key populations
(KP), including female sex workers (FSW)(1, 2), men who have sex with men (MSM)(3, 4), and people
who inject drugs (PWID)(5, 6), are among those at the highest risk of HIV infection(7-9). These
populations are vulnerable to HIV infection due to stigmatized and criminalized behaviors, threats that
often prevent them from seeking essential HIV services(3, 10-13). This is of particular importance in sub-
Saharan African countries like Nigeria, with approximately 1.8 million people living with HIV, the fourth
largest burden of HIV in the world(14). The adult general population HIV prevalence is low, 1.4%(15), but
high among FSW (16.7%), MSM (20.9%), and PWID (6.2%). Empirically derived PSE advise HIV program
planners and policy developers, and inform the development of appropriate HIV epidemic response
efforts(16, 17).

Network scale-up method

One method of achieving empirical PSE is the network scale-up method (NSUM). Based on the
assumption that general population personal networks should include the same frequency of hidden
populations as randomly selected survey respondents(18-20), NSUM is administered as a module within
a general population survey and, with sufficient sample size, may produce national and sub-national PSE
for multiple sub-populations of interest. Through a series of questions that elicit how many people
respondents know in specified subpopulations with a known population size such as from a census or
registry, the average personal network size of survey respondents is calculated. An additional set of
questions asks respondents to estimate the number of people they know from target populations where
the size is unknown (e.g., key populations). The average personal network size derived from the known
populations is used to scale-up the populations whose size is unknown. NSUM has been used to
generate PSE for a broad range of subpopulations such as earthquake casualties(21), Iranian student
marijuana consumers(22), cases of COVID-19(23), victims of rape(18), people who are homeless(18),
women who have had abortions(24, 25), choking in students(26), and key populations at risk for HIV(18,
27-29).

Statistical assumptions of NSUM include the following: 1) social networks are established at random,
and everyone in the population is equally likely to know someone in a given subpopulation; 2) survey
respondents are completely aware of the characteristics of people within their network, and able to
determine whether an individual belongs to a given subpopulation; and 3) survey respondents have
perfect recall and are able to provide accurate answers to questions about their networks. When one or
more of these assumptions are violated, NSUM can be prone to bias. Specific biases encountered during
NSUM PSE include transmission error(30-36), barrier effect(31, 32, 35, 36), response bias or stigma
effect(26), and recall(33, 36, 37). Transmission error occurs when a respondent does not know that an
acquaintance is a member of a subpopulation. This often results in an underestimate, but may also yield
an overestimate if a respondent assumes an acquaintance is a subpopulation member when he/she is
not. Transmission error violates the assumption that respondents have perfect knowledge of which
subpopulations their alters belong to, and varies widely among different subpopulations. This can be
addressed by adjusting for social visibility using a method such as the Game of Contacts(34). The barrier
effect describes underestimates that result when subpopulation members have smaller networks or
fewer general population members in their network. This violates the assumption that respondents may
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be more (or less) less likely to know someone in a subpopulation based on their own characteristics. This
can be addressed by collecting a representative survey sample. Response bias or the stigma effect
occurs when a survey respondent knows members of a subpopulation but deliberately neglects to
disclose their connection, resulting in an underestimate of the subpopulation. This can be reduced by
having well-trained interviewers who make the survey respondents comfortable in providing accurate
responses to sensitive questions.

Objectives

An NSUM module was included in the Nigeria AIDS Indicator and Impact Survey (NAIIS)(15), a nationally
representative household-based survey conducted during 2018 to estimate HIV incidence, prevalence,
viral load, and related risk factors. NAIIS provided sufficient sample sizes to allow NSUM to produce
national and state-level PSE for multiple, hidden subpopulations. In this report, we describe the NSUM
module, analysis, and PSE for FSW, MSM, and PWID living in Nigeria.

Methods

Sampling and data collection

The Nigeria AIDS Indicator and Impact Survey (NAIIS) was a nationally representative household-based
survey conducted during 2018 to estimate HIV incidence, prevalence, viral load, and HIV-related risk
factors(15). Nigeria geopolitical departments include 36 states and the Federal Capital Territory (FCT).
For the purposes of this paper, we will refer to FCT as a state. In each of the 37 states, 25 enumeration
areas (EAs) with the rural and urban distribution based on the most recent (2006) census were selected
using probability proportional to size. During the second stage of sampling, 25 households were selected
at random. One eligible adult 18-54 years of age from each household was selected at random to
complete the NSUM survey module. This sampling design allowed for sufficient precision to produce
national and state-specific population size estimates. To achieve sufficient precision for subnational unit
estimates, one adult per household was selected. If there was more than one eligible adult per
household, the respondent was selected at random by the tablet to complete the NSUM module.

Network scale-up method

NAIIS participants selected for the NSUM module were asked a series of questions about the number of
people in their social network. These included how many people they knew from subpopulations with
known population sizes, and how many people they knew who belonged to subpopulations whose sizes
were unknown. To “know” someone is based on local context. Interviewer instructions to respondents
explained that it meant people you know by sight and name and who know you by sight and name, and
who you have had dinner or drinks or some other type of social interaction with in the past 12 months,
from 18-64 years unless otherwise specified, and who lived in Nigeria.

Known populations

Known populations include those with public statistics that are collected regularly such as census data,
government or national registries, or nationally representative surveys. The ideal questions are those
that an acquaintance would know about people in their personal network such as marital status, births
or deaths, and employment status. Questions about sensitive topics or medical conditions that are not
visible are harder for respondents to answer correctly. Our sources of known populations were the most
recent Nigeria census, the 2006 Population Housing Census (PHC) (38), and the 2018 Nigeria
Demographic and Health Survey (39). We selected 21 populations that represented between 0.1% and
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4.0% of the general population to improve recall (Table 1). During the 2006 PHC, Nigeria’s population
was approximately 140.4M (38). We used 18-64 years age groups by sex and applied proportions of
known populations to intercensal estimates for 2018 when Nigeria’s population had grown to 195.9M

(40).

To obtain the denominator of our estimator, we calculated the average personal network size using the
21 known populations listed in Table 1. As the 21 known populations were based on 2006 PHC
proportions applied to 2018 intercensal projections, we expected to have varying levels of quality.
Consistent with other NSUM analyses (34, 35), we reviewed frequency distributions and ran regression
models without intercepts to output scatterplots with regression lines to compare known population
sizes with average network sizes. We had the most confidence in known populations whose results were
closest to the regression line. Those with extreme responses were excluded, as well as those deemed as
having potential to be misinterpreted by survey respondents. Seven known populations were retained
after this process, including accountants, bankers, divorcees, widows/widowers, PhD or advanced
degree holders, ministers or religious leaders, and civil servants.

Table 1. Known populations based on 2018 Demographic and Health Survey questions or
categories from the 2006 Population Housing Census

Estimated 2018
Known Population Population
(Nigeria)
How many people do you know...
1 ...18-64 years, whose spouse has died 1,227,943
2 ...18-64 years, who are divorced 545,753
3 ...with a PhD or advanced degree 886,848
4 ...who cannot see (disability) 136,438
5 ...who are accountants 2,046,572
6 ...who are administrative officers 1,569,039
7 ..who are patent medicine sellers 341,095
8 ...who are smoked fish and meat sellers 1,500,820
9 ...who are catering or lodging service workers 68,219
10 | ..who are factory workers 68,219
11 | ..who are military personnel 136,438
12 | ..who are teachers (including governesses) 68,219
13 | ..who are ministers or religion 68,219
14 | ..who are barbers, hairdressers, saloonists, and beauticians 68,219
15 | ..who are farmers (general) 1,500,820
16 | ..who are Civil Servants 2,728,763
17 | ..who are fishermen or fisherwomen 2,524,106
18 | ...who are bankers 341,095
19 | ..who are furniture makers 68,219
20 | ..who are fashion designers such as tailors, dress makers, and seamstresses 750,410
21 | ..who are drivers (general) 613,972

10
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Key and priority populations

Respondents were asked about subpopulations whose sizes were to be estimated using responses to
the known populations in combination with personal network size. A total of seven key and priority
populations were included in the NSUM module. Descriptions of the populations included in each
question were crafted deliberately to limit misperception among respondents. Exact language of
guestions pertaining to FSW, MSM, and PWID, the three key populations within the scope of this report,
are shown in Table 2. The PSE presented in this report for MSM were calculated as a sum of individual
PSE for men who have sex with other men, exclusively, and men who have sex with men and women.

Table 2. Network scale-up module questions for female sex workers, men who have sex with
men, and people who inject drugs, Nigeria 2018
Female sex workers: Some women sell sex to men, as their main income or to support their
children. How many women do you know who sell sex to men?
Men who have sex with men: Some men have sex with only women, some men have sex with
only men, and some have sex with both men and women.
e How many men do you know who have sex with other men and women?
e How many men do you know who only have sex with other men?
People who inject drugs: There are people who use drugs that they inject into themselves to
get high or feel strong. How many people do you know who inject non-prescription drugs?

Data analysis

Population size estimation
Population size estimates for FSW, MSM, and PWID were calculated using a modified, basic scale-up
estimator with bootstrapped 95% Cl (30).

The modified basic scale-up estimator is used to estimate the network size for each respondent.
Modified refers to sampling from the frame population (e.g., adults, heads of households) rather than
the entire population (e.g., adults and children) which is the basic scale-up estimator(30).

~ Yr .1 . )
Ny==——XNp=—m—

'F.H
dr,r t}/. F /.'\"1.

Where:

e Fisthe frame population (adults, aged 18-54 years)

e His hidden population

e  yeqisthe estimator for the numerator

o dgris the total number of connections between adults, so questions should reflect those
relationships

For Nigeria and each of the 37 states, we calculated the percentage that FSW, MSM, and PWID PSE
represented in the general population, aged 18-64 years. Data were obtained from 2018 general
population intercensal projections based on the 2006 PHC(38). We used male population data for MSM,
female population data for FSW, and general population estimates for PWID.

11
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Adjustment for social visibility using the Game of Contacts

Transmission error occurs when NSUM respondents are unaware that members of their personal
networks belong to the subpopulation(s) of interest, and can result in underestimated PSE. We can
address this by adjusting NSUM estimates with external data from the same population. We used the
Game of Contacts(34) to assess social visibility among FSW, MSM, and PWID in Nigeria. Through a
standardized evaluation process to identify physical and staff capacity to host Game of Contact
activities, we identified nine key population service providers to be our survey sites (“game centers”),
safe locations to perform eligibility screening and administer the survey (“game”) to FSW, MSM, and
PWID participants. Security, safety, and funding restricted our efforts to nine locations, including three
sites for FSW (Imo, Kaduna, and Oyo), four sites for MSM (Anambra, FCT, Kaduna, and Oyo), and two
sites for PWID (Kaduna and Lagos). Each site recruited approximately 250 participants from the targeted
KP.

Similar eligibility criteria and definitions as the NAIIS NSUM module were applied for the Game of
Contacts. Age of participants was 18-54 years, with additional criteria including female sex at birth for
FSW, and male sex at birth for MSM. The “game” component of the survey entailed the presentation of
a series of names to participants, who were then asked how many people they knew by each name. The
definition of “to know” was identical to the NAIIS NSUM module: to know by sight and name, have had
some personal contact within the past 12 months, and live in Nigeria. In each game, participants were
shown 12 male and 12 female names the tablet displayed in random order. For each name (alter), how
many (name) did they know? Does (name) know you are (FSW, MSM, or PWID)? Is (name) (FSW, MSM,
or PWID)? If participants knew more than one person with the same name, the process was repeated
for each person.

For each survey site (“game center”), the transmission rate, t (tau), was calculated(34).
Z(Wi/ﬂi)
LI
Z(Xi/ﬂ'i)

i

T=

T: probability that a randomly chosen name (list) will be aware that the respondent is connected
to target population

e w: number of alters that are aware that respondent is in target population

e x:total number of alters

e 1 probability of selection for respondent

Results from the Game of Contacts suggested high social visibility for FSW and PWID, and PSE for these
subpopulations were not adjusted. Measures of social visibility obtained for MSM were markedly lower,
indicating that PSE should be adjusted to avoid underestimation. Adjustment factors obtained from
Game of Contacts sites in FCT (2.12; 95% Cl: 1.90, 2.36), Kaduna (1.81; 95% Cl: 1.66, 1.98), and Oyo
(2.13; 95% Cl: 1.73, 2.68), were applied to state-level PSE based on geographic proximity. The FCT
adjustment factor was applied to the national MSM PSE.

12
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Comparisons

We compared our PSE with the general population (Tables 4-7) by state, KP, and age group. Using 2018
projections based on the 2006 PHC(38), we calculated the percent of the general population
represented by our PSE. For FSW, we used the adult (18-54 years) female population. For MSM, we used
the adult (18-54 years) male population. For PWID, we used the adult (18-54 years) total (male and
female combined) population. In addition, we summarized the number and percentage of the NAIIS
NSUM respondents in each state who resided in urban enumeration areas (EA) out of all (urban and
rural) EA as a proxy for urban/ rural distribution of FSW, MSM, and PWID by state.

Human subjects research approval

All survey procedures were aligned with recommendations from the ethics and regulatory board.
Human subject review was conducted by the CDC Institutional Review Board (IRB), the UMB IRB and the
Nigerian National Health Research Ethics Committee.

Results

Of 229,762 adults sampled in NAIIS, 67,834 were aged 18-54 years and selected for the supplementary
NSUM module. From this subset, 61,676 consented to participate and completed the NSUM
guestionnaire. Selected characteristics of these respondents are detailed in Table 3.

13
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Table 3. Characteristics of NAIIS NSUM respondents, Nigeria 2018

Characteristic n* Percent (95% CI)*
Age (years)
Mean 61,676 31.4 (31.4, 31.5)
Median (IQR) 61,676 30.0(23.0, 40.0)
Age group (years)
18-24 13,746 29.7 (29.2, 30.3)
25-34 21,185 32.1(31.5, 32.6)
35-44 16,197 23.5(23.0, 24.0)
45-54 10,548 14.7 (14.3, 15.0)
Place of Residence
Urban 26,723 47.7 (45.8, 49.6)
Rural 34,953 52.3 (50.4, 54.2)
Sex
Male 27,352 51.6(50.9, 52.2)
Female 34,324 48.4 (47.8, 49.1)
Marital status
Never married 15,479 30.6(29.9, 31.4)
Married or living together 41,585 64.2 (63.4, 65.0)
Divorced or separated 2,098 2.4(2.3,2.6)
Widowed 2,428 2.6 (2.5, 2.8)
Religion
Christian 36,267 49.9 (48.7, 51.0)
Islam 24,884 49.4 (48.2, 50.6)
Traditional 415 0.6 (0.5, 0.7)
No religion 87 0.1(0.1,0.1)
Education
No education 10,789 16.7 (16.0, 17.5)
Primary 11,500 16.8 (16.3, 17.3)
Secondary 24,479 40.4 (39.6, 41.1)
Tertiary 10,930 17.4 (16.7, 18.1)
Other 3,925 8.6 (7.9,9.3)
Wealth quintile
Lowest 10,807 17.7 (16.6, 18.9)
Second 11,617 19.1 (18.2, 20.0)
Middle 13,227 19.8 (19.0, 20.6)
Fourth 13,497 21.2(20.4, 21.9)
Highest 12,528 22.2(21.3,23.2)
HIV status
Positive 1,093 1.4 (1.3, 1.6)
Negative 56,238 91.4 (91.0, 91.8)
Untested 4,345 7.2 (6.8,7.6)

*Data are presented as n (%) unless otherwise indicated. Abbreviations: Cl, confidence interval; IQR, interquartile range; NAIIS, Nigeria AIDS Indicator and Impact Survey; NSUM, network scale-

up method.

14
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Population size estimates

The following sections present national (Table 4) and state-level (Tables 5-7) PSE for FSW, MSM, and
PWID in Nigeria. All PSE include a point estimate and 95% Cl, rounded to the nearest hundred, and are
presented alongside the corresponding proportion of each KP relative to the adult (18-54 years) general
population according to 2018 intercensal projections. Female population data were used for FSW, male
population data were used for MSM, and both male and female population data were used for PWID.
State-level PSE were grouped by region.

Table 4. National population size estimates for female sex workers, men who have sex with men,
and people who inject drugs, Nigeria 2018

PSE % of general PSE % of general
KP PSE PSE95% Cl population* population* 95% ClI
FSW 810,900 (762,800, 859,100) 1.8 (1.8, 2.0)
MSM 747,200 (601,200, 917,700) 1.6 (1.3, 2.0)
PWID 943,900 (879,200, 1,008,600) 1.1 (0.8,1.2)

*Reflects 2018 intercensal projections for adults based on the 2006 Population Housing Census. Female population
data were used for FSW, male population data were used for MSM, and both male and female population data
were used for PWID.

Abbreviations: Cl, confidence interval; KP, key population; PSE, population size estimate

15
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Table 5. Population size estimates for female sex workers by state, Nigeria 2018

PSE/ Gen Pop*

EA distribution**

[0)
Region  State PSE PSE 95% Cl %  (95% Cl) Urbaf]’ Urbaﬁ Tot;\:
North Benue 32,300 (20,100, 44,500) 2.5 (1.5,3.4) 16.0 271 1,699
Central  FCT 7,000 (4,600,9,300) 2.0 (1.3,26) 917 1,677 1,828
Kogi 12,900 (7,800,18,000) 1.3 (0.8,1.8) 56.4 877 1,555
Kwara 8,600 (5,400,11,800) 1.3 (0.8,1.8) 54.0 743 1,376
Nasarawa 10,400 (7,700,13,200) 23 (1.7,2.9) 33.1 545 1,645
Niger 9,400 (4,500,14,200) 0.8 (0.4,1.2) 235 407 1,729
Plateau 11,700 (7,500,15,800) 1.2 (0.7,1.6) 34.4 651 1,892
North Adamawa 23,700 (10,900, 36,400) 2.5 (1.1,3.8) 31.4 511 1,628
East Bauchi 18,700 (12,800,24,500) 1.3 (0.9,1.7) 14.2 224 1,582
Borno 17,400 (7,200,27,700) 1.4 (0.6,2.2) 64.4 385 598
Gombe 15,700 (9,200,22,200) 2.6 (1.5,3.7) 30.7 536 1,747
Taraba 19,500 (12,100, 26,900) 3.2 (2.0,4.4) 17.4 312 1,793
Yobe 7,300 (4,000,10,500) 1.2 (0.7,1.7) 233 308 1,320
North Jigawa 22,700 (14,800,30,600) 1.6 (1.1,2.2) 532 969 1,821
West Kaduna 43,700 (31,000,56,400) 2.1 (1.5,2.7) 593 975 1,645
Kano 62,700 (43,500, 82,000) 2.0 (1.4,2.6) 63.6 960 1,510
Katsina 16,400 (8,700,24,000) 0.9 (0.5,1.3) 16.4 246 1,498
Kebbi 11,500 (6,200,16,900) 1.2 (0.6,1.7) 19.8 297 1,499
Sokoto 15,700 (8,600,22,700) 1.4 (0.8,2.0) 32.3 483 1,494
Zamfara 12,100 (6,700,17,500) 1.2 (0.7,1.8) 39.1 354 905
South Abia 25,400 (17,700, 33,100) 2.8 (2.0,3.7) 34.0 662 1,947
East Anambra 47,100 (34,300,59,900) 3.3 (2.4,4.1) 829 1,409 1,699
Ebonyi 12,900 (8,500,17,300) 2.0 (1.3,2.7) 19.0 387 2,033
Enugu 33,800 (26,300, 41,400) 3.0 (2.4,3.7) 319 554 1,735
Imo 52,100 (34,700, 69,500) 3.9 (2.6,5.2) 30.6 550 1,795
South Akwa lbom 48,100 (31,400, 64,900) 3.6 (2.4,49) 129 247 1,921
South Bayelsa 18,700 (15,400, 22,000) 4.7 (3.9,5.5) 259 489 1,888
Cross River 32,900 (23,300, 42,400) 3.8 (2.7,3.8) 216 395 1,827
Delta 55,700 (42,300, 69,200) 4.0 (3.0,5.0) 422 777 1,842
Edo 34,800 (25,300, 44,300) 3.4 (2.4,43) 567 1,076 1,898
Rivers 75,600 (57,000,94,2000 4.1 (3.1,5.1) 359 614 1,711
South Ekiti 11,700 (8,500,14,900) 1.6 (1.2,2.0) 763 1214 1,592
West Lagos 123,500 (102,500, 144,600) 3.7 (3.0,4.3) 87.0 2,290 2,631
Ogun 24,700 (15,800,33,600) 2.0 (1.3,2.7) 64.1 913 1,425
Ondo 28,300 (18,300,38,200) 2.5 (1.6,3.4) 4638 783 1,672
Osun 20,500 (15,000, 26,100) 1.8 (1.3,2.3) 86.6 1,356 1,566
Oyo 40,600 (25,600,55,700) 2.0 (1.3,2.8) 738 1276 1,730

*Reflects 2018 intercensal projections for female adults based on the 2006 Population Housing Census
**Describes number and proportion of NSUM respondents who resided in urban areas
Abbreviations: Cl, confidence interval; PSE, population size estimate; EA, enumeration area
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Table 6. Population size estimates for men who have sex with men by state, Nigeria 2018

PSE/ Gen Pop*

EA distribution**

Region  State PSE PSE 95% Cl %  95%Cl Urbai’ Urbaﬁ Tot;\'l
North Benue 17,800 (9,400, 28,100) 1.3 (0.7,2.1) 16.0 271 1,699
Central  FCT 5,500 (2,900,8,800) 1.4 (0.7,2.2) 917 1,677 1,828
Kogi 7,100 (2,100,13,300) 0.7 (0.2,1.3) 56.4 877 1,555
Kwara 6,700 (2,000,13,800) 1.2 (0.3,2.4) 54.0 743 1,376
Nasarawa 10,300 (5,100,16,600) 2.3 (0.9,4.0) 33.1 545 1,645
Niger 11,400 (4,900,19,300) 0.9 (0.4,1.5) 235 407 1,729
Plateau 11,100 (4,800,18,800) 1.2 (0.5,2.0) 34.4 651 1,892
North Adamawa 22,700 (9,500,38,600) 2.5 (1.0,4.2) 314 511 1,628
East Bauchi 23,900 (12,600,37,100) 1.6 (0.9,2.5)  14.2 224 1,582
Borno 13,700 (500,29,200) 1.0 (0.0,2.1) 64.4 385 598
Gombe 15,700 (6,000,27,000) 2.5 (1.0,43) 307 536 1,747
Taraba 17,800 (8,300,29,300) 3.2 (1.5,53) 17.4 312 1,793
Yobe 7,900 (800,16,300) 1.3 (0.1,2.7)  23.3 308 1,320
North Jigawa 27,700 (12,800, 45,300) 2.1 (1.0,3.4)  53.2 969 1,821
West Kaduna 50,400 (15,000,92,200) 2.3 (0.7,4.1) 59.3 975 1,645
Kano 80,300 (48,000,118,100) 2.1 (1.2,3.0) 636 960 1,510
Katsina 19,900 (7,400,34,600) 1.0 (0.4,1.7) 16.4 246 1,498
Kebbi 11,200 (4,400,19,200) 1.2 (0.5,2.1) 19.8 297 1,499
Sokoto 21,700 (5,400,40,900) 2.0 (0.5,3.8) 323 483 1,494
Zamfara 5,300 (1,900,9,400) 0.6 (0.2,1.0) 39.1 354 905
South Abia 22,500 (11,600, 38,600) 2.7 (1.4,4.6) 34.0 662 1,947
East Anambra 50,200 (23,800, 89,000) 3.4 (1.6,6.0) 829 1,409 1,699
Ebonyi 7,100 (2,900,13,300) 1.5 (0.6,2.8) 19.0 387 2,033
Enugu 26,700 (13,900, 45,500) 2.8 (1.4,4.7)  31.9 554 1,735
Imo 49,100 (25,700, 83,600) 3.7 (1.9,6.2) 30.6 550 1,795
South Akwa Ibom 32,200 (13,400, 60,100) 2.4 (1.0,4.4) 12.9 247 1,921
South Bayelsa 9,400 (4,400,16,800) 2.4 (1.1,43) 259 489 1,888
Cross River 24,800 (12,200, 43,500) 2.9 (1.4,5.1) 21.6 395 1,827
Delta 24,600 (9,800, 46,600) 1.7 (0.7,3.3) 422 777 1,842
Edo 23,100 (6,400,48,000) 2.2 (0.6,46) 56.7 1,076 1,898
Rivers 81,900 (44,300,137,000) 4.0 (2.2,6.7) 359 614 1,711
South Ekiti 4,700 (1,300,9,800) 0.7 (0.2,1.5) 763 1,214 1,592
West Lagos 68,400 (35,800,116,300) 1.6 (0.8,2.7) 87.0 2,290 2,631
Ogun 11,700 (3,500,23,900) 0.9 (0.3,1.9) 64.1 913 1,425
Ondo 12,000 (3,300,25,100) 1.1 (0.3,2.2) 4638 783 1,672
Osun 7,100 (1,300,16,000) 0.6 (0.1,1.4) 86.6 1,356 1,566
Oyo 14,300 (3,800,30,000) 0.7 (0.2,1.4) 738 1,276 1,730

*Reflects 2018 intercensal projections for male adults based on the 2006 Population Housing Census.
**Describes number and proportion of NSUM respondents who resided in urban areas.

Abbreviations: Cl, confidence interval; PSE, population size estimate; EAs, enumeration area
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Table 7. Population size estimates for people who inject drugs by state, Nigeria 2018

PSE/ Gen Pop*

EA distribution**

o)
Region State PSE PSE 95% ClI % 95% Cl Urbaf\) Urbaﬁ Totzla\ll
North Benue 30,500 (15,700, 45,400) 1.2 (0.6,1.7) 16.0 271 1,699
Central FCT 9,600 (5,900, 13,200) 1.3 (0.8,1.8) 91.7 1,677 1,828
Kogi 11,500 (6,400, 16,500) 0.6 (0.3,0.8) 56.4 877 1,555
Kwara 11,300 (6,000, 16,600) 0.9 (0.5,1.4) 54.0 743 1,376
Nasarawa 20,600 (14,900, 26,300) 2.5 (1.8,3.2) 33.1 545 1,645
Niger 14,400 (8,400, 20,500) 0.6 (0.3,0.8) 235 407 1,729
Plateau 23,000 (14,600, 31,300) 1.2 (0.8,1.6) 34.4 651 1,892
North Adamawa 40,400 (24,900, 55,900) 2.2 (1.3, 3.0) 31.4 511 1,628
East Bauchi 49,700 (37,700, 61,700) 1.7 (1.3,2.2) 14.2 224 1,582
Borno 33,300 (19,300, 47,300) 1.3 (0.7,1.8) 64.4 385 598
Gombe 28,600 (20,300, 36,800) 2.3 (1.6, 3.0) 30.7 536 1,747
Taraba 18,700 (11,800, 25,600) 1.6 (1.0,2.2) 17.4 312 1,793
Yobe 11,300 (6,000, 16,700) 0.9 (0.5,1.4) 233 308 1,320
North Jigawa 37,100 (25,500, 48,800) 1.4 (0.9,1.8) 53.2 969 1,821
West Kaduna 68,900 (48,700, 89,100) 1.6 (1.1,2.1) 59.3 975 1,645
Kano 133,000 (95,600, 170,300) 1.9 (1.4,2.4) 63.6 960 1,510
Katsina 46,700 (27,700, 65,700) 1.2 (0.7, 1.7) 16.4 246 1,498
Kebbi 19,600 (10,500, 28,700) 1.0 (0.6, 1.5) 19.8 297 1,499
Sokoto 28,800 (16,100, 41,500) 1.3 (0.7,1.9) 323 483 1,494
Zamfara 32,400 (17,800, 47,000) 1.7 (0.9, 2.5) 39.1 354 905
South Abia 25,600 (17,100, 34,100) 1.5 (1.0, 2.0) 34.0 662 1,947
East Anambra 32,200 (20,900, 43,500) 1.1 (0.7,1.5) 82.9 1,409 1,699
Ebonyi 14,500 (10,000, 19,100) 1.3 (0.9,1.7) 19.0 387 2,033
Enugu 24,300 (18,500, 30,100) 1.2 (0.9,1.5) 31.9 554 1,735
Imo 38,200 (26,000, 50,400) 1.4 (1.0, 1.9) 30.6 550 1,795
South Akwa lbom 24,100 (14,800, 33,400) 0.9 (0.6,1.2) 12.9 247 1,921
South Bayelsa 9,100 (6,900, 11,300) 1.2 (0.9,1.4) 25.9 489 1,888
Cross River 27,900 (18,000, 37,700) 1.6 (1.0,1.6) 21.6 395 1,827
Delta 48,200 (30,700, 65,700) 1.7 (1.1, 2.3) 42.2 777 1,842
Edo 25,900 (18,400, 33,400) 1.2 (0.9, 1.6) 56.7 1,076 1,898
Rivers 43,000 (29,800, 56,100) 1.1 (0.8, 1.4) 35.9 614 1,711
South Ekiti 11,400 (6,300, 16,400) 0.8 (0.5,1.2) 76.3 1,214 1,592
West Lagos 52,900 (40,100, 65,700) 0.7 (0.5,0.9) 87.0 2,290 2,631
Ogun 17,600 (8,700, 26,600) 0.7 (0.4,1.1) 64.1 913 1,425
Ondo 13,800 (7,400, 20,300) 0.6 (0.3,0.9) 46.8 783 1,672
Osun 18,600 (8,200, 28,900) 0.8 (0.4,1.3) 86.6 1,356 1,566
Oyo 38,500 (20,200, 56,800) 0.9 (0.5,1.4) 73.8 1,276 1,730

*Reflects 2018 intercensal projections for adults based on the 2006 Population Housing Census.

**Describes number and proportion of NSUM respondents who resided in urban areas.

Abbreviations: Cl, confidence interval; PSE, population size estimate; EAs, enumeration areas
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Discussion

Nationally representative household-based surveys are large, costly, and time consuming, but offer a
rare opportunity to produce empirical KPSE. This is the first time national and state-specific PSE for FSW,
MSM, and PWID have been calculated in Nigeria and each of the 37 states. In 2018, state-level PSE for
these subpopulations were produced using multiple-source capture-recapture or programmatic
mapping and enumeration, and are listed alongside our estimates for comparison (appendices 1-3) (41,
42). In brief, multiple-source capture-recapture methods consisted of three rounds of venue-based data
collection in which unique objects were distributed to KP members. In subsequent rounds of data
collection, interviewers asked KP members if they had received a unique object in order to determine
overlap between capture rounds. Latent class models were used to generate median PSE alongside 80%
highest density intervals as a measure of precision. Programmatic mapping and enumeration consisted
of a single visit to each venue, in which enumerators counted the number of KP members present, with
the resulting PSE equal to the sum of all KP members observed at each venue. While less costly, this
strategy is prone to significant underestimation of the KP(s) of interest; it is unlikely that all members of
the population will be present at venues during the brief period of data collection, and we expected PSE
obtained from programmatic mapping and enumeration to much smaller than those obtained from
NSUM or multiple-source capture-recapture. The following sections discuss the PSE obtained from
NSUM, multiple-source capture-recapture, and programmatic mapping and enumeration in Nigeria and
elsewhere in sub-Saharan Africa.

Female sex workers

Our guidelines for expected FSW PSE were based on literature from sub-Saharan Africa (0.4%—4.3% in
urban areas)(43), West/Central Africa (0.6%—3.0%)(9), and UNAIDS findings which estimate that FSW
account for roughly 1% of the adult female population (41). All unadjusted, national and state-level PSE
for FSW fell within 0.4%-4.3% of the general population, with the exception of Bayelsa State, where FSW
were estimated to account for 4.7% of the adult female population. The inflated PSE for FSW in Bayelsa
State may be attributable to its petroleum-based economy and predominantly male workforce,
conditions which may be conducive to an uptick in sex work. Indeed, PSE for FSW in Nigeria’s 9 crude-oil
producing states (Abia, Akwa Ibom, Bayelsa, Delta, Edo, Imo, Lagos, and Ondo)(44) represented much
higher proportions of the adult female population, accounting for 9 of the 14 highest relative PSE
observed for FSW throughout Nigeria. The PSE for FSW in Benue and Akwa Ibom States were
comparable to estimates obtained from multiple-source capture-recapture (Appendix 1). In the
remaining states with existing FSW PSE (from multiple-source capture-recapture or programmatic
mapping and enumeration), results from NSUM were not consistent. Multiple-source capture-recapture
PSE were much higher than NSUM PSE in FCT and Nasarawa State, and lower than NSUM PSE in Cross
River, Rivers, and Lagos States. The most likely explanation for these discrepant results is a varying
definition of the FSW study population between the NSUM and multiple-source capture-recapture
activities. For our NSUM PSE exercise, FSW were defined as ‘women who sell sex to men, as their main
income or to support their children’, whereas the multiple-source capture-recapture activity used a
broader definition: ‘women who have received money or goods in exchange for sexual services, either
regularly or occasionally, in the 12 months preceding this activity.” In FCT and Nasarawa State, where
prior PSE were exceedingly high, some women may have been counted as FSW during multiple-source
capture-recapture who did not meet the definition used in NSUM. The explanation is less clear in Cross
River, Rivers, and Lagos States, where NSUM PSE were larger than those obtained from multiple-source
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capture-recapture. Timing of the activity may be relevant here, as the final rounds of multiple-source
capture-recapture data collection were conducted very close to the winter holidays. This may have
reduced social visibility of venue-based FSW, limiting recruitment and ultimately lowering the PSE. As
expected, all PSE obtained from programmatic mapping and enumeration were markedly lower than
those obtained from NSUM.

Men who have sex with men

According to UNAIDS guidance released in 2020, MSM PSE should represent at least 1% of the
adult male population (45). Crude PSE for MSM were overwhelmingly short of this threshold at both the
national and state-levels, with PSE from 21 of 37 states suggesting that MSM make up less than 1% of
the adult male population. As previously mentioned, all PSE for MSM were adjusted for social visibility
using adjustment factors obtained from the Game of Contacts. After adjustment, PSE were increased
significantly and largely fell above 1% of the adult male population. Exceptions included PSE from EKkiti,
Kogi, Niger, Ogun, Osun, Oyo, and Zamfara states, where the MSM proportion of the adult male
population ranged from 0.6% to 0.9%. When compared with prior MSM PSE in Nigeria, our results were
largely consistent with those obtained from multiple-source capture-recapture (Benue, FCT, Nasarawa,
Akwa lbom, Cross River, Rivers, and Lagos States). This was encouraging, and lends support to our
method of adjusting MSM PSE for social visibility. Similar to the case for FSW, the PSE obtained from
programmatic mapping and enumeration (Gombe, Taraba, Kaduna, Kano, Abia, Anambra, Enugu, Imo,
Edo, and Oyo States; Appendix 2) were much lower than NSUM PSE, and none fell above 1% of the adult
male population in these states. Programmatic mapping and enumeration may be particularly prone to
underestimating PSE for MSM due to the low social visibility of this population in Nigeria. MSM hotspots
tend to be harder to find, and enumerators may find it difficult to record accurate counts of MSM at
hotspots, as individual interviews are not conducted to confirm eligibility.

People who inject drugs

Prior investigations have produced PSE for PWID ranging from 0.1% to 0.6% in sub-Saharan Africa (5)
and <0.1% to 1.6% in West and Central Africa (9). Our unadjusted, national and state-level PWID PSE
were predominantly larger than estimates from sub-Saharan Africa, with results from just 3 states falling
within 0.1%—0.6% of the general population (Kogi, Niger, Ondo: all 0.6%). The estimates from West/
Central Africa were more comparable to our results, as PWID PSE represented 1.6% or lower of the adult
general population in 30/37 states. The seven states with PWID PSE representing greater than 1.6% of
the adult general population included Bauchi (1.7%), Zamfara (1.7%), Delta (1.7%), Kano (1.9%),
Adamawa (2.2%), Gombe (2.3%), and Nasarawa (2.5%). The PWID PSE obtained from NSUM were
comparable to state-level PSE from multiple-source capture-recapture in 4/7 states (Benue, Akwa Ibom,
Cross River, and Rivers States; Appendix 3), and higher than PSE from multiple-source capture-recapture
in the remaining 3 states (FCT, Nasarawa, and Lagos). While the definitions of PWID used in NSUM and
multiple-source capture-recapture were similar, there were minor differences that may have
contributed to the discrepant PSE. In multiple-source capture-recapture, PWID were defined as ‘any
person who has injected drugs (illicit, non-prescribed, and illegal) recreationally at least once in the 12
months preceding this activity’. The NSUM module asks ‘How many people do you know who inject non-
prescription drugs?’, not restricting to individuals who inject illicit/ illegal drugs, or those who have
injected within the past 12 months. However, it is unclear why this effect may have influenced results in
certain states but not others. To improve comparability of future PSE, activities should strive to make
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use of the exact same definitions for each KP, including PWID. Similar to the cases for FSW and MSM,
PSE from programmatic mapping and enumeration were categorically lower than NSUM PSE.

Limitations

This report has several limitations. We used 2006 Census results and applied 2018 age and sex
distributions to generate known population estimates. It is possible that there was migration across
states that would have impacted our state-level PSE; however, cross-state migration would not have
impacted national data unless there were mass influx/exodus of populations between 2006 and 2018.

Game of Contacts estimates of social visibility were not available in every state and may not be
generalizable to other states, or at the national level. Ideally, independent adjustment factors should be
obtained from each state and for each target KP to improve specificity. Furthermore, our estimates of
social visibility were obtained from convenience samples, and may be prone to sampling bias.

The language of each question in the NSUM module was crafted carefully, but there is always potential
for misunderstanding among respondents or incorrect delivery from interviewers, especially when
guestionnaires are translated into local languages. Participants may have had difficulty making the
distinction between FSW and women who engage in transactional sex, which would have increased the
resulting PSE. Similarly, participants may have struggled to differentiate PWID from non-injectable drug
users.

Conclusions

The nationally representative PSE for FSW, MSM, and PWID detailed in this report will be helpful in
scaling resources to reduce the burden of HIV among these subpopulations in Nigeria. Our results were
largely consistent with previous studies in sub-Saharan Africa that have used methods such as NSUM or
multiple-source capture-recapture, emphasizing the importance of using empirical methods to estimate
the size of these key populations.
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Appendices

Appendix 1. Comparison of population size estimates for female sex workers by state,

Nigeria 2018
Network Scale-up Method (NSUM) Other PSE Methods?
PSE/Gen Pop® PSE/Gen Pop®
Region  State PSE PSE 95% Cl % 95% CI PSE PSE 95% Cl %  80% HDI
North Benue 32,300 (20,100,44,500) 2.5  (15,34) 46,700 (27,500, 113,900) 3.6 (2.1,8.7)
Central FCT 7,000 (4,600,9,300) 2.0  (1.3,2.6) 45700  (23,100,56,700) 13.0 (6.6, 16.1)
Nasarawa 10,400 (7,700,13,200) 2.3  (17,29) 55600  (26,000,73,700) 121  (5.7,16.1)
North Gombe 15,700 (9,200,22,200) 2.6  (1537) 4818 0.8
East Taraba 19,500 (12,100,26,900) 3.2  (2.0,4.4) 4417 0.7
North Kaduna 43,700 (31,000,56,400) 2.1  (15,2.7) 23,479 11
West Kano 62,700 (43,500,82,000) 2.0  (14,2.6) 12,143 0.4
South Abia 25,400 (17,700,33,100) 2.8  (2.0,3.7) 7,920 0.9
East Anambra 47,100 (34,300,59,900) 3.3  (2.4,41) 36,607 25
Enugu 33,800 (26,300,41,400) 3.0  (2.4,3.7) 3,824 03
Imo 52,100 (34,700,69,500) 3.9  (2.6,52) 4,893 0.4
South Akwa lbom 48,100 (31,400,64,900) 3.6  (2.4,49) 64300  (44,100,84,900) 4.8 (3.3,6.4)
South CrossRiver 32,900 (23,300,42,400) 3.8  (2.7,3.8) 15300  (11,900,20,000) 1.7 (1.4,2.3)
Edo 34,800 (25,300,44,300) 3.4  (2.4,4.3) 8,829 0.9
Rivers 75,600 (57,000,94,200) 4.1  (3.1,5.1) 14500  (14,100,15200) 0.8 (0.8,0.8)
South Lagos 123500 (102,500, 144,600) 3.7  (3.0,43) 48200  (30,900,76,100) 14 (0.9,2.3)
West Oyo 40,600 (25,600,55,700) 2.0  (13,2.8) 11,242 0.6

a0ther population size estimates were obtained in 2018 using programmatic mapping and enumeration (Abia, Anambra, Edo, Enugu, Gombe,
Imo, Kaduna, Kano, Oyo, and Taraba states, or multiple-source capture-recapture (Akwa lbom, Benue, Cross River, FCT, Lagos, Nasarawa, and
Rivers states). Results from multiple-source capture-recapture are presented alongside 80% highest density intervals.
bReflects 2018 intercensal projections for adults based on the 2006 Population Housing Census
Abbreviations: Cl, confidence interval; HDI, highest density interval; NSUM, network scale-up method; PSE, population size estimate.*Reflects
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Appendix 2. Comparison of population size estimates for men who have sex with men
by state, Nigeria 2018

Network Scale-up Method (NSUM)

Other PSE Methods?®

PSE/Gen Pop®

PSE/Gen Pop®

Region  State PSE PSE 95% CI % 95%Cl PSE PSE9S%CI % 80% HDI
North  Benue 17,800 (9,400, 28,100) 13 (07,2.1) 10,800 (8,000, 13,100) 0.8 (0.6, 1.0)
central e 5,500 (2,900, 8,800) 14 (0.7,22) 8200  (6,500,10,700) 2.0 (1.6,2.7)
Nasarawa 10,300  (5,100,16,600) 23 (0.9, 4.0) 5,000 (3,700, 6,400) 1.4 (1.0, 1.7)
North  Gombe 15700  (6,000,27,000) 2.5  (1.0,4.3) 1,901 03
East Taraba 17,800 (8,300, 29,300) 32 (15,53) 749 0.1
North  Kaduna 50,400  (15,000,92,200) 2.3 (0.7, 4.1) 8,601 0.4
West  yano 80,300 (48,000, 118,100) 21 (12,3.0) 20,144 05
South  Abia 22,500  (11,600,38,600) 2.7 (L4 4.6) 1,953 0.2
East Anambra 50,200 (23,800, 89,000) 34 (16,6.0) 3,455 0.2
Enugu 26,700  (13,900,45500) 2.8 (1.4, 4.7) 1,623 0.2
Imo 49,100  (25700,83,600) 3.7 (L9,6.2) 822 0.1
South  Akwalbom 32,200  (13,400,60,100) 2.4 (L0, 4.4) 34,600  (12,000,72,400) 2.5 (0.9,5.3)
South  ossRiver 24800 (12,200,43,500) 2.9 (1.4,5.1) 3,200 (2,700,3,600) 0.4 (0.3,0.4)
Edo 23,100  (6,400,48,000) 2.2 (0.6, 4.6) 1,126 0.1
Rivers 81,900  (44,300,137,000) 4.0 (2.2,6.7) 41,400  (8,400,61,800) 2.0 (0.4, 3.0)
South  Lagos 68,400 (35800,116300) 16  (0.8,2.7) 81,400  (4,800,127,400) 1.9 (0.1,3.0)
West  6v0 14,300 (3,800, 30,000) 07 (0.2,1.4) 3,081 0.2

20ther population size estimates were obtained in 2018 using programmatic mapping and enumeration (Abia, Anambra, Edo, Enugu, Gombe,
Imo, Kaduna, Kano, Oyo, and Taraba states, or multiple-source capture-recapture (Akwa Ibom, Benue, Cross River, FCT, Lagos, Nasarawa, and

Rivers states). Results from multiple-source capture-recapture are presented alongside 80% highest density intervals.
bReflects 2018 intercensal projections for adults based on the 2006 Population Housing Census

Abbreviations: Cl, confidence interval; HDI, highest density interval; NSUM, network scale-up method; PSE, population size estimate.
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Appendix 3. Comparison of population size estimates for people who inject drugs by

state, Nigeria 2018

Network Scale-up Method (NSUM)

Other PSE Methods?®

PSE/Gen Pop®

PSE/Gen Pop®

Region  State PSE PSE 95% CI % 95% CI PSE PSE 95% CI % 80% HDI
North Benue 30,500  (15,700,45,400) 1.2 (0.6, 1.7) 27,600 (22,900, 35,600) 1.0 (0.9, 1.4)
central - rer 9,600  (5900,13,200) 1.3 (0.8, 1.8) 3,400 (2,800,4,100) 0.5 (0.4,0.5)
Nasarawa 20,600  (14,900,26,300) 2.5 (1.8,3.2) 6,900 (5,800,7,600) 0.8 (0.7,0.9)
North  Gombe 28,600  (20,300,36,800) 2.3 (16, 3.0) 6,577 05
East Taraba 18,700 (11,800, 25,600) 1.6 (1.0,2.2) 1,080 0.1
North Kaduna 68,900  (48,700,89,100) 1.6 (1.1,2.1) 9,232 0.2
West Kano 133,000 (95,600,170,300) 1.9 (1.4,2.4) 6,859 0.1
South  Abia 25,600  (17,100,34,100) 15 (1.0, 2.0) 3,654 0.2
East Anambra 32,200  (20,900,43,500) 1.1 (0.7, 1.5) 3,287 0.1
Enugu 24,300  (18,500,30,100) 1.2 (0.9, 1.5) 1,162 0.1
Imo 38200  (26,000,50,400) 1.4 (1.0, 1.9) 2,735 0.1
South  Akwalbom 24,100 (14,800, 33,400) 0.9 (0.6, 1.2) 22,500  (15,100,30,900) 0.8 (0.6, 1.1)
South  oesRiver 27,000  (18,000,37,700) 1.6 (1.0, 1.6) 20,100 (11,500, 25500) 1.2 (0.7, 1.5)
Edo 25900  (18,400,33,400) 1.2 (0.9, 1.6) 549 0.0
Rivers 43,000  (29,800,56,100) 1.1 (0.8, 1.4) 30,400 (7,600, 44,600) 0.8 (0.2, 1.1)
South Lagos 52,900  (40,100,65,700) 0.7 (0.5,0.9) 9,400  (7,100,13,400) 0.1 (0.1,0.2)
West Oyo 38,500  (20,200,56,800) 0.9 (0.5, 1.4) 14,741 04

20ther population size estimates were obtained in 2018 using programmatic mapping and enumeration (Abia, Anambra, Edo, Enugu, Gombe,
Imo, Kaduna, Kano, Oyo, and Taraba states, or multiple-source capture-recapture (Akwa Ibom, Benue, Cross River, FCT, Lagos, Nasarawa, and
Rivers states). Results from multiple-source capture-recapture are presented alongside 80% highest density intervals.
bReflects 2018 intercensal projections for adults based on the 2006 Population Housing Census

Abbreviations: Cl, confidence interval; HDI, highest density interval; NSUM, network scale-up method; PSE, population size estimate.
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