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Abstract

Introduction: Estimates of human immunodeficiency virus (HIV) prevalence in Nigeria have been 
based on the data from HIV surveillance and sentinel studies among pregnant women attending an-
tenatal clinics at some selected sentinel sites. However, such data overestimate HIV prevalence. This 
paper explores possible geographical variations in HIV prevalence among the  general population 
of males and females based on two waves of the National HIV/acquired immune deficiency syndrome 
(AIDS) and Reproductive Health Surveys. 
Material and methods: Data were extracted from the cross-sectional 2007 and 2012 National HIV/
AIDS and Reproductive Health Serological Surveys of men (15-64 years) and women (15-49 years) 
covering all states of Nigeria. Bayesian geo-additive modelling technique was employed for analysis. 
Appropriate prior distributions were assigned to the different types of variables in the models and 
inference was based on the Markov Chain Monte Carlo (MCMC) technique. Models of different spec-
ifications were considered.
Results: The findings reveal significant spatial variations at a highly disaggregated level of states in 
Nigeria. The nonlinear effects of respondents’ age show a similar pattern of HIV prevalence for male, 
female and the combined respondents, implying that HIV prevalence is peak among middle-age indi-
viduals, from where it declines with age. Also, the results reveal a downward change in HIV prevalence 
in Nigeria between 2007 and 2012. 
Conclusions: When these findings are taken into consideration in designing intervention strategies, it 
is believed that each state can be targeted with the right intervention(s). This can also lead to efficient 
utilization of the scarce resources witnessed globally and more importantly with the economic reces-
sion in Nigeria.
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only Cameroon (5.3%) and Gabon (5.2%) (USAID, 2012). 
The  latest national population-based Nigeria serological 
survey shows the  HIV prevalence to be 3.4% [12] com-
pared with 19.2% in South Africa and 12.9% in Zambia [9].  
Although Nigeria’s figure seems low at 34 per 1,000 per-
sons being HIV positive, if one takes into account that at 
least 180 million people currently live in the  country, it 
would translate to about 4 million Nigerian inhabitants in-
fected with HIV [13]. This has placed Nigeria as the  coun-
try with the second largest HIV epidemic globally [14]. Al-
though there is evidence of  reduction in the  yearly cases 
of new infections from about 317,000 in 2003 to 240,000 in 
2013, a colossal total of 175,000 died from HIV/AIDS related 
cases in 2014 alone in the country, partly because only 45% 
of the over 1.6 million persons needing antiretroviral therapy 
(ART) were treated in that year [14]. Nearly 2 million new 
HIV infections among adults were recorded in 2015 globally 
and about a third of people living with HIV are virally sup-
pressed [9]. In most of the developing countries mostly affect-
ed, condom use remains low among the most at-risk groups, 
and the majority of youths lack adequate knowledge of HIV  
and its mode of  transmission [9]. In sub-Saharan Africa, 
it is estimated that the yearly gap in male condom use is in 
excess of 3 billion [9]. At least one in every four persons re-
siding in Nigeria reportedly knows at least one person who 
either contracted HIV or died of AIDS [15, 16], and therefore, 
a multi-sectoral approach is required to combat the menace 
of HIV/AIDS.

As with many other health indicators, there are spa-
tial variations in HIV prevalence in Nigeria. For instance, 
based on the rural-urban setting, the prevalence is about 4% 
in rural areas but 3% in urban areas. Considering the geo-
graphical zones, HIV prevalence in the  South-South zone 
is estimated to be 5.5% compared with 1.8% in the neigh-
bouring South East zone [14, 17]. Bringing it down to state 
level, whereas the estimates are as high as 15.2% and 10.5% 
in Rivers and Tabara states respectively, Zamfara and Eki-
ti states have estimates of 0.4% and 0.2% respectively [15]. 
Interestingly, none of  these states with the highest or low-
est estimates share a  common boundary [15]. The  esti-
mated prevalence also indicates the  substantial variations 
based on demographic factors such as sex, marital status, 
age and sexual risk behaviours. The  prevalence was high-
er among females (4.0%) than males (3.2%) [18]. The  lat-
est of  the  national surveys in 2012 showed a  slightly low-
er general population HIV prevalence of  3.4% in Nigeria, 
ranging from 3.2% to 3.6% [15]. Findings from Adebayo  
et al. [19] and Fagbamigbe et al. [20] showed that HIV 
prevalence is about twice as high among women of repro-
ductive age compared with their male counterparts. Fur-
thermore, the prevalence among formerly married women 
(i.e. divorced, widowed and separated) is about three times 
that of  their counterparts who were currently married or 
cohabiting with sexual partners. Expectedly, the prevalence 
among men and women who engaged in transactional sex is 
more than twice as high for those who had never engaged in  
transactional sex.

Introduction

Designing appropriate strategies to mitigate the scourge 
of  human immunodeficiency virus (HIV) epidemics re-
quires an adequate knowledge of the correlates and the im-
portant risk factors. A proper understanding of  the spatial 
components of the epidemics at smaller geographical units 
in any country could play a critical role in structuring, de-
veloping and implementing appropriate strategies that will 
be impactful on the people at the localized settings [1]. To 
this end, reliable data that are made available on the spread 
of HIV and its risk factors in any population when available 
at smaller geographical units can be vital for any effective 
response to the  epidemic and its consequences. In coun-
tries with generalized epidemics, national estimates of HIV 
prevalence and trends in the adult population at the national 
and sub-national levels are generally derived indirectly from 
HIV surveillance among pregnant women attending select-
ed antenatal clinics [2-4]. 

People around the same geographical areas often share 
similar beliefs and culture, which often dictate their com-
mon exposure to diseases including HIV. Therefore, coun-
tries with multiple and diverse cultures are likely to record 
huge variations in the  prevalence of  HIV based on their 
geographic locations. It is frequently assumed that affluent 
countries have escaped the  strongest influence of  the  HIV 
virus because they enjoy better health care and educational 
systems that reduce the spread of the epidemics. By contrast, 
most developing countries especially in the  sub-Saharan 
Africa have continued to battle with the epidemic notwith-
standing that the basic history of the HIV virus reveals that 
the first crisis of HIV and the disease it causes, acquired im-
mune deficiency syndrome (AIDS), occurred in the  USA 
(one of the richest countries in the world) in the 1980s [5]. 
Globally, nearly half (35.4 million) of the over 77.3 million 
people infected with HIV from the  beginning of  the  epi-
demic until the end of 2017 lost their lives due to HIV/AIDS- 
related infections [6]. At the close of 2017, almost 37 million 
persons were living with HIV globally [6]. Undoubtedly, Af-
rica disproportionately bears the burden of HIV compared 
to other continents, with 4.1% prevalence, and is home to  
7 in every 10 persons living with HIV/AIDS globally [6-8]. 
A huge disparity in the HIV burden across African countries 
however exists. A recent UNAIDS report shows that Nigeria, 
Uganda and South Africa jointly share half of the yearly new 
infections in sub-Saharan Africa while Nigeria alone was 
responsible for 60% of new HIV infections in Western and 
Central Africa in 2015 [9]. 

Today Sub-Saharan Africa is in the midst of a HIV/AIDS 
crisis, and with it is the stigma that AIDS is a virus of poverty. 
The ActionAid states that “the HIV/AIDS crisis in developing 
countries is inextricably linked with poverty” [10]. Once seen 
as being a 'gay' virus, but now called a 'black' virus, HIV/AIDS is 
obviously associated with poverty and suffering, something pre-
viously acquainted with stereotypes of famine in Ethiopia [11].

Among the  neighbouring West African countries, Ni-
geria was rated as the  third most affected country, behind 
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Studies have demonstrated that in analysing health indi-
cators, assuming a  linear effect for metrical covariates is al-
ways too rigid and can result in misleading findings [21, 22].  
HIV prevalence by age has been shown to have a nonlinear 
relationship, assuming an  inverted U-shape [23]. In par-
ticular, HIV prevalence is low among people below the age  
of 18 but increases up to the age of 35-40 then starts declin-
ing with every unit increase in age [24]. There is no doubt in 
the fact that estimating the prevalence at smaller geographic 
units can provide information on locations with high and 
low risks to policymakers. These estimates, from survey re-
ports, may, however, not be reliable because they depend 
entirely on the size of the sample taken from the particular 
location. On the other hand, model-based estimates result in 
a mechanism that enhances local estimation by combining 
data from nearby locations in the estimation process, there-
by improving local estimates even in places with scanty data 
points. Analysing HIV/AIDS surveillance data from preg-
nant women attending antenatal care services in Nigeria,  
Eze [25] obtained a  spatial trend that indicates low preva-
lence in the western and northern part of the country and 
moderate levels in the eastern and South-South zones. How-
ever, the present study intends to analyse the spatial distri-
bution at more localized units taking the states that make up 
the federating units of the country as units of analysis based 
on data from the National HIV/AIDS Reproductive Survey 
involving male and female respondents from selected house-
holds, rather than only pregnant women presenting for ante-
natal care. In this paper, a Bayesian geo-statistical approach 
based on the Markov Chain Monte Carlo (MCMC) simula-
tion technique was adopted. 

Material and methods
The study relies on data from cross-sectional households 

surveys of men aged 15-64 years and women aged 15-49 years 
conducted in 2007 and 2012 as part of the National HIV/AIDS 
and Reproductive Health and Serological Survey (NARHS 
Plus) covering both rural and urban areas in the 36 states and 
the  Federal Capital Territory (FCT) of  Nigeria. The  survey 
contained both behavioural and serological components. 

For both surveys, eligible respondents were selected 
through multi-stage cluster sampling. At the first stage, rural 
and urban areas from each state and the FCT were selected, 
while the second stage involved the selection of 30 Enumer-
ation Areas (EA) within each of  the selected rural and ur-
ban areas. At the final stage, the households to participate 
in the surveys were selected. Pre-tested structured question-
naires consisting of  questions adapted from the  UNAIDS 
general population HIV/AIDS indicators and the  Demo-
graphic and Health Survey questionnaires were admin-
istered to the  female and male respondents. Enumerators, 
including HIV counsellors/testers who were versed in both 
English and local languages, were recruited for data collec-
tion. They were trained with the  aim of  acquainting them 
with the  survey instruments and methodologies prior to 
the survey. 

HIV testing and validation 

A linked anonymous testing approach with the  provi-
sion of test results was adopted in the survey. Comprehen-
sive counselling was given to the  respondents, after which 
their informed consent was obtained before testing could 
be conducted. The testing algorithm consisted of the collec-
tion of five blood spots from a finger prick on the same filter 
paper card; these were stored as dried blood spots (DBS). 
STAT-PAK and Determine rapid test kits were used for on-
the-spot testing with the immediate provision of test results. 
All survey instruments including the  DBS and the  ques-
tionnaire were linked anonymously using a unique random 
identification number. For quality control purposes, all pos-
itive samples, all discordant samples from rapid testing in 
the field, and a randomly selected sample of 10% of all neg-
ative samples were re-tested at the central laboratory using 
ELISA and Western blot as the decider. 

Data 

Data analysed in the  study are those of  respondents 
who participated in the  behavioural aspect of  the  survey 
and consented to HIV testing. A total of 11,521 and 31,235 
potential respondents were identified for the survey in 2007 
and 2012 respectively. Of these, a  total of  9,031 compris-
ing 4,195 females and 4,836 males; and 24,115 comprising 
12,079 females and 12,036 males, consented and partici-
pated in the HIV counselling and testing during 2007 and 
2012 surveys. The refusal rates for females and males during 
the  2007 survey were 21.8% and 21.5% respectively while 
the  refusal rate was approximately 22.8% for both females 
and males during the  2012 survey. The  HIV test refusal  
in Nigeria is, however, higher than the  10% reported pre-
viously [26]. All analyses involving HIV status in the pres-
ent study were based on the 9,031 (2007) and 24,115 (2012) 
respondents with both behavioural survey results and valid 
HIV test results. 

Dependent variable

The outcome/dependent variable of interest in this study 
was a binary outcome indicating the HIV sero-status test re-
sult obtained from the  respondents who were interviewed 
and consented to HIV testing. A reactive HIV test was cod-
ed “1” and non-reactive outcomes as “0”. HIV prevalence 
was therefore computed as numbers of “1”s out of the total 
respondents interviewed and tested divided by addition 
of numbers of “1”s and “0”s.

Independent variable

Based on existing literature, the following socio-demo-
graphic characteristics were explored in this paper: marital 
status, location of residence, educational attainment, geo-
political zones, age, self-reported sexual behaviour within  
the 12 months preceding the survey, age at first sex, experi-
ence of sexually transmitted infections (STIs), multiple part-
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where Bt(z) are B-splines and the coefficients αt  are fur-
ther defined to follow first or second order Gaussian random 
walk smoothness priors.

A Gaussian Markov random field prior was assumed 
for the geographical effects fspat(s), s = 1, ..., S. Basically, this 
is an  extension of  first-order random walk priors to two- 
dimensional spatial arrays; see Rue and Held [30] for general 
information.

To estimate the  smoothing parameters for non-lin-
ear and spatial effects simultaneously, highly dispersed 
but proper hyper-priors are assigned to them. An  inverse 
gamma distribution with hyperparameters a  and b is cho-
sen for the  variance components, e.g. τ2 ~ IG(a, b). Stan-
dard choices of hyperparameters are a = 1 and b = 0.005 or  
a = b = 0.001. The basis of inference in this study is carried 
out through computationally efficient Markov Chain Monte 
Carlo (MCMC) techniques. 

Data analysis of the models

In order to understand the  influence of  both observed 
covariates and spatial variations as well as time on HIV prev-
alence in Nigeria, several models of  different specifications 
were explored and the deviance information criterion (DIC) 
[32] was adopted for model diagnostics where the model with 
the smallest DIC among a set of similar models was consid-
ered the  best. Several models were explored to understand 
the behaviour of the mixing and convergence in an attempt at 
studying the sensitivity to the choice of priors. Six of the fitted 
models are defined as follows:

M1: η = time2 + fspat(si)
M2: η = time2 + fspat(si) + f(Age of respondents) + geopo-

litical zones + bio-demographic characteristics
M3: η = time2 + fspat(si) + f(Age of  respondents) + geo-

political zones + bio-demographic characteristics + sexual 
behaviour

M4: η = time2 + fspat(si) + f(Age of  respondents) + geo-
political zones + bio-demographic characteristics + sexual 
behaviour + knowledge indicators

M5: η = time2 + f(Age of  respondents) + geopolitical 
zones + bio-demographic characteristics + sexual behaviour 
+ knowledge indicators

M6: η = time2 + fstr(si) + funstr(si) + f(Age of respondents) 
+ bio-demographic characteristics + sexual behaviour  
+ knowledge indicators

These models were run for all the  respondents (com-
bined for males and females), male only and female only 
data. In the presentation and discussion of results, we pres-
ent models with no spatial component and those with struc-
tured and unstructured spatial components. 

Results 
Table 1 presents findings from the descriptive analysis show-

ing changes in the prevalence of HIV between 2007 and 2012  

nering, transactional sex, i.e., sex in exchange for gifts/favours, 
comprehensive knowledge of  HIV, and state (geographical 
locations) where respondents resided at the time of the sur-
vey. Marital status was grouped into ‘never married’, ‘currently 
married/cohabiting’, and ‘formerly married’ (i.e. separated, 
divorced, or widowed). The state of residence of the respon-
dents was geo-referenced for spatial analysis. Nigeria consists 
of 36 states and a Federal Capital Territory, Abuja. 

Operational definition: Prevalence “is the  proportion 
of a particular population found to be affected by a medical 
condition (typically a disease) at a point in time”. HIV prev-
alence is, therefore, the proportion of all HIV tested respon-
dents who were found positive.

Statistical model and data analysis 

Model

The spatial analysis is based on the concept of the struc-
tured additive regression model for a  binary response. 
The response variable (yijk, zk, vk, rj, si) yijk is the HIV sero- 
status of the jth person living in the ith district/state. The distri-
bution of this response variable belongs to the exponential 
family with mean μ = E(y|z, β) f(y) = θye–y  y > 0 which can 
be linked to a linear predictor η thus:

μ = h(η)         η = z'β
where h is a  response function and β a  regression pa-

rameter. In the  present case, available covariates include 
spatial, metrical and categorical, which can then be consid-
ered within the framework of the generalized additive model 
(27). Following the structured additive modelling, the pre-
dictor ηij can be defined as

    p
ηij = time2 +   ∑ fij (zij) + fspat (si) + vij β                    (1)

 j = 1

where f is the  nonlinear unknown smooth function 
of the covariate age (z), fspat is the nonlinear spatial effect (s), 
which can be divided into structured and unstructured ran-
dom effects, and β is the regression coefficients for the cate-
gorical covariates (v). 

Bayesian inference

Parameter estimation follows a  Bayesian procedure 
where the  different parameters and functions in the  pro-
posed model of the observed data are assigned prior distri-
butions. Independent diffuse priors are assumed on the pa-
rameters of categorical effects, which produce results similar 
to the classical estimation procedure. For the non-linear ef-
fects, a Bayesian P-splines prior based on Lang and Brezger 
[28] and Brezger and Lang [29] was assumed. This enables 
nonparametric estimation of the function f as a linear com-
bination of the basis function (B-splines) 

   m
p(z) =   ∑ αt Bt(z)

 t = 1
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according to some selected characteristics. Generally, the find-
ings show a significant decline in HIV prevalence in 2012 com-
pared to 2007 among currently married and formally married 
subjects for both males and females as well as both combined. 

Considering respondents’ age, HIV prevalence signifi-
cantly increases for respondents in the  age group 15-19 
years. Of concern is the prevalence that doubled in the same 
age group for females. A significant decline in HIV preva-
lence for the age group 25-34 years was evident for the com-
bined and only female respondents, while for the male re-
spondents, a significant decline was only evident in the age 
group 35-49 years. No significant association was evident 
between HIV prevalence and educational attainment. HIV 
prevalence among respondents who resided in urban areas 
witnessed a  significant decline for combined respondents 
and females, but the decline was not significant for the males. 

Findings shown in Table 1 further provide insightful infor-
mation about significant spatial variations in HIV prevalence 
in Nigeria between 2007 and 2012 at the  zonal level. While 
North Central, South East, and South West zones witnessed 
a significant decline in HIV prevalence between 2007 and 2012, 
the  South-South zone witnessed a  highly significant increase  
(p < 0.001) in HIV prevalence in the combined data. 

Respondents in the  poorest and poorer households 
showed an  increase in HIV prevalence between 2007 and 
2012. Only respondents in the  average, richer and richest 
wealth quintiles experienced a  decline during this period. 
A  significant decline in HIV prevalence between the  two 
time points was evident among respondents who never 
had sex in exchange for a  gift/favour, had no non-marital 
sexual act, or never had multiple sexual partners in the last  
12 months. Respondents who had sex in the last 12 months 
also witnessed a  significant decline in HIV prevalence be-
tween 2007 and 2012. Perhaps these ones might have had sex 
within marriage or consistently used condoms. Astonishing-
ly, female respondents who engaged in non-marital sex in 
the  last 12 months witnessed a decline in HIV prevalence. 
Possibly, they practised safer sex. 

While HIV prevalence increased (although not signifi-
cantly) among respondents who had their first sexual expe-
rience before age 15 years, it significantly declined among 
those who experienced sexual activity at age 15 years or 
more (not significant for males). 

A further descriptive analysis was prompted by the find-
ings in Table 1 on possible association of  HIV prevalence 
and marital status vis-à-vis change in HIV prevalence be-
tween 2007 and 2012. 

Table 2 presents a further exploratory descriptive anal-
ysis of HIV prevalence based on marital status. HIV prev-
alence was significantly associated with marital status both 
among males and females in both years of the survey. Across 
all the  selected characteristics of  interest, HIV prevalence 
was significantly higher for female respondents who were 
formerly married than either those currently married or 
never married for both 2007 and 2012. HIV prevalence 
for male respondents in the  age group 15-19 years who 
were currently married is about three times higher than 

that of  their female counterparts. However, the prevalence 
for formerly married female respondents in the  same age 
group is 9.1 compared with no one positive among former-
ly married males. Urban males who were formerly married 
have higher prevalence compared with their counterparts 
in rural areas, and similar differences were noted among 
the  females. Again, geopolitical zones are associated with 
marital status with respect to their HIV prevalence, espe-
cially for female respondents. Almost 15% prevalence was 
found among formerly married women in the  North East 
compared 3% in the South East. HIV prevalence increases 
with wealth quintiles. HIV prevalence vis-à-vis sexual be-
haviour and practices of respondents were also significantly 
associated with their marital status. The HIV prevalence was 
generally higher among those involved in transactional sex 
and multiple sex partnering than those who were not, except 
among formerly married males (3.53 vs. 0.82). Also, across 
all marital statuses, prevalence was higher among those who 
experienced STIs recently. 

Table 3 shows the  values of  the  deviance information 
criterion used in deciding on the  model fits. Apparently, 
model M3 that contains the  total (un-split) spatial effect, 
nonlinear effect of age and all the categorical variables ex-
cept the knowledge indicator has the minimum values, thus 
proving the best fit for all the data sets. But a close look at 
the  values reveals that the  fits of  M3 are a  slight improve-
ment over M4, which includes the knowledge variable, while 
model M1 provides the worst fit. Model M4 is of particular 
interest in our results, because it contains all the  variables 
considered.

Table 4 presents the estimates for the fixed effect param-
eters based on the  posterior odds ratio and 95% credible 
intervals from logit models. The  findings show that there 
was a significant decline in HIV between 2007 and 2012 for 
the combined data, but this was not significant for the male 
data when considered separately. Similarly, based on educa-
tional level, the results show that HIV prevalence was higher 
among respondents who attained a  primary or secondary 
educational level compared with those with no education, 
but this was not significant in any of the split data sets. Based 
on geopolitical zones, the  results show lower odds of HIV 
among respondents in the South East zone compared with 
those residing in the North Central zone, and this was signif-
icant for the combined, male and female data. Results based 
on the wealth index reveal that compared with respondents 
from the  poorest households, HIV prevalence was high 
among those from the average, richer and richest households, 
and this was significant in the combined and split data sets. 
Currently married respondents have higher odds of  con-
tracting HIV compared with those not married, but this was 
not significant when the respondents were considered based 
on their gender. Among all the respondents, those who initi-
ated sexual activities before age 15 years have a significantly 
higher likelihood of  contracting HIV than those who had 
not had sex at the time of the survey. The results also show 
that male respondents have lower odds of contracting HIV 
compared with their female counterparts. 
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The nonlinear effects of  respondents’ age are presented 
in Figure 1A-C for all, male and female respondents. The re-
sults show a similar pattern for all the three datasets, implying 
that HIV prevalence is peak among middle-age individuals 
(around age 30-40 years), from where it declines with age. 

The results of  the  spatial effects are presented in Figure 
2A-F for all, male and female respondents. The figure shows 
the maps of the spatial effects (left panel) and those of cred-
ible intervals (right panel) used in deciding the significance 
of the estimated spatial effects. The states shaded in white in 

Table 3. Values of model diagnostic criteria, DIC

Model Female Male Combined 

M1 4491.450 4491.702 9421.422

M2 4427.122 4427.950 9229.474

M3 3726.026 3725.495 8031.003

M4 3727.541 3727.583 8033.177

M5 4476.803 3911.901 8354.713

M6 4293.478 3725.519 8033.145

Table 4. Posterior means and 95% credible intervals for the three models considered for female respondents

Variables

Combined Male Female

Posterior 
mean 

95% Cr. interval Posterior 
mean 

95% Cr. interval Posterior 
mean 

95% Cr. interval

Lower Upper Lower Upper Lower Upper 

Year of study 0.827 0.721 0.949 0.840 0.671 1.052 0.836 0.679 1.048

Qur’anic 1.046 0.754 1.428 0.972 0.637 1.359 0.951 0.627 1.490

Primary 1.536 1.244 1.935 0.972 0.690 1.359 0.959 0.702 1.355

Secondary 1.447 1.167 1.804 0.919 0.671 1.288 0.913 0.657 1.269

Higher 1.037 0.786 1.381 0.676 0.439 1.026 0.667 0.458 1.006

Urban 1.027 0.858 1.229 0.926 0.704 1.210 0.925 0.710 1.187

North West 1.227 0.431 3.733 1.609 0.461 5.258 1.942 0.605 6.621

North East 1.151 0.353 3.503 1.310 0.411 4.337 1.484 0.368 5.241

South West 1.038 0.317 3.249 1.301 0.358 4.808 1.347 0.368 5.241

South South 0.530 0.180 1.563 0.776 0.220 2.847 0.708 0.199 3.143

South East 0.256 0.093 0.747 0.216 0.062 0.833 0.208 0.055 0.872

Poorer 1.015 0.825 1.251 1.117 0.821 1.531 1.132 0.826 1.558

Average 1.424 1.163 1.754 1.540 1.122 2.143 1.557 1.124 2.115

Richer 1.433 1.120 1.186 1.563 1.104 2.236 1.583 1.126 2.235

Richest 1.489 1.128 1.970 1.702 1.142 2.577 1.711 1.141 2.562

Currently married 1.874 1.346 2.260 0.993 0.495 1.939 0.990 0.472 1.925

Formerly married 1.170 0.920 1.501 1.216 0.849 1.735 1.228 0.863 1.734

Transactional sex 1.114 0.890 1.365 1.162 0.820 1.582 1.151 0.819 1.567

Had multiple sexual partners 1.161 0.981 1.391 1.199 0.972 1.476 1.202 0.975 1.495

Current sexual activities 0.945 0.762 1.167 1.148 0.824 1.644 1.137 0.811 1.633

Non-marital sexual practices 1.081 0.849 1.361 0.766 0.569 1.038 0.772 0.561 1.060

Sexual debut at < 15 years 5.999 2.496 27.956 0.00 0.000 0.001 0.568 0.000 266.459

Can’t remember age at 
sexual debut

6.774 2.496 32.812 0.000 0.000 0.001 0.599 0.000 287.323

Sexual debut at ≥ 15 years 6.517 2.656 30.417 0.000 0.000 0.001 0.471 0.000 224.589

Experienced STIs in the last 
3 months

1.001 0.999 1.002 1.002 1.000 1.003 1.002 1.000 1.003

Comprehensive knowledge 
of HIV

1.000 0.999 1.000 1.000 0.999 1.000 1.000 1.000 1.000

Male 0.829 0.713 0.958 NA NA NA NA NA NA

NA – not applicable
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the left panel maps are those with significantly higher prev-
alence of HIV, those in black are those with a significantly 
lower prevalence, while estimates for states shaded in grey 
are not significant. The results show a similar pattern of sig-
nificance for the three data sets. Specifically, for all respon-
dents, HIV prevalence is significantly higher in neighbour-
ing Benue Nasarawa and Abuja as well as in neighbouring 
Imo, Rivers and Akwa Ibom states, but significantly lower in 
Ekiti, Kebbi, and Zamfara states. For the male respondents, 
the findings show significantly higher prevalence in Benue, 
Nasarawa, Taraba, Rivers and Akwa Ibom states but lower in 
only Zamfara state, while for the female respondents, higher 
prevalences are recorded in Abuja, Benue, Nasarawa, Riv-
ers and Akwa Ibom states but lower in Kebbi and Zamfara 
states.

Discussion
This study was performed to explore possible geograph-

ical variations in HIV prevalence among the  general male 
and female population based on two waves of  the Nation-
al HIV/AIDS and Reproductive Health Surveys. We found 
significant spatial variations at a highly disaggregated level 
of states in Nigeria. The nonlinear effects of respondents’ age 
show a similar pattern of HIV prevalence for male, female 
and the  combined respondents, implying that HIV preva-
lence is peak among middle-aged individuals, from where it 
declines with age. Also, the results reveal a downward change 
in HIV prevalence in Nigeria between 2007 and 2012. 

HIV prevalence was generally lower among the current-
ly married respondents than the formerly married respon-
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Figure 1. Nonlinear effect of age for A) all respondents, B) male respondents and C) female respondents. Included are the 95%  
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Figure 2. Maps of Nigeria showing the spatial effects for A) all respondents and B) the corresponding map of significance, C) for 
male respondents and D) the corresponding map of significance, E) female respondents and F) the corresponding map of signifi-
cance

B

C D

E F

–1.1729          0          1.6183            –1        0          1

           –1        0          1

           –1        0          1

–1.3269          0          1.4336

–1.4965          0          1.5778

A



Bayesian geo-additive modelling of spatial variations of HIV 259

HIV & AIDS Review 2019/Volume 18/Number 4

dents, but least among never-married respondents. Similar 
outcomes have been reported in previous studies  [33, 34]. 
Whereas it could be very alarming to note the decline from 
10.59% in 2007 to 5.92% in 2012 (about 50% reduction) in 
the prevalence among formerly married women, it is wor-
risome to see the increase in HIV prevalence from 2007 to 
2012 among the single or never-married respondents (com-
bined, male and female). Although this was not significant, 
it however calls for action to mitigate against a further rise in 
HIV prevalence in Nigeria.

We found significant spatial variations in HIV preva-
lence in Nigeria between 2007 and 2012 at the zonal lev-
els. Generally, there is a decline in HIV prevalence for fe-
male (significant for North Central and South West), but 
a  significant increase was noted for males in the  North 
East. Similar geographical variations have been reported  
earlier [35].

Shockingly, HIV prevalence increased between 2007 
and 2012 among the respondents who said they had never 
had sex. This leaves many questions to be answered and in-
deed mysteries to be unravelled! Is it that the  respondents 
did not answer the  questions sincerely? Could they have 
contracted it through other, non-sexual modes of transmis-
sion? Or could it be due to false disclosure of  sexual acts? 
Although there are other ways of HIV transmission besides 
sexual intercourse, sexual transmission is the main channel 
of  HIV transmission  [14, 15, 20]. This worrisome finding, 
therefore, gives room for the possibility that the “never had 
sex” respondents might have been infected through other 
channels, such as mother-to-child transmission, injections, 
sharing of  sharp objects, or blood transfusion. Neverthe-
less, the prevalence of 1.6% in 2007 and 2.3% in 2012 found 
among the “never had sex” population is generally low com-
pared with 6.9% found among virgins in a  South African 
study, although the  prevalence among the  sexually active 
people in the study was as high as 15.9% [33].

Our finding that an  association existed between HIV 
prevalence and marital status vis-à-vis change in HIV preva-
lence between 2007 and 2012 is worthy of note. With former-
ly married women (divorced, separated or widowed) having 
the highest HIV prevalence, it is important to explore this 
further to understand major confounders of HIV prevalence 
and marital status. A similar study [19, 20] corroborated this 
but with a less flexible approach that can permit spatial esti-
mation at highly disaggregated state levels.

HIV prevalence was significantly higher for female re-
spondents who were formerly married than either those 
currently married or never married for both 2007 and 2012. 
Similar variations have been documented [20, 36]. The zero 
prevalence found among formerly married males across 
some characteristics could be ascribed to the low sample size 
in that category. Ordinarily, most males are never married 
at age 15, making it uncommon to come across males aged 
15-19 years who were already formerly married. Education-
al attainment is significantly associated with marital status 
with respect to HIV prevalence among female respondents 
up to secondary education.

Our findings on the effects of respondents’ age revealed 
that a similar pattern exists for both males and females with 
HIV prevalence peaking at middle age. This might be ex-
pected since studies have shown that in most sub-Saharan 
African countries, fertility, which is a product of sexuality, is 
peak among this age group [37].

Conclusions
This study was motivated by the need to disentangle 

the spatial distribution of HIV prevalence in Nigeria. This 
is particularly important considering the renewed efforts 
by the government to combat the spread of the infectious 
disease in Nigeria. The descriptive aspect of the study has 
revealed a downward trend in HIV prevalence in Nigeria 
between 2007 and 2012 and this was found to be signif-
icant in the  case of  all the  respondents in the  Bayesian 
spatial model. Some sub-Saharan African countries with 
high prevalence of  HIV have equally been reported to 
have recorded downward trends in recent years, a situa-
tion attributed to improved knowledge as a result of ag-
gressive campaigns by government and non-governmen-
tal agencies in addition to increased use of contraceptives 
[38, 39]. More sustained and yet effective strategies 
that could avert increased incidence especially among 
the  most-at-risk individuals in the  country still need to 
be put in place. 

Like findings from other studies [40], the study has also 
found the  prevalence of  HIV higher among women than 
their male counterparts. The patriarchal system in Nigeria 
ensures weaker women’s rights such that they have little or 
no control over issues pertaining to their health, including 
the use of contraceptives. In this setting, they are more ex-
posed to the  risks of HIV even if they are married to one 
husband, who may have more than one wife or may be hav-
ing extramarital sexual activities. An effective intervention 
strategy should, therefore, include efforts to ensure that 
women are empowered irrespective of  their marital status, 
to protect themselves against risky behaviours that could 
increase their probability of  contracting HIV or any other 
infectious diseases. 

The method of  spatial analysis allows for segregating 
the  prevalence by states such that one can determine lo-
cations with significantly higher or lower prevalence. 
The  prevalence of  HIV varies considerably according to 
the respondents’ geographical locations. This provides in-
sight into the  effective utilization of  the  scarce resources 
which can be achieved through cost-effective HIV preven-
tion strategies by proper prioritization of needs. State-spe-
cific interventions that could achieve a  downward trend 
in states with higher prevalence need to be adopted. This 
could include some cultural and behavioural changes suit-
able to those locations and that can be easily accepted by 
the locals. On the other hand, intervention strategies that 
could ensure behavioural maintenance need to be adopted 
so that the successes attained in those locations would not 
be eroded with time.
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