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Abstract

The lack of sufficient knowledge of mother to child transmission (MTCT) of human immuno-
deficiency virus (HIV) among pregnant women is considered a major contributor to new
pediatric HIV infections globally, and increasing HIV related infant mortality especially in
developing countries. Nigeria has the highest number of new HIV infections among children
in the world. This study was designed to examine the spatial pattern and determinants of
acquisition of sufficient knowledge of MTCT and prevention of mother to child transmission
(PMTCT) in Nigeria. The data used in the study were extracted from the 2018 Nigeria Demo-
cratic Health Survey. The spatial modeling was through a Bayesian approach with appropri-
ate prior distributions assigned to the different parameters of the model and inference was
through the integrated nested Laplace approximation technique (INLA). Results show con-
siderable spatial variability in the acquisition of sufficient knowledge of MTCT and its preven-
tion with women in the southwestern and southeastern part of the country having higher
likelihood. The nonlinear effects findings show that acquisition of sufficient knowledge of
MTCT and PMTCT increased with age of women and peaked at around age 35yearswhere
it thereafter dropped drastically among the older women. Furthermore, sufficient knowledge
of MTCT and PMTCT was found to be driven by ethnicity, respondents’ education and
wealth status.

1. Introduction

Globally, sub-Saharan Africa accounts for the largest burden of human immunodeficiency
virus (HIV) among the adults and children [1]. Specifically, out of the 39 million people living
with HIV worldwide [2], about 67% reside in sub-Saharan Africa; 41% are women aged 15
years and older, and approximately 80% of these women live in sub-Saharan Africa [3]. Nigeria
is second to South Africa in the number of people living with HIV/AIDS worldwide, repre-
senting 9% of the global burden of the disease [4].

In recent years, the various efforts and strategies put in place by different international and
national bodies in the fight against the continued spread of HIV has witnessed a significant
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decline in the incidence of morbidity and mortality occasioned by the infection globally [5]. How-
ever, published reports have shown that this positive development is being threatened by the con-
tinued rise in the number of new infections [5, 6], much of which can be traced to sub-Saharan
Africa. In 2017, according to the joint United Nations program on HIV/AIDS (UNAIDS) esti-
mates, 159,000 of the 180,000 new infections among children globally occurred in sub-Saharan
Africa, and Nigeria alone accounted for 23% of these new infections in the sub-region. Though
Nigeria was able to record a 26% decrease in the number of AIDS-related deaths between 2010
and 2017 from 72,000 to 53,000, the number of new HIV infections rose, however, from 120,000
to 130,000 in the same period [7]. According to the National Agency for the Control of AIDS
(NACA), Nigeria has more HIV-infected babies than anywhere in the world [8, 9].

Studies have shown that the major medium of transmission of HIV virus from mother to child
has been through pregnancy, delivery and breastfeeding, accounting for 90% of cases [1, 4, 10-
13]. This is referred to as mother-to-child transmission of HIV (MTCT), also known as vertical
transmission of HIV. Several countries, including Nigeria have made remarkable effort towards
elimination of vertical transmission of HIV [5, 14] through the use of antiretroviral therapy
(ART) and prevention of mother to child transmission (PMTCT) programmes. Nigeria intro-
duced PMTCT in 2001 but the poor performance of the programme when compared with other
countries, some of which are less economically viable, has been of great concern to local authori-
ties [8]. For example, despite its scaled—up response for PMTCT over the years, Nigeria still con-
tributes the greatest number of infants infected with HIV worldwide [8, 12, 15].The reason has
been identified to be low accessibility of PMTCT services which has made it difficult to identify
pregnant women with HIV and thus exposing the unborn babies to HIV infections before and
after delivery. A major gap identified by various reports for the low uptake of PMTCT services
has been insufficient knowledge of MTCT and its prevention [16]. The information pregnant
women receive about MTCT and PMTCT play an important role in access and utilization of
PMTCT services. Sufficient knowledge of MTCT and PMTCT is expected to engender positive
attitude by pregnant women towards PMTCT services. In a study undertaken in two health facili-
ties in eastern Nigeria, a significant association was reported to exist between knowledge and utili-
zation of PMTCT services among HIV positive pregnant women [16]. It has also been established
that knowledge of MTCT and its prevention is correlated with the desire to have knowledge of
one’s HIV status and to seek for an HIV testing center [17, 18]. Given this scenario, there is the
need for an evidence based study that examines the driving factors of acquisition of sufficient
knowledge of MTCT and PMTCT among pregnant women in Nigeria. Most health indicators
including health-seeking behaviour by women in Nigeria have been reported to vary substantially
across geographical locations [19]. Consequently, this pattern of variation could impact on the
women’s knowledge of available health services particularly those related to HIV preventive mea-
sures, and this needs to be taken into account when analyzing women’s knowledge of MTCT and
PMTCT. Such study would be of great benefit in identifying areas of low and high risks which
will, in turn, enhance intervention efforts and implementation of relevant policy strategies in
eradicating MTCT and significantly reducing or even eliminating the HIV pandemic by the year
2030 as conceived by the Sustainable Development Goal 3.3 (SDG 3.3). It is pertinent to note that
studies conducted on this issue have been limited to understanding the associated determinants
in different parts of the country. To our knowledge, there has been no study that examines the
spatial patterns of women’s knowledge of MTCT and PMTCT in Nigeria. Consequently, this
study was designed to analyse the spatial distributions of the knowledge of MTCT and PMTCT
among women of reproductive age in Nigeria employing robust techniques that can accommo-
date variables of different types. In this regard, the study has appealed to the use of structural addi-
tive regression method where both the functional forms of metrical variables and spatial parts can
be simultaneously combined and treated as component variables of a single equation. Findings
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from the study would aid understanding of locations across Nigeria where the knowledge of these
important HIV prevention initiatives are limited among these women.

2. Methods
2.1 Study design and setting

The data used for the study were extracted from the Nigeria Demographic and Health Survey
(NDHS) conducted in 2018. The data source is considered appropriate for the study because
the observations are geographically referenced that permits spatial modeling. The sampling
frame used for the survey was created using that of the 2006 Nigerian Population and Housing
Census. The sampling units were defined based on the enumeration areas (EAs) used for the
census frame. A stratified two-stage sampling design was used to select the sample. The first
stage sample included 1400 clusters (sampling units) made up of 577 in urban areas and 813 in
rural areas from where a total of 41,821 households were selected. A total 0f40,427 women
were found eligible for interview in the households and there was a 96.7% response rate. The
data analysed came from 34,837 women of reproductive age who have complete information
on the five relevant questions from which information on MTCT and PMTCT were derived.

2.2 Outcome variable

Similar to [5, 20], the outcome variable in this study was considered to be sufficient knowledge of
MTCT and PMTCT. To arrive at this, five relevant questions were asked during the survey
namely: (i) “Have you ever heard of HIV or AIDS?” (ii) “Can HIV be transmitted from a mother
to her baby during pregnancy?” (iii) “Can HIV be transmitted from a mother to her baby during
delivery?” (iv) “Can HIV be transmitted from a mother to her baby during breastfeeding?” (v)
“Are you aware of drugs to avoid HIV transmission to baby during pregnancy?” Responses to
each of the questions were coded as 1 if responded gave a yes answer and 0 if no. A respondent
with a total score of 5 was regarded as having sufficient knowledge of MTCT and PMTCT while a
respondent with less than a total score of 5 was regarded as having insufficient knowledge of
MTCT and PMTCT. A binary composite variable was therefore created based on the scores.

2.3 The independent variables

The individual level covariates were demographic variables such as respondent’s current age,
place of residence, state (district), marital status, religion, highest educational level attained,
ethnicity, wealth index and level of access to mass media (frequency of reading newspaper, lis-
tening to radio and watching television).

Table 1 presents the descriptive statistics of all women included in the study. The mean age
of the 34,837 respondents was 29.6 years, out of which 17.9% were less than 20years old, 34.2%
between 20 and 29years, 28.4% were between 30 and 39 years and 19.6% were 40 years and
above. Majority of the respondents reside in rural areas (58.0%) and about equal proportions
of the respondents belong to the two major religions, Christianity (51.3%) and Islam (47.9%),
practiced in the country. Furthermore, the three major ethnic groups in Nigeria were repre-
sented in the study population as follows: Hausa/Fulani (31.9%), Igbo (17.1%) and Yoruba
(12.8%). All other minority tribes in the country totaling about 250 were grouped together to
form the remaining 38.2%. Majority of the respondents were in union (75.9%), and currently
working at the time of the survey (66.3%). However, a high percentage of the women were
either not educated (31.9%) or completed secondary school (41.4%). The proportions of
respondents in the different wealth quintiles were almost equal though those in the middle and
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Table 1. Summary of individual covariates analysed.

All women respondents

Variables Number of respondents Percentage (%)
Place of Residence

Urban 14625 42.0
Rural 20212 58.0
Current marital status

Never married 8409 24.1
Ever married 26427 75.9
Religion

Others 260 0.8
Christians 17879 51.3
Islam 16698 47.9
Ethnicity

Others 13301 38.2
Hausa/Fulani 11097 31.9
Igbo 5970 17.1
Yoruba 4469 12.8
Woman’s highest educational level

No education 11134 32.0
Primary 5289 15.2
Secondary 14417 41.3
Higher 3997 11.5
Wealth Index

Poorest 5914 17.0
Poorer 6650 19.1
Middle 7433 21.3
Richer 7742 22.2
Richest 7098 20.4
Respondent’s working status

Currently working 23104 66.3
Not currently working 11733 33.7
Access to mass media

Newspaper

Yes 5744 16.5
No 29122 83.5
Radio

Yes 20058 57.6
No 14779 42.4
Television

Yes 18338 52.6
No 16499 47.4
Talked about testing for HIV during antenatal visit

Yes 9384 77.2
No 2766 22.8

Woman’s age at the time of survey

A continuous variable measured in year

Woman’s age at marriage (ever-married women)

A continuous variable measured in year

https://doi.org/10.1371/journal.pone.0253705.t001
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richer quintiles were slightly higher (21.3% and 22.2%) respectively. Half of the women
watched television at least once in a week, radio (57.6%), and newspaper, a dismal 16.5%.

Table 2 presents the summary of the proportions of women with sufficient knowledge of
MTCT and PMTCT. The Table shows that 100% of the respondents have heard of HIV and
AIDS, out which 77.2% have the knowledge of MTCT during pregnancy, 82.3% during deliv-
ery and 94.3% during breastfeeding. Furthermore, 85.3% alluded to knowledge of the existence
of drugs to prevent MTCT of HIV. Consequently, a composite score of the five variables that
constitute sufficient knowledge of MTCT and PMTCT in this national study reveals that
59.2% of the women have the sufficient knowledge in Nigeria. An earlier study held in a health
facility in a section of the country by [21] put the percentage of women with sufficient knowl-
edge of MTCT and PMTCT at 78%.

2.4 Statistical analysis

Lety; i =1,...,n, be a random variable indicating whether or not a pregnant woman i has suffi-
cient knowledge of MTCT and PMTCT. Then y; is said to follow a binomial distribution with
parameter p;, the probability of success, where p; is taken to be the proportion of pregnant
women with sufficient knowledge of MTCT and PMTCT. If a set of explanatory variables
denoted by x;, i = 1,. . .,k are associated with y;, then the binary response variable can be mod-
eled conditional on the covariates by using a binary logistic regression [22]. The logistic model
is given by

glp) = 10%(%) =, =B+ Bx, +...+Bx; (1)

i

where 1), is the model predictor, 3, is the regression constant term, and fy is the regression
coefficient for the k-th explanatory variable. Two metrical variables that are relevant to the

Table 2. Knowledge of MTCT and PMTCT among women (15-49 years) in Nigeria in 2018 (N = 34837).

Knowledge of MTCT and PMTCT Number of respondents | Percentage
Ever heard HIV and AIDS

No 1 0
Yes 34836 100.0
HIV transmitted during pregnancy

No 7950 22.8
Yes 26887 77.2
HIV transmitted during delivery

No 6166 17.7
Yes 28671 82.3
HIV transmitted during breastfeeding

No 1993 5.7
Yes 32844 94.3
There are drugs to avoid HIV transmission to the child during

pregnancy

No 5138 14.7
Yes 29699 85.3
Knowledge of MTCT and PMTCT

Insufficient 14226 40.8
Sufficient 20611 59.2

https://doi.org/10.1371/journal.pone.0253705.t1002
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study, respondent’s age and age at the time of first birth (z; and z,) were included as explana-
tory variables. We therefore appeal to the use of non-parametric approach to take care of the
effects of the metrical variables as they cannot be described in simple functional forms. The
geo-referenced location of residence of the respondents was represented in a discrete form, s;,
and used in the analysis. Based on the instrumentality of the concept of structural additive
regression, the logistic model in Eq (1) is then extended to capture the different types of vari-
ables at once through the structural additive model defined as

g2 ) = S (e +£66) + 8 @
i

where fi,. . .ﬁ, represent the nonlinear functions considered for the metrical variable and f;, the
nonlinear spatial effect of the discrete spatial covariates.

The common approach of estimating the parameters of a structured additive model is the
Bayesian approach, where the parameters and functions are considered to be random variables
and prior distributions are assigned to them. For the linear parameters, we assumed a vague
normal prior with mean zero and small precision 7°. The nonlinear effects of the metrical
covariates were modeled by assigning a second order Gaussian random walk described as

B, = 2Bj—1 - ﬁj—? +u,

where u, is iid and N(0, ) with the variance, 7* controlling the smoothness of the B-spline
function. A weakly informative inverse Gamma prior, 7~IG (a, b) is assigned to the variance.
For the spatial component, a common approach in spatial statistics is to adopt a Gaussian Mar-
kov random field prior [23]. It is given as

VS(S)VS(t)?t#S,ﬁ]NN{Z £.(t) TT

t€d), N |?
: NS NS

where Nj is the number of adjacent regions and t€0, denotes that region t is a neighbor of
other regions.

The posterior distribution for model of this nature cannot be handled analytically, conse-
quently, inference in this study was based on Integrated Nested Laplace Approximations
(INLA) as implemented in R-INLA, a packaged built within the R statistical package for
approximating complex Bayesian models [24]. Further details on structured additive regres-
sion models and other different parameters that can be accommodated including the estima-
tion procedure can be found in Fahrmeir et al. [22].

2.5 Model building

To analyze the data, three models of different specifications, starting from the simplest to the
more complex ones were examined. The basic or primary model (M1) included only the geo-
graphical areas as random effects. The aim was to determine the crude variations in women
acquisition of sufficient knowledge of MTCT and its prevention among the states of Nigeria
without adjusting for any covariates. Subsequent addition of covariates helps us to understand
their effects on the response variable. The second model (M2) was fitted adjusting for the
covariates and the non-linear effects. Finally, random effects at household and community lev-
els were included to take care of unobserved heterogeneity that may be present in the data.
The various models explored are the following:

Model M = S;

Model Mnijx; = My + X7 + f(current age of woman) + f(number of ANC visits) + f(wom-
an’s age at marriage)
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Table 3. Summary of model diagnostic criteria.

Model Model Diagnostic
M1 DIC
M2 DIC
M3 DIC

https://doi.org/10.1371/journal.pone.0253705.t003

All women of reproductive age Ever-married women
43706.92

43440.04 20926.58

42113.19 20314.44

Model Msn;ix; = M3 + ik + vijwhere the effects are fixed (y), random (g, v;), non-linear
(f) and spatial (S;)

The data were first analysed for all women respondents (ever-married and never-married)
by using Models M;—Mj;. The analyses were then repeated for ever-married respondents who
reported to have either attended ANC or not during pregnancy. This was to enable us measure
the effect of marital and partner-related covariates on the acquisition of knowledge of MTCT
and PMTCT. This is because never-married women did not have partners for which data
could be collected. Model diagnostic was based on deviance information criterion (DIC). The
model regarded as the best is the one with the lowest DIC value [25].

The model diagnostic statistics for all the models examined are presented in Table 3. The
table presents the results for all women respondents and ever-married respondents separately.
For both data sets, the DIC for model M3 has the smallest value, revealing that controlling for
random effects at both household and community levels in a single model provided the best
fit. Discussion of results is therefore based on Models M1 and M3.

3. Results

Fig 1 presents the spatial effects of the pregnant women with the sufficient knowledge of
MTCT of HIV and its prevention. Parts (a) and (c) of the figure present the maps of posterior
means for all women respondents while (b) and (d) show the maps of the location of the 95%
credible intervals respectively. Also, part (e) shows the map of posterior means for ever-mar-
ried women respondents while (f) shows the map of the location of the 95% credible intervals.
The credible intervals were used in deciding the significance of the posterior mean estimates.
From the maps of credible intervals, states in purple (red) shading are places where the esti-
mates for respondents’ sufficient knowledge of MTCT and PMTCT are significantly higher
(lower) whereas, estimates for states shaded in white colour are not significant. The geographi-
cal pattern of the crude probability of acquisition of sufficient knowledge of MTCT and
PMTCT (Fig 1A and 1B) reveals a strong spatial inequality among the states with those in the
south-west and most parts of South-east having significantly higher chances of acquiring the
required knowledge, whereas most states located in the south-south and North-eastern parts
of the country have significantly lower chances of acquiring the required knowledge. However,
estimates for Sokoto, Katsina, Niger Rivers and Lagos states are not significant. There is, how-
ever, a slight change in the pattern after adjusting for covariates and unobserved heterogeneity.
The net effect reveals that respondents living in the southwestern part of Nigeria: Oyo, Ogun,
Ekiti, and Osun states excepting Ondo state were significantly more likely to have acquired suf-
ficient knowledge of MTCT and PMTCT while the those resident in the whole of North East-
ern region specifically Borno, Bauchi, Yobe, Adamawa, Taraba, and Gombe states were
significantly less likely to have sufficient knowledge of MTCT and PMTCT. Furthermore, in
the South-south region, prevalence of sufficient MTCT and PMTCT knowledge was signifi-
cantly higher among pregnant women in Bayelsa state only, but significantly lower in Edo and
Delta states while estimate for Rivers, Cross-River, and Akwa-Ibom states are not significant.
The southeastern states of Enugu, Ebonyi, and Abia are associated with pregnant women who
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Fig 1. Estimated posterior mean spatial effects of Models (a) M1 and (b) its corresponding 95% posterior probability; (c) M3 for all women
respondents and (d) its 95% posterior probability; and M3 for ever-married respondents and (f) its 95% posterior probability.

https://doi.org/10.1371/journal.pone.0253705.9001

have higher likelihood of sufficient knowledge of MTCT and PMTCT while those resident in
Anambra and Imo states had lower chances. The only states in the core northern Nigeria
where pregnant women were more likely to possess sufficient knowledge of MTCT and
PMTCT were Kano and Jigawa located in the North-West region. Pregnant women in all the
other states in the Northwest were either less likely or the estimates are not significant.

Spatial effects for the ever married respondents in (Fig 2E and 2F) show that acquisition of
sufficient knowledge of MTCT and its prevention is highly prevalent among women in the
same states as that of all women respondents except in Niger state where there was no
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https://doi.org/10.1371/journal.pone.0253705.g002

significant association. Similarly, acquisition of sufficient knowledge of MTCT and PMTCT
was significantly lower in the same states as that of all women respondents except in the
South-south state of Cross River where there was non-significant association.

Estimates for the nonlinear effects of the pregnant women’s current age as at the time of the
survey, woman’s age at marriage, and the number of antenatal visits during pregnancy, on the
acquisition of sufficient knowledge of MTCT and PMTCT, are presented in (Fig 2A-2D). The
posterior means are represented by the middle lines, flanked by the 95% credible intervals.

Results show similar pattern for current age of women at the time of the survey for both all
women (Fig 1A) and ever-married women (Fig 1D) respondents. Acquisition of sufficient
knowledge of MTCT and PMTCT increased for every unit increase in age until around age
35years from where it reduced drastically among the older women. This shows that in Nigeria,
younger women under 35 years of age have more chances of being conversant with the knowl-
edge of MTCT and its prevention than the older women. Fig 1B however shows acquisition of
sufficient knowledge of MTCT and PMTCT remained at zero level among pregnant women
whose age at first birth was below 20 years. The pattern thereafter changed considerably,
revealing a direct linear relationship between age at first birth (from 20 years and above) and
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acquisition of sufficient knowledge of MTCT and PMTCT. This information signifies that the
older women (women who were advanced in age) at the time of first birth possess more
chances of acquiring sufficient knowledge of MTCT and PMTCT than those who start child
bearing at younger ages. Acquisition of sufficient knowledge of MTCT and PMTCT was found
to be directly related to the number of antenatal visits made by pregnant women (Fig 1C), indi-
cating that the likelihood of acquiring sufficient knowledge of MTCT and PMTCT increases
for every unit increase in the number of ANC visits.

Table 4 shows the posterior odds ratio and 95% credible intervals for the determinants of
sufficient knowledge of MTCT and PMTCT. The results show that the likelihood of pregnant
women in Nigeria having sufficient knowledge of MTCT and PMTCT was significantly associ-
ated with ethnicity, respondents’ education, and wealth status. Specifically, the study revealed
that pregnant women who were of Yoruba ethnic extraction were more likely to possess suffi-
cient knowledge of MTCT and PMTCT compared with pregnant women from other ethnic
groups. Pregnant women who attained secondary or higher level of education had higher odds
of sufficient MTCT and PMTCT. Likewise, the results show that women in the richest class of
the society have significantly higher odds for acquiring sufficient knowledge of MTCT and
PMTCT. On the other hand, women who were never married were less likely to have sufficient
knowledge of MTCT and its prevention when compared with their ever-married counterparts.
Similarly, women who watched television or listen to radio at least once a week had signifi-
cantly lower odds of having sufficient MTCT and PMTCT. In addition, this study found no
association between sufficient knowledge of MTCT and PMTCT and the two major religions
practiced in Nigeria (Christianity and Islam) and place of residence (whether rural or urban).
The average probability of a woman of reproductive age in Nigeria acquiring sufficient knowl-
edge of MTCT and PMTCT was estimated to be 0.7.

Results for ever-married respondents presented in Table 4 show that when compared with
all women respondents, ever-married women who had partners with academic attainment not
more than primary education had significantly lower likelihood of acquiring sufficient knowl-
edge of PMTCT and PMTCT. Findings for other variables are similar to those of all women
respondents. However, results show that though ever-married women in the richest class of
the society also have higher odds for acquiring sufficient knowledge of MTCT and PMTCT, it
was not significant.

4. Discussion

The spatial pattern and determinants of sufficient knowledge of mother to child transmission
and prevention has been analysed out using a structured additive modeling approach. The
results show a strong spatial variability that exists among the various states of Nigeria. Preg-
nant women with sufficient MTCT and its prevention were shown to be more prevalent in the
southern states than in the northern states with the states located in the northeast being the
greatest culprit. This could be attributed to the fact that the women from southern Nigeria are
more educated and economically advantaged than those in the north. Economic empower-
ment or wealth and educational attainment of the respondents have been shown in this study
to constitute the major driving factors for sufficient knowledge of MTCT and its prevention in
Nigeria [see Table 2]. Furthermore, the spatial distribution of states with sufficient knowledge
of MTCT and its prevention tends to reflect the pattern followed by the spatial distribution of
antenatal care utilization by pregnant women in Nigeria as reported by [19]. This reflection
tends to establish various reports of a positive relationship existing between knowledge of
MTCT and PMTCT services and attendance at antenatal care facilities [4, 5, 8, 16]. This is fur-
ther confirmed by Fig 2C which shows that the higher the number of ANC visits a pregnant
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Table 4. Posterior odds ratio for the linear parameters of socio-economic and demographic variables.

Variables All Women Ever-married women

mean 0.025quant 0.975quant mean 0.025quant 0.975quant
Intercept 2.242 1.627 3.115 1.197 0.636 1.769
Media
Others 1 1 1 1 1 1
Newspaper 0.967 0.9 1.039 0.89 0.791 1.003
Television 0.818 0.766 0.873 0.825 0.749 0.908
Radio 0.947 0.895 1.001 0.871 0.804 0.944
Ethnicity
Others 1 1 1 1 1 1
Igbo 1.052 0.919 1.203 1.2 0.969 1.487
Yoruba 1.159 1.009 1.329 1.334 1.075 1.654
Hausa_ Fulani 1.043 0.955 1.141 1.082 0.962 1.219
Religion
Others 1 1 1 1 1 1
Islam 0.789 0.569 1.086 0.725 0.449 1.153
Christians 0.785 0.569 1.073 0.799 0.497 1.262
Education
No-education 1 1 1 1 1 1
Primary 1.035 0.956 1.121 0.946 0.844 1.06
Secondary 1.084 1.001 1.173 1.015 0.899 1.146
Higher 1.371 1.228 1.531 1.26 1.044 1.52
Wealth
Poorest 1 1 1 1 1 1
Poorer 1.016 0.94 1.099 1.06 0.956 1.175
Middle 0.996 0.915 1.084 1.096 0.974 1.232
Richer 1.067 0.969 1.175 1.095 0.952 1.26
Richest 1.153 1.032 1.288 1.21 1.02 1.438
Place of residence
Rural 1 1 1 1 1 1
Urban 1.061 0.999 1.126 1.077 0.984 1.177
Working status
Unemployed 1 1 1 1 1 1
Employed 0.873 0.827 0.922 0.839 0.776 0.906
Marital Status
Ever married 1 1 1) - - -
Never married 0.799 0.741 0.86 | - - -
Partner/Husband’s Education
No Education - - - 1 1 1
Primary - - - 0.86 0.765 0.967
Secondary - - - 0.977 0.876 1.089
Higher - - - 0.965 0.839 1.108

https://doi.org/10.1371/journal.pone.0253705.t004

woman make, the higher the likelihood of acquisition of sufficient knowledge of MTCT and its

prevention.

The revelation that the acquisition of sufficient knowledge of MTCT and PMTCT is lower
among the older women beyond age 35yearsin Nigeria is consistent with a research finding
that showed that older women had lower level of knowledge on PMTCT in Ethiopia [26]. This
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could be attributed to the fact that older women may have lesser opportunities for education
than the younger ones, which invariably deprive them access to information sources such as
newspaper and social media. Furthermore, it could also be explained by earlier research find-
ings that demonstrated women grow older in marriage, their utilization of antenatal care
reduces as they tend to rely more on experience in child bearing [19]. These older women may
therefore not be conversant or updated with new development in MTCT and PMTCT. The
findings therefore suggest that more of the campaign on acquisition of sufficient knowledge of
MTCT and PMTCT might not have benefited older women as it did the younger ones. This
cannot be unconnected with the reported staggering figures of HIV infected children in Nige-
ria over the years. There is however hope for the future of maternal and child health in the
country with the current positive trend in the likelihood of acquisition of knowledge of MTCT
and PMTCT among the younger women as they advance in age. Hence, there is the need for
government to sustain the current tempo among the younger women. Nigerian governments
at all levels will also do well to urgently step up campaign and effective strategies to educate
older women and teenage mother son acquisition of sufficient knowledge of MTCT and
PMTCT. All these efforts are very necessary if Nigeria is going to reduce the current staggering
number of HIV infections among children considerably [1, 4,9, 11, 16].

It is interesting to note that contrary to various published articles stating the positive contri-
bution of religion and urban residency to acquisition of sufficient knowledge of MTCT and
PMTCT services [5, 27], the two factors have shown no significant contribution to acquisition
of sufficient knowledge of MTCT and PMTCT by pregnant women in Nigeria, aligning with a
similar earlier report on Nigeria by [21]. The non-significance of religion to acquisition of suf-
ficient knowledge of MTCT and PMTCT establishes earlier similar reports in Nigeria [20, 28—
30]. Many researchers have adduced this to the nonchalant attitude of religious groups towards
getting involved in women acquisition of knowledge of MTCT and its prevention simply
because they perceive immoral behavior as the major cause of the HIV/AIDS epidemic in
Africa [28, 31]. On the other hand, the non-significance of urban residency in the acquisition
of sufficient knowledge of MTCT and PMTCT in Nigeria contradicts what obtains in various
other countries where urban residency was reported to contribute significantly [5]. This could
be explained by the result that pregnant women with sufficient knowledge of MTCT and its
prevention in this study reside in either rural or urban in almost equal proportion.

Regarding association of respondents’ education with sufficient knowledge of MTCT and
PMTCT, those women who attained secondary or higher level of education were found to be
more likely to have sufficient knowledge of MTCT and PMTCT of HIV compared with those
with no education and this might be due to the fact that uneducated women might be different
from the educated ones in their understanding of MTCT and PMTCT, and other public health
issues. This possible explanation is also in line with the finding from China and Addis Ababa,
Ethiopia where women having secondary or higher education were found to have better
knowledge of MTCT and PMTCT of HIV than those with no education [11, 32].

4.1 Limitations of the study

It is worthy to mention that the analysis carried out in this study did not identify all the vari-
ables that may be responsible for the observed spatial structure of the knowledge of MTCT
and its prevention in Nigeria. For instances, some cultural values held in parts of Nigeria
restrict women from taking independent decisions on healthcare issues, which might in turn
limit their attendance at antenatal care services and thus having a strong influence on their
ability to acquire the need knowledge of HIV and its prevention. Variables that measure cul-
tural values of this nature are not covered by our data source. Furthermore, the cross-sectional
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nature of the data did not give room for causal inference. The spatial units analysed were the
states of Nigeria each of which comprises several local government areas hosting people of dif-
ferent languages and culture. This could further cause variations within each state and it
would be worthy to unravel these variations in future studies using spatial approaches that
consider smaller areas such as adopting a continuous spatial process. The findings were how-
ever able to pinpoint states that require urgent intervention in the acquisition of knowledge of
MTCT and PMTCT. These findings can lead to development of hypotheses on the underlying
reasons for the observed spatial patterns. Further, the results could be useful for planning pur-
poses which is a pivot issue in policy circles that aim at focusing the allocation of resources to
the most needed areas.

5. Conclusion

In this study, the average probability of a woman of reproductive age in Nigeria acquiring suf-
ficient knowledge of MTCT and PMTCT was computed to be 0.73 and with high spatial vari-
ability across the country. It was found to be prevalent among women in states located in the
Southwest and Southeast parts of the country. This knowledge is lower among women in the
South-south and Northern parts with the Northeastern part of the country been the greatest
culprit. The driving factors of acquisition of such knowledge were current age of women at the
time of survey (young women), women educational attainment and economic capability, mea-
sured by household wealth index. To curb or eliminate further increase in new infections and
mortality among children, intervention efforts and campaign should be geared towards
increasing the acquisition of knowledge of MTCT and PMTCT among the older women, focus
on areas or states with low prevalence of sufficient knowledge, and bringing PMTCT services
closer to the poor people, especially in economically disadvantaged locations.

Author Contributions

Conceptualization: Paul Omoh Olopha.

Data curation: Paul Omoh Olopha.

Formal analysis: Paul Omoh Olopha.

Investigation: Paul Omoh Olopha, Akin Olusoga Fasoranbaku, Ezra Gayawan.
Methodology: Paul Omoh Olopha, Akin Olusoga Fasoranbaku, Ezra Gayawan.
Resources: Paul Omoh Olopha.

Software: Paul Omoh Olopha.

Supervision: Akin Olusoga Fasoranbaku, Ezra Gayawan.

Writing - original draft: Paul Omoh Olopha.

Writing - review & editing: Paul Omoh Olopha, Ezra Gayawan.

References

1. Ogbo FA (2016) Is the fear of mother-to-child transmission of HIV a key determinant of non-exclusive
breastfeeding in Nigeria? Austin Journal of HIV/AIDS Research 3: 1031.

2. GBD 2015 HIV Collaborators (2016) Estimates of global, regional, and national incidence, prevalence,
and mortality of HIV, 1980-2015: the Global Burden of Disease Study 2015. The Lancet HIV 3: E361—
E387. https://doi.org/10.1016/S2352-3018(16)30087-X PMID: 27470028

3. Joint United Nations Programme on HIV/AIDS (2016) Global AIDS updates 2016. Geneva, Switzer-
land.: UNAIDS.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253705 June 25, 2021 13/15


https://doi.org/10.1016/S2352-3018%2816%2930087-X
http://www.ncbi.nlm.nih.gov/pubmed/27470028
https://doi.org/10.1371/journal.pone.0253705

PLOS ONE

Spatial pattern and determinants of MTCT and PMTCT knowledge among Nigerian women

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Oyefabi A, Ameh N, Aliyu A (2018) Awareness and Utilization: Prevention of Mother-to-Child Transmis-
sion (PMTCT) Services among Primigravid Women attending Primary Health Care Facilities in Zaria,
North-Western Nigeria. West African Journal of Medicine 35: 144-152. PMID: 30387085

Masaka A, Dikelekob P, Moletab K, David M, Kaisarab T, et al. (2019) Determinants of comprehensive
knowledge of mother to child transmission (MTCT) of HIV and its prevention among Zimbabwean
women: Analysis of 2015 Zimbabwe Demographic and Health Survey. Alexandria Journal of Medicine
55: 68-75.

UNAIDS (2018) aidsinfo, 2018. Geneva: UNAIDS.
UNAIDS (2020) Nigeria, 2020. UNAIDS.

WHO Africa (2019) HIV initiative 'prevention of mother-to-child transmission’ saves exposed infants in
Nigeria. WHO.

Health Strategy and Delivery Foundation (2019) Elimination of mother to child transmission of HIV/
AIDS.

Mukhtar-Yola M, Otuneye AT, Mairami AB, Wey Y, Nwatah V, et al. (2018) Audit of prevention of
mother-to-child transmission programme interventions in HIV-Exposed children at national hospital,
Abuija, Nigeria. Nigerian Postgraduate Medical Journal 25: 27-31. https://doi.org/10.4103/npmj.npmj_
151_17 PMID: 29676342

UNAIDS (2017) AIDS info. Nigeria.

Cohen J, Friedman M (Nigeria Has More HIV-Infected Babies Than Anywhere in the World. It’s a Dis-
tinction No Country Wants) 2018. Science Magazine.

Abiodun MO, ljaiya MA, Aboyeji PA (2007) Awareness and knowledge of mother-to-child-transmission
of HIV among pregnant women. Journal of National Medical Association 99: 758-763. PMID:
17668641

Wanyenze RK, Goggin K, Finocchario-Kessler S, Beyeza-Kashesya J, Mindry D, et al. (2018) Utiliza-
tion of prevention of mother-to-child transmission (PMTCT) services among pregnant women in HIV
care in Uganda: a 24-month cohort of women from pre-conception to post-delivery. BMC Research
Notes 11. https://doi.org/10.1186/s13104-018-3304-y PMID: 29566724

Babayemi OO, Adeyinka DA, Olawepo JO, Pharr JR, Ozigbu CE, et al. (2019) Towards the elimination
of mother-to-child transmission of HIV in Nigeria: a health system perspective of the achievements and
challenges. International Health 11: 240-249. https://doi.org/10.1093/inthealth/ihz018 PMID:
31028402

Nwaneri A, Mbagwu A, Adeyemo O, Ndubuisi | (2018) Knowledge Level and Utilization of Prevention of
Mother to Child Transmission Services in Enugu, South East Nigeria. International Journal of Nursing
Science 8: 67-72.

Alemu YM, Ambaw F, Wilder-Smith A (2017) Utilization of HIV testing services among pregnant moth-
ers in low income primary care settings in northern Ethiopia: a cross sectional study. BMC Pregnancy
and Childbirth 17. https://doi.org/10.1186/s12884-017-1389-2 PMID: 28646888

Haile ZT, Teweldeberhan A, Chertok | (2015) Correlates of women’s knowledge of mother-to-child
transmission of HIV and its prevention in Tanzania: A population-based study. AIDS Care 28: 1-9.
https://doi.org/10.1080/09540121.2015.1058896 PMID: 26278724

Gayawan E (2014) A Poisson regression model to examine spatial patterns in antenatal care utilization
in Nigeria Population, Space and Place 20: 485—-497.

Aboyeji AP, Fawole AA, ljaiya MA (2001) Knowledge and attitude to antenatal screening for HIV/ AIDS
by pregnant women in llorin Nigeria. Nigeria Quarterly Journal of Hospital Medicine 10: 181-184.

Ashimi AO, Omole-Ohonsi A, Amole TG, Ugwa EA (2014) Pregnant women’s knowledge and attitude
to mother to child transmission of human immuno-deficiency virus in a rural community in Northwest
Nigeria. West African Journal of Medicine 33: 68-73. PMID: 24872270

Fahrmeir L, Kneib T, Lang S, Marx B (2013) Regression: Models, Methods and Applications. Berlin Hei-
delberg: Springer-Verlag. https://doi.org/10.1515/ijb-2012-0035 PMID: 23893691

Rue H, Held L (2005) Gaussian Markov random fields. Theory and applications. Boca Raton: Chap-
man & Hall/CRC.

Lindgren F, Rue H (2015) Bayesian spatial modelling with R-INLA. Journal of Statistical Software 63:
1-25.

Spiegelhalter DJ, Best NG, Carlin BP, Van der Linde A (2002) Bayesian measures of model complexity
and fit (with Discussion). Journal of Royal Statistical Society B 64: 583—640.

Malaju MT, Alene GD (2012) Determinant factors of pregnant mothers’ knowledge on mother to child
transmission of HIV and its prevention in Gondar town, North West Ethiopia. BMC Pregnancy Childbirth
12. https://doi.org/10.1186/1471-2393-12-73 PMID: 22838392

PLOS ONE | https://doi.org/10.1371/journal.pone.0253705 June 25, 2021 14/15


http://www.ncbi.nlm.nih.gov/pubmed/30387085
https://doi.org/10.4103/npmj.npmj%5F151%5F17
https://doi.org/10.4103/npmj.npmj%5F151%5F17
http://www.ncbi.nlm.nih.gov/pubmed/29676342
http://www.ncbi.nlm.nih.gov/pubmed/17668641
https://doi.org/10.1186/s13104-018-3304-y
http://www.ncbi.nlm.nih.gov/pubmed/29566724
https://doi.org/10.1093/inthealth/ihz018
http://www.ncbi.nlm.nih.gov/pubmed/31028402
https://doi.org/10.1186/s12884-017-1389-2
http://www.ncbi.nlm.nih.gov/pubmed/28646888
https://doi.org/10.1080/09540121.2015.1058896
http://www.ncbi.nlm.nih.gov/pubmed/26278724
http://www.ncbi.nlm.nih.gov/pubmed/24872270
https://doi.org/10.1515/ijb-2012-0035
http://www.ncbi.nlm.nih.gov/pubmed/23893691
https://doi.org/10.1186/1471-2393-12-73
http://www.ncbi.nlm.nih.gov/pubmed/22838392
https://doi.org/10.1371/journal.pone.0253705

PLOS ONE

Spatial pattern and determinants of MTCT and PMTCT knowledge among Nigerian women

27.

28.

29.

30.

31.

32.

Luba TR, Feng Z, Gebremedhin S, Erena AN, Tang S, et al. (2017) Knowledge about mother—to—child
transmission of HIV, its prevention and associated factors among Ethiopian women. Journal of Global
Health 7.

Lamina MA (2012) A survey of awareness and knowledge of mother-to-child transmission of HIV in
pregnant women attending Olabisi Onabanjo University Teaching Hospital, Sagamu, Nigeria. Journal of
Obstetrics and Gynecology 2.

Igwegbe AO, Llika AL (2005) Knowledge and perceptions of HIV/AIDS and mother to child transmission
among antenatal mothers at Nnamdi Azikwe University Teaching Hospital, Nnewi, Nigeria. International
Journal of Clinical Practice 8:97-101.

Adeneye AK, Mafe MA, Adeneye AA (2006) Knowledge and perception of HIV/AIDS among pregnant
women attending antenatal clinics in Ogun State, Nigeria. African Journal of AIDS Research 5: 273—
279. https://doi.org/10.2989/16085900609490389 PMID: 25865918

Delius P, Glaser C (2005) Sex disease and stigma in South Africa: Historical perspective. African Jour-
nal of AIDS Research 4:29-36. https://doi.org/10.2989/16085900509490339 PMID: 25865639

UNAIDS (2016) Global AIDS update 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0253705 June 25, 2021 15/15


https://doi.org/10.2989/16085900609490389
http://www.ncbi.nlm.nih.gov/pubmed/25865918
https://doi.org/10.2989/16085900509490339
http://www.ncbi.nlm.nih.gov/pubmed/25865639
https://doi.org/10.1371/journal.pone.0253705

