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Abstract

Background: There are an estimated half-million children living with HIV in sub-Saharan Africa. The predominant source of
infection is presumed to be perinatal mother-to-child transmission, but general population data about paediatric HIV are
sparse. We characterise the epidemiology of HIV in children in sub-Saharan Africa by describing the prevalence, possible
source of infection, and effects of paediatric HIV in a southern African population.

Methods: From 2009 to 2011, we conducted a household-based survey of 3389 children (aged 2-14 years) in Manicaland,
eastern Zimbabwe (response rate: 73.5%). Data about socio-demographic correlates of HIV, risk factors for infection, and
effects on child health were analysed using multi-variable logistic regression. To assess the plausibility of mother-to-child
transmission, child HIV infection was linked to maternal survival and HIV status using data from a 12-year adult HIV cohort.

Results: HIV prevalence was (2.2%, 95% Cl: 1.6-2.8%) and did not differ significantly by sex, socio-economic status, location,
religion, or child age. Infected children were more likely to be underweight (19.6% versus 10.0%, p =0.03) or stunted (39.1%
versus 30.6%, p=0.04) but did not report poorer physical or psychological ill-health. Where maternal data were available,
reported mothers of 61/62 HIV-positive children were deceased or HIV-positive. Risk factors for other sources of infection
were not associated with child HIV infection, including blood transfusion, vaccinations, caring for a sick relative, and sexual
abuse. The observed flat age-pattern of HIV prevalence was consistent with UNAIDS estimates which assumes perinatal
mother-to-child transmission, although modelled prevalence was higher than observed prevalence. Only 19/73 HIV-positive
children (26.0%) were diagnosed, but, of these, 17 were on antiretroviral therapy.

Conclusions: Childhood HIV infection likely arises predominantly from mother-to-child transmission and is associated with
poorer physical development. Overall antiretroviral therapy uptake was low, with the primary barrier to treatment
appearing to be lack of diagnosis.
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Introduction of children 0-14 were HIV-positive in 2012 [2,3]. Direct empirical
data about the epidemiology, sources and impacts of HIV in
children will improve confidence in estimates and ensure that
health and social care systems are able to meet the needs of
infected children.

Most infected children are believed to have acquired HIV
perinatally from their HIV-positive mothers. Untreated HIV
infection in infants is typically characterised by rapid disease
progression and death at a median of two years of age or less, with
survival depending at what stage (e.g. perinatally, breastfeeding)
the infant becomes vertically infected [4,5], but it is estimated that
perhaps up to a third of vertically infected children survive into

In 2012, it was estimated that over 85% of children who became
infected with HIV were living in sub-Saharan Africa (SSA) [1].
However, general population data about epidemiology and health
effects of paediatric HIV in SSA are sparse. The most common
data about HIV prevalence in SSA, Demographic and Health
Surveys (DHS) and community-based cohort studies, have
typically only included persons over age 15 years. As a result,
estimates for HIV in children are generally extrapolated from data
about pregnant women using mathematical models [2]. In
Zimbabwe, UNAIDS estimated that 2.8% (95% CI: 1.6-3.7%)
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adolescence [6-8] and clinical reports have provided evidence of
non-sexually acquired infections in adolescents [9-12]. However,
debate continues as to whether or not these children are actually
long-term survivors of mother-to-child transmission (MTCT) or
have acquired HIV horizontally. Other studies have reported
instances of horizontal HIV transmission in children [13-15];
however, these studies used non-representative samples or were
conducted in highly localised areas.

In this study, we aim to: (i) describe patterns of HIV infection in
a representative general population sample of children aged 2-14
years in a large-scale generalised HIV epidemic in rural areas of
eastern Zimbabwe; (ii) investigate possible sources of horizontal
HIV transmission in childhood; (iii) assess whether the observed
age-pattern of HIV-positive children is consistent with that
expected from survival of children infected from MTCT (given
recent trends in adult prevalence and prevention of mother-to-
child transmission (PMTCT) program scale-up); (iv) assess the
impact of HIV on children’s mental and physical health and
nutritional status; and (v) investigate the levels and determinants of
antiretroviral treatment (ART) coverage in children.

Methods

Study Population and Data Collection

The Manicaland HIV/STD Prevention Project is a population-
based, open cohort study in eastern Zimbabwe [16-18]. Each
round of the survey involves a census of all households in the 12
study sites (4 subsistence farming areas; 4 large-scale commercial
estates; 2 small towns; and 2 roadside settlements), followed by
interviews with individual household members and collection of
dried blood spot samples for HIV testing.

In the most recent round (2009-2011) of the Manicaland
survey, all children (aged 2—-14 years) in a randomly selected 1/3 of
households were invited to participate in an investigation of HIV
prevalence amongst children. Children were interviewed about
their welfare, health, and healthcare using a structured question-
naire. Children under seven answered with assistance from their
primary caregiver. Questions on HIV testing and knowledge of
HIV status were addressed to the child’s primary caregiver in the
presence of the child if he or she was over the age of seven.
Additionally, the questionnaire was administered by a nurse who
had HIV Testing and Counselling certificates, which include
training in how to respond if a child becomes distressed. More
sensitive questions were asked only of older children and were
answered without their caregiver being present: children aged 7—
14 years were asked questions on sexual abuse and on
psychological health. If a child reported abuse then the interviewer
notified the supervising nurse who would subsequently investigate
in the company of a social worker. The information from the
supervisor and social worker was then fed back to the Child
Protection committee in the study area. All maternal data (religion
and HIV status) were collected in the general (adult) survey and
linked to child data based on children reporting who their
biological mother was, and confirmed through fertility histories
and the household roster. In cases where a link could not be made,
or if the child was a maternal orphan, maternal data was coded as
missing. Dried blood spot samples were collected and tested for
HIV in an offsite laboratory using the COMBAIDS-RS HIV 142
Immunodot Assay (Span Diagnostics, India); for cases in which the
child tested HIV-positive but had an uninfected mother, the HIV
test results were confirmed using Vironostika HIV Uni-form II
Plus O (Biomérieux, France) ELISA tests. Data used in the
manuscript are provided in the supporting information file Dataset

S1.
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Ethics Statement

Ethical approval for the Manicaland HIV/STD Prevention
Project was obtained from the Research Council of Zimbabwe
(Number 02187), the Biomedical Research and Training Institute
Zimbabwe’s institutional review board (Number AP6/97), and the
Imperial College London Research Ethics Committee (Number
ICREC 9_3_13). Written informed consent was obtained prior to
survey participation from each child’s primary caregiver. In
addition, children aged 7-14 years provided verbal or written
assent, respectively. Participants and guardians were informed
that, at any point, they could refuse to answer a question or decline
to continue the interview.

Data Analysis

In this analysis of children aged 2—14 years old, we tested for
associations of HIV infection with socio-demographic character-
istics (sex, age-group, household socio-economic status (SES),
community type, and mother’s religion) using logistic regression.
Socio-economic status was measured using a summed asset-based
wealth index developed for the study population in Manicaland
[19]. The mother’s self-reported religious affiliation was classified
into “Christian”, “Iraditional”, “Spiritual”, “Other”, or “none”,
as in previous analyses of Manicaland data [20].

To test the hypothesis that HIV infection in children occurs
primarily through MTCT, where available, we examined mater-
nal survival/infection status (deceased, alive and HIV-negative,
alive and HIV-positive, alive with unknown HIV status) by child
HIV status to establish the plausibility of vertical HIV transmis-
sion. The odds ratios of being a maternal orphan and of being a
maternal orphan or having an HIV-positive mother amongst
infected and uninfected children were evaluated using a one-sided
Fisher’s exact test. We tested for associations between HIV
infection and risk factors for horizontal HIV transmission, which
included blood transfusion, vaccination, non-vaccination medical
injections, breastfed by a non-biological mother, cared for a sick
relative, and sexual abuse.

To assess whether the observed age-pattern of HIV prevalence
in children is consistent with that which would be expected in
Zimbabwe if infections were due to mother-to-child transmission,
we compared the age-specific HIV prevalence data to national
estimates of child HIV prevalence reported by UNAIDS [1].
These estimates are derived using the Spectrum model [21-23],
the declining trends in HIV prevalence recorded in pregnant
women, rates of mother-to-child transmission, patterns of paedi-
atric survival by time of infection, national data on PMTC'T and
anti-retroviral therapy (ART) scale-up, and effectiveness of
PMTCT regimens [4]. The Spectrum file that we used in this
analysis can be downloaded from http://apps.unaids.org/
spectrum/.

The impact of HIV on measures of physical and mental health
was evaluated using linear (continuous outcomes) or logistic
(binary outcomes) regression, adjusting for age. Z-scores for
height- and weight-for-age and weight-for-height were calculated
using WHO child growth standards [24,25]. Z-scores below -2
were considered to indicate stunting (low height-for-age), being
underweight (low weight-for-age) and wasting (low weight-for-
height). Comparisons were made for stunting and being under-
weight for all children, while wasting was only compared in
children aged 2-5 years, as these were the ages for which reference
data were available [24]. Psychological wellbeing scores were
calculated in children aged 7-14 years using principal components
analysis of psychological distress measures as described by
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Nyamukapa et al., 2010 [26]. All analyses were conducted in Stata
version 12.1 (StataCorp LP, USA).

Results

Demographic Profile of Infected Children

Four thousand six hundred and eleven children aged 2-14 years
were enumerated and selected for inclusion in the study, of which
3389 (73.5%) completed the survey and gave a dried blood spot for
HIV testing. Children who did not complete the survey did not
have significantly different age or gender distributions and their
household of residence did not have significantly different mean
SESs than those who completed the questionnaire (all p>0.05).
Reasons given for non-response included: away from home for
work (7.4%), away from home for school (7.0%), another reason
for being away from home (67.1%), whereabouts unknown (1.1%),
refused (12.3%), and other (5.0%). Seventy-three (2.2%, 95% CI:
1.7-2.6%) were HIV-positive. Prevalence was 1.6% (11/688),
2.5% (33/1296), and 1.8% (25/1405) among children aged 24
years, 5-9 years, and 10-14 years, respectively. Demographic
characteristics of children aged 2-14 years by HIV status are
presented in Table 1. HIV prevalence did not differ significantly
(p<<0.05) by sex, age-group, or any other demographic character-
istics (household SES, community type, and maternal religion).

Sources of HIV Infection

All but one HIV-positive child were either maternal orphans or
had an HIV-positive surviving mother, consistent with the primary
source of childhood infection being MTCT (Table 2). HIV-
positive children were significantly more likely to be a maternal
orphan (OR: 6.56, 95% CI: 4.03-10.66) and/or have an HIV-
positive mother (OR: 76.03, 95% CI: 18.54-311.79)) than HIV-
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negative children. The one child who was HIV-positive but for
whom the woman identified as his biological mother was HIV-
negative (Table 2) was a three year-old male reported to be living
with both biological parents. He did not report any of the risk
factors for non-sexual horizontal transmission (blood transfusions,
non-medical injections, breastfeeding by a non-biological mother,
caring for a sick relative, or child abuse). Overall, 26.9% (902/
3360) of participants who answered the survey questions reported
any of the selected risk factors for horizontal HIV transmission
(Table 3), excluding vaccination-related injections, of which
99.7% (3364/3374) of children reported having had. Item non-
response ranged from 0.1% (ever cared for a sick relative) to
27.1% (ever had a blood transfusion) and did not differ between
HIV-negative and HIV-positive children (all p>0.05). HIV-
positive children were significantly more likely to report non-
vaccination injections than HIV-negative children (41.1% wvs.
26.2%, p=0.01). Otherwise, no significant differences in reporting
of risk factors (blood transfusions, breastfeeding by a non-
biological mother, caring for a sick relative, child abuse or sexual
activity) were found between HIV-positive and uninfected
children.

Comparison of Observed Age-Specific HIV Prevalence
with National Estimates from the Spectrum Model

HIV prevalence in children aged 2—-14 observed in Manicaland
was lower than the national estimates for Zimbabwe as a whole in
2010 from the Spectrum model (3.6%). However, the age-pattern
of HIV prevalence amongst children observed in the data was
consistent with the model estimates (Figure 1). This suggests that
the age-patterns of HIV in Manicaland are in line with what
would be expected if MTCT were the main source of child

Table 1. Association between demographic characteristics and HIV infection in children.

Category Sub-category HIV+ N in Sub-category OR (95% CI)f pvaluet
Gender Male 2.34% 1712 Referent 0.21
Female 1.73% 1677 0.75 (0.46-1.21)
Age Group 2-4 1.60% 688 Referent 0.27
5-9 2.54% 1296 1.61 (0.81-3.20)
10-14 1.78% 1405 1.11 (0.55-2.28)
Household SES Poorest quintile 1.75% 688 Referent 0.33
Second quintile 2.38% 632 1.37 (0.64-2.95)
Middle quintile 0.70% 143 0.40 (0.05-3.07)
Fourth quintile 2.70% 1063 1.58 (0.80-3.13)
Least poor quintile 1.85% 863 1.06 (0.50-2.26)
Community type Subsistence farming 2.44% 1391 Referent 0.38
Roadside trading 1.93% 671 0.79 (0.41-1.50)
Agricultural estate 1.36% 811 0.54 (0.27-1.08)
Commercial centre 2.13% 516 0.87 (0.44-1.73)
Mother’s religion® Christian 1.44% 967 Referent 0.95
Traditional 0% 13 N/A
Spiritual 1.53% 849 1.02 (0.48-2.19)
Other 1.69% 301 1.15 (0.41-3.21)
None 0% 67 N/A

fUnadjusted odds ratio.
*Fisher's exact test for difference of proportions.

doi:10.1371/journal.pone.0113415.t001
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*Total respondents (N =2206) is lower than other categories due to maternal orphans (n=348), unlinked records (n=722) and question non-response (n=113).
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Table 2. Maternal mortality and HIV status in children.
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Maternal status

Child HIV status

HIV- (N=3316) HIV+ (N=73)

Mother deceased
Mother alive, HIV+
Mother alive, HIV-

Mother alive, unknown HIV status

318 (9.59%)
390 (11.76%)
1765 (53.23%)
843 (25.42%)

30 (41.09%)
31 (42.47%)
1 (1.37%)

11 (15.07%)

doi:10.1371/journal.pone.0113415.t002

infections, accounting for the declining trend in adult HIV
prevalence and the scale-up of PMTCT programmes in
Zimbabwe.

HIV Status and Child Health

HIV-positive children were significantly more likely to be
underweight (low weight-for-age) (AOR: 2.20; 95% CI: 1.08-4.47)
and stunted (AOR: 1.69; 95% CI: 1.02-2.81) than HIV-negative
children, but were not more likely to be wasted (low weight-for-
height) (AOR: 0.43; 95% CI: 0.05-3.34) or to report a recent
illness (AOR: 1.31; 95% CI: 0.64-2.66) (Table 4). HIV status was
also not associated with psychological wellbeing (Coefficient: —
0.06; 95% CI: —0.21 — +0.09) (Table 4).

Of the 73 HIV-positive children, 26.0% (19/73) reported that
they knew their HIV status. Of the HIV-negative children, 114/
3309 (3.5%) had had an HIV test, significantly less than reported
testing prevalence in HIV-positive children (p<<0.001). Children of
mothers who reported that they knew they were HIV-positive
were 5.17 times (95% CI: 2.27-11.76) more likely to have had an
HIV test and know the result than children of mothers who self-
reported as HIV-negative. Knowledge of HIV status was not
associated with psychological wellbeing score for HIV-positive
children (change in psychological wellbeing score: +0.01; 95% CI:
—0.131- +0.33). All but two of the children (17/19) who were
aware of their HIV-positive status reported taking drugs that stop
HIV from causing AIDS (i.e. were on anti-retroviral therapy

(ART)). Despite high ART coverage when HIV status is known,
overall, less than a quarter (23.3%, 17/73) of the HIV-positive
children was receiving ART.

Discussion

This study describes the prevalence and consequences of HIV in
children living in a rural area of southern Africa. In eastern
Zimbabwe, from 2009-2011, 2.2% (95% CI: 1.7-2.6%) of
children aged 2—-14 years tested positive for HIV, at a time when
HIV prevalence was 11% and 17%, respectively, amongst male
and female adults (15-54 years) in the same population. This
estimate, from a representative general-population sample, is
lower than those from a sample of children in 2005 in
Chimanimani district in southern Manicaland, where HIV
prevalence was 3.2% (41/1290) in children aged 2-14 years
[27]. Such a reduction between 2005 and 2010 is expected based
on the decline in adult HIV prevalence and the increase in
PMTCT coverage since 2005. A study conducted with 4,386
primary school children in Harare in 2010 found an HIV
prevalence of 2.7% (95% CI: 2.2-3.1%) in children aged 6-13
years [28], which is close to the prevalence of 2.2% found in our
study for a slightly different age-group in a different region. As was
the case in the Chimanimani study [27] and in studies in similar
age-groups elsewhere in SSA [29-31], including a large national
population survey in South Africa conducted in 2008 [32], we

Table 3. Association between HIV status and potential horizontal risk factors for HIV.

Horizontal risk factors Exposure N HIV+% AOR (95% CI) * p-value*

Ever had a blood transfusion No 3,355 2.15% Referent 0.14
Yes 7 14.3% 6.51 (0.80-53.34)

Lifetime number of non-vaccination injections 0 2491 1.73% Referent 0.004
>0 873 3.44% 2.19 (1.23-3.89)

Received tuberculosis, polio, measles, and/or diphtheria vaccination No 10 0% Referent 0.81
Yes 3364 2.11% N/A

Breastfed by non-biological mother No 3359 2.14% Referent 0.71
Yes 16 0% N/A

Cared for a sick relative (ages 6-14) No 2403 2.29% Referent 0.45
Yes 35 0% N/A

Ever been sexually abused (ages 7-14) No 2180 2.25% Referent N/A
Yes 4 0% N/A

fAdjusted odds ratio; adjusted for age, gender, SES, and site type.
*Fisher's exact test for difference of proportions.

NB: Different Ns are due to different question non-response rates.
doi:10.1371/journal.pone.0113415.t003

PLOS ONE | www.plosone.org 4

November 2014 | Volume 9 | Issue 11 | e113415



HIV in Children from Eastern Zimbabwe

6.0
5.0
4.0 [ mm Observed HIV prevalence in
1 k T Manicaland
3.06 - e = Spectrum projections for all of

Zimbabwe

HIV prevalence (%)
w
o

180

1
o

1.0

0.0

Figure 1. Comparison of observed HIV prevalence by age in Manicaland, with 95% confidence intervals, to the Zimbabwe national
HIV estimates from UNAIDS and the Zimbabwe Ministry of Health and Child Welfare.
doi:10.1371/journal.pone.0113415.g001

found no significant differences in HIV prevalence with respect to 15-17 year-olds in the same population at different time points
Sex or age. (2009-2011 here and 2006-2008 in Eaton et al.) [12]. That is, it
Our finding of a relatively even pattern of HIV prevalence by supports the hypothesis that MTCT is the main source of HIV
age is consistent with official national estimates derived from the infection in children and adolescents in this population.
Spectrum model. Survival data for children infected with HIV Our data further confirm the belief that MTCT is the primary

through MTCT suggest high mortality [7] and, in a stable mode of HIV transmission in children in eastern Zimbabwe [12].
epidemic with little horizontal transmission and no PMTCT Mothers of HIV-infected children were significantly more likely

intervention, HIV prevalence will decline as children age into than mothers of uninfected children to be deceased or HIV-
adolescence. However, the decline in HIV prevalence in pregnant positive. One child, for whom we could not identify a plausible
women since the late 1990s (from 25.7% in 2002 to 16.1% 2009 source of infection, did not report any vertical, sexual, or other
[33]) and the scale-up of PMTCT services from the mid-2000s horizontal risk factors for transmission. Exposure to potential
explain reduced prevalence in younger children to the levels modes of transmission may have been under-reported and data
observed in the current study. The pattern of HIV prevalence we were not collected on all possible sources of infection, such as
saw with age is also consistent with that reported by Eaton et al. in scarification and hospital and dental visits, which have previously
Table 4. Effects of HIV status on physical and mental health outcomes in children and adolescents.
Health outcome HIV status N % AOR (95% CI)* p-value
lll'in last two weeks HIV— 3320 11.55% Referent 0.1
HIV+ 69 19.61% 1.31 (0.64-2.66)
Low height-for-age HIV— 3222 30.60% Referent 0.04
HIV+ 69 39.13% 1.69 (1.02-2.81)
Low weight-for-age HIV— 2225 9.97% Referent 0.03
HIV+ 51 19.61% 2.20 (1.08-4.47)
Low weight-for-height* HIV— 833 11.64% Referent 0.42
HIV+ 16 6.25% 0.43 (0.05-3.34)
Psychological wellbeing score® HIV— 2385 0.01 Referent 0.45
HIV+ 55 —0.05 —0.06 (—0.21-+0.09)
fAdjusted odds ratio; adjusted for age, gender, SES, and community type.
*Children 2-5 only.
®Mean and change in score between HIV— and HIV+; ages 6-14 only.
doi:10.1371/journal.pone.0113415.t004
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been identified as sources of HIV in children [13-15]. Sexual
abuse has also been identified as a potential mode of HIV
acquisition in select cases in children [34-39], however, due to
ethical reasons, little research has been conducted into the
proportion of children infected with HIV through sexual abuse,
even though sexual abuse has been reported to be common in
South Africa [40,41]. While we cannot be certain about the
accuracy of reporting about the child’s biological mother, without
biological tests, for which this study did not have consent, the
identification of the biological mother was consistent with
information reported on the household roster and the child was
named on the mother’s fertility history.

The need to understand HIV infection in children is particularly
mmportant given that HIV is increasingly becoming a cause of
hospitalisation amongst adolescents in SSA [11] and this trend is
likely to continue as more HIV-positive children age into
adolescence. We found that HIV-positive children were signifi-
cantly more likely to report non-vaccination medical injections
than HIV-negative individuals, most likely because HIV-positive
children are more likely to seek healthcare for managing their
infection or to treat HIV-associated illnesses [11]. Thus, this
association should therefore not be misconstrued as evidence for
medical injections as a source of horizontal transmission,
particularly as 27 of the 30 (90%) of the HIV-positive children
who reported having had medical injections also reported being a
maternal orphan or having a mother who was HIV-positive.
Stunting and wasting in HIV-positive children, as well as being
underweight, have been reported previously in SSA [11,42,43].
We found HIV-positive children to be significantly more likely to
be underweight and stunted, indicative of the long-term harm of
HIV infection on health and nutritional status. Perhaps unsur-
prisingly, we did not find a significant relationship with wasting,
which measures recent severe weight loss, often associated with
acute starvation and severe disease.

There are few data from SSA on the psychological manifesta-
tions of HIV infection in children, although studies from
developed countries report significantly higher incidence of
psychiatric admissions for HIV-positive children than HIV-
negative children, with knowledge of HIV status increasing the
risk of admission [44]. A previous study in Zimbabwe found that
56% of HIV-positive adolescents reported psychosocial problems,
but that these problems were not common in younger children
[45]. These data, however, were collected from children and
adolescents visiting facilities offering HIV care services, and many
respondents were already presenting with AIDS-related illnesses.
Because the results were from a clinical study and were not
compared to an HIV-negative population, it is not possible to
conclude that there was a significant increase in psychosocial
distress based on HIV status. Although we found no significant
association between HIV status and psychological wellbeing, the
lack of data from SSA in this area and the findings of Ferrand et al.
(2010) [45] suggest that this i1s an important topic for future
investigation.

Only a quarter of HIV-positive children in our study were
aware of their HIV status. Across southern and eastern Africa,
ART coverage among children is a major problem and high
priority for many governments as it continues to lag behind adult
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coverage (33% versus 65% in the 22 priority countries, of which
21 are in Africa) [46]. So long as they remain undiagnosed, and
therefore untreated, HIV-positive children are at higher risk for
AIDS-related illnesses and early mortality. In the longer term,
knowledge of HIV status is important to mitigate the risk of
passing the infection on to sexual partners. Despite the low
coverage of HIV testing, we found that if children or their
guardians were aware of the child’s HIV-positive status there was a
90% chance that the child would be on ART. This suggests that,
despite the fear, potential stigma and associated costs, a positive
diagnosis does result in the initiation of treatment. One way to
help increase treatment amongst children might be to increase
HIV-testing of women, as we found that when a mother knew
herself to be HIV-positive, her child was significantly more likely
to have had an HIV test themselves — suggesting that getting more
mothers diagnosed through PMTCT programs will improve child
testing. Other possible ways to increase infant diagnosis of HIV in
this population are the new point-of-care tests currently being
developed. New tests include a rapid p24 antigen test and a
nucleic-acid amplification test, both of which can be performed in
under half an hour [47]. Currently, many infants go undiagnosed
due to the long turnaround times or poor infrastructure associated
with dried blood spot sample testing [48]. Early infant HIV
diagnosis is important, as the high ART coverage when children
are aware of their status implies that lack of knowledge of HIV
status is a contributing factor to the low coverage of ART in
children that has been noted in Zimbabwe (39.5% according to
the 2011 national estimates [49]) and more broadly in most of sub-
Saharan Africa.

Conclusion

These findings provide evidence that MTCT is the principal
source of HIV infection in children in southern Africa and that
current initiatives to increase the availability and effectiveness of
PMTCT should result in reductions in HIV prevalence in children
over time. Effort should be made to encourage HIV testing in
children because, despite low overall ART coverage, children who
are aware of their HIV status were highly likely to be on
treatment.

Supporting Information

Dataset S1 (CSV)

Acknowledgments

We thank Janet Dzangare and Elizabeth Gonese (Zimbabwe Ministry of
Health and Child Welfare) and Mary Mahy (UNAIDS) for assistance with
the Zimbabwe Spectrum file. We thank John Stover for advice regarding
HIV prevalence estimates from the Spectrum software. We are grateful to
all participants in the Manicaland HIV/STD Prevention Project.

Author Contributions

Conceived and designed the experiments: ELP CN JWE SM LR SG.
Analyzed the data: ELP JWE. Wrote the paper: ELP CN JWE RM LR SG
SM GC. Organised the data collection: CN RM GC SG.

3. UNAIDS (2012) Global AIDS response progress report 2012: Follow-up to the
2011 political declaration on HIV/AIDS: Intensifying our efforts to eliminate
HIV/AIDS: Zimbabwe country report.

4. Rollins N, Mahy M, Becquet R, Kuhn L, Creek T, et al. (2012) Estimates of
peripartum and postnatal mother-to-child transmission probabilities of HIV for

November 2014 | Volume 9 | Issue 11 | e113415



20.

21.

22.

23.

24.

use in spectrum and other population-based models. Sex Transm Infect (Suppl

2): i44-i51.

. Becquet R, Marston M, Dabis F, Moulton LH, Gray G, et al. (2012) Children

who acquire HIV infection perinatally are at higher risk of early death than
those acquiring infection through breastmilk: A meta-analysis. PLOS One 7(2):
€28510.

. Newell ML, Coovadia H, Cortina-Borja M, Rollins N, Gaillard P, et al. (2004)

Mortality of infected and uninfected infants born to HIV-infected mothers in
Africa: A pooled analysis. Lancet 364(9441): 1236-1243.

. Ferrand RA, Corbett EL, Wood R, Hargrove J, Ndhlovu CE, et al. (2009) AIDS

among older children and adolescents in southern Africa: Projecting the time
course and magnitude of the epidemic. AIDS 23(15): 2039-2046.

. Marston M, Zaba B, Salomon JA, Brahmbhatt H, Bagenda D (2005) Estimating

the net effect of HIV on child mortality in African populations affected by
generalized HIV epidemics. J Acquir Immune Defic Syndr 38(2): 219-227.

. Ferrand RA, Luethy R, Bwakura I, Mujuru H, Miller RF, et al. (2007) HIV

infection presenting in older children and adolescents: A case series from Harare,
Zimbabwe. Clin Infect Dis 44(6): 874-878.

. Ferrand RA, Munaiwa L, Matsekete J, Bandason T, Nathoo K, et al. (2010)

Undiagnosed HIV infection among adolescents seeking primary health care in
Zimbabwe. Clin Infect Dis 51(7): 844-851.

. Ferrand RA, Bandason T, Musvaire P, Larke N, Nathoo K, et al. (2010) Causes

of acute hospitalization in adolescence: Burden and spectrum of HIV-related
morbidity in a country with an early-onset and severe HIV epidemic: A
prospective survey. PLoS Med 7(2): e1000178.

. Eaton J, Garnett GP, Takavarasha F, Mason P, Robertson L, et al. (2013)

Increasing adolescent HIV prevalence in eastern zimbabwe - evidence of long-
term survivors of mother-to-child transmission? PLoS One 8(8): ¢70447.

. Okinyi M, Brewer DD, Potterat JJ (2009) Horizontally-acquired HIV infection

in kenyan and swazi children. Int J STD AIDS 20(12): 852-857.

. Gomo E, Chibatamoto PP, Chandiwana SK, Sabeta CT (1997) Risk factors for

HIV infection in a rural cohort in Zimbabwe: A pilot study. Cent Afr J Med
43(12): 350-354.

Shisana O, Connolly C, Rehle TM, Mehtar S, Dana P (2008) HIV risk exposure
among South African children in public health facilities. AIDS Care 20(7): 755~
763.

Gregson S, Garnett GP, Nyamukapa CA, Hallett TB, Lewis JJ, et al. (2006) HIV
decline associated with behaviour change in eastern Zimbabwe. Science
311(5761): 664-666.

. Lopman B, Nyamukapa CA, Mushati P, Wambe M, Mupambireyi Z, et al.

(2008) HIV incidence after 3 years follow-up in a cohort recruited between 1998
and 2000 in Manicaland, Zimbabwe: Contributions of proximate and
underlying determinants to transmission. Int J Epidemiol 37(1): 88-105.

. Gregson S, Nyamukapa C, Garnett GP, Mason PR, Zhuwau T, et al. (2002)

Sexual mixing patterns and sex-differentials in teenage exposure to HIV
infection in rural Zimbabwe. Lancet 359: 1896-1903.

. Lopman B, Lewis JJ, Nyamukapa CA, Mushati P, Chandiwana SK, et al. (2007)

HIV incidence and poverty in Manicaland, Zimbabwe. AIDS 21(Supplement 7):
S57-S66.

Manzou R, Schumacher C, Gregson S (2014) Temporal dynamics of religion as
a determinant of HIV infection in East Zimbabwe: A serial cross-sectional
analysis. PLoS One 9(1): ¢86060.

Stover J (2009) AIM: A computer program for making HIV/AIDS projections
and examining the demographic and social impacts of AIDS.

Stover J, Kirmeyer S (2009) DemProj: A computer program for making
population projections.

Stover J, Brown T, Marston M (2012) Updates to the spectrum/estimation and
projection package (EPP) model to estimate HIV trends for adults and children.
Sex Transm Infect (Suppl 2): i11-i16.

WHO Multicentre Growth Reference Study Group (2006) WHO child growth
standards: Length/height-for-age, weight-for-age, weight-for-length, weight-for-
height and body mass index-for-age: Methods and development: 312.

. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, et al. (2007)

Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ 85(9): 660-667.

PLOS ONE | www.plosone.org

27.

28.

30.

31.

32.

36.

37.

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

HIV in Children from Eastern Zimbabwe

5. Nyamukapa CA, Gregson S, Wambe M, Mushore P, Lopman B, et al. (2010)

Causes and consequences of psychological distress among orphans in eastern
Zimbabwe. AIDS Care 22(8): 988-996.

Gomo E, Rusakaniko S, Mashange W, Mutsvangwa J, Chandiwana B, et al.
(2006) Household survey of HIV-prevalence and behaviour in Chimanimani
district, Zimbabwe, 2005.

Bandason T, Langhaug LF, Makamba M, Laver S, Hatzold K, et al. (2013)
Burden of HIV among primary school children and feasibility of primary school-
linked HIV testing in Harare, Zimbabwe: A mixed methods study. AIDS Care
25(12): 1520-1526.

[Anonymous] (2005) South African national HIV prevalence, HIV incidence,
behaviour and communication survey, 2005.

Tsheko GN, Odirile LW, Segwabe M, Bainame K (2005) A census of orphans
and vulnerable children in two villages in Botswana.

Munyati S, Rusakaniko S, Mupambireyi PF, Mahati ST, Chibatamoto PP, et al.
(2006) A census of orphans and vulnerable children in two zimbabwean districts.
Shisana O, Rehle T, Simbayi LC, Zuma K, Jooste S, et al. (2009) South african
national HIV prevalence, incidence, behaviour and communication survey
2008: A turning tide among teenagers?

. Zimbabwe Ministry of Health and Child Welfare (2010) Antenatal clinic HIV

surveillance report 2009.

. Bechtel K (2010) Sexual abuse and sexually transmitted infections in children

and adolescents. Curr Opin Pediatr 22(1): 94-99.

Girardet RG, Lahoti S, Howard LA, Fajman NN, Sawyer MK, et al. (2009)
Epidemiology of sexually transmitted infections in suspected child victims of
sexual assault. Pediatrics 124(1): 79-86.

Gellert GA, Durfee MJ, Berkowitz CD, Higgins KV, Tubiolo VC (1993)
Situational and sociodemographic characteristics of children infected with
human immunodeficiency virus from pediatric sexual abuse. Pediatrics 91(1):
39-44.

Hammerschlag MR (1998) Sexually transmitted diseases in sexually abused
children: Medical and legal implications. Sex Transm Infect 74(3): 167.
Lindegren ML, Hanson IC, Hammett TA, Beil J, Fleming PL, et al. (1998)
Sexual abuse of children: Intersection with the HIV epidemic. Pediatrics 102(4):
E461-E4610.

Schaaf HS (2004) Human immunodeficiency virus infection and child sexual
abuse. S Afr Med ] 94(9): 782-785.

Jewkes R, Levin J, Mbananga N, Bradshaw D (2002) Rape of girls in South
Africa. Lancet 359(9303): 319-320.

Meel BL (2003) A study on the prevalence of HIV-seropositivity among rape
survivals in Transkei, South Africa. J Clin Forensic Med 10(2): 65-70.
Nalwoga A, Maher D, Todd J, Karabarinde A, Biraro S, et al. (2012) Nutritional
status of children living in a community with high HIV prevalence in rural
Uganda: A cross-sectional population-based survey. Trop Med Int Health 15(4):
414-422.

Chiabi A, Lebela J, Kobela M, Mbuagbaw L, Obama MT, et al. (2012) The
frequency and magnitude of growth failure in a group of HIV-infected children
in Cameroon. Pan Afr Med J 11: 15.

Gaughan DM, Hughes MD, Oleske JM, Malee K, Gore CA, et al. (2004)
Psychiatric hospitalizations among children and youths with human immuno-
deficiency virus infection. Pediatrics 113(6): e544—e551.

. Ferrand RA, Lowe S, Whande B, Munaiwa L, Langhaug L, et al. (2010) Survey

of children accessing HIV services in a high prevalence setting: Time for
adolescents to count? Bull World Health Organ 88(6): 428-434.

WHO UNICEF, UNAIDS (2013) Global update on HIV treatment 2013:
Results, impact and opportunities.

Haleyur Giri Setty MK, Hewlett IK (2014) Point of care technologies for HIV.
AIDS Res Treat 2014(497046).

Mori Y, Kitao M, Tomita N, Notomi T (2004) Real-time turbidimetry of LAMP
reaction for quantifying template DNA. J Biochem Biophys Methods 59(2): 145~
157.

Zimbabwe Ministry of Health and Child Welfare (2012) Zimbabwe national
HIV and AIDS estimates 2011 (draft).

November 2014 | Volume 9 | Issue 11 | e113415



