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Treatment programs to prevent perinatal and postnatal HIV-1 transmission have
become available in sub-Saharan Africa, leading to an emerging population of
HIV-1 exposed uninfected (HEU) children. Exposure to HIV-1 in utero and during
breastfeeding may increase the risk of morbidity and mortality in HEU children.
This study estimated the association of the severity of maternal HIV-1 infection as
assessed by CD4 count and viral load at baseline (7 d postpartum), with dmft
count of their 5- to 7-yr-old HEU offspring. A follow-up study was conducted of
HIV-1-infected mother–HEU children pairs (n = 164) from the Ugandan site of
the ANRS 12341-PROMISE- PEP trial (ClinicalTrials.gov, number
NCT00640263). HIV-1-infected mothers were interviewed and the HEU children
were examined for caries using the World Health Organization’s survey methods
for field conditions and the dmft index. Directed acyclic graphs and negative bino-
mial regression were used for analyses. The prevalence of 1 or more dmft was
48%. Negative binomial regression showed no association between the dmft count
and maternal CD4 counts 7 d postpartum but a 10% lower dmft count with
longer breastfeeding duration was found. Maternal CD4 count at birth was not
associated with the dental caries experience in uninfected children born to women
without severe immune suppression, while there appeared to be a protective effect
of high viral load and breastfeeding duration.
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The burden of HIV-1 infection is substantial in sub-
Saharan Africa, and the absolute number of fertile (15–
44 yr of age) women infected with HIV-1 continues to
increase (1, 2). Infants born to mothers with HIV-1 are
at risk of becoming infected with HIV-1 through direct
exposure to the HIV-1 virus in utero, or during delivery
and lactation (3). The growing availability of antiretro-
viral therapy during pregnancy, delivery, and breast-
feeding has reduced the HIV-1 transmission rate from
mother to child, making the goal of global elimination
of pediatric HIV-1 infections increasingly likely (3). In
fact, the number of newly infected infants has
decreased by 58% worldwide, from an estimated
520,000 in 2000 to 220,000 in 2014, and 41% of this
decline occurred between 2010 and 2014 (3). The focus
of the ‘90-90-90’ treatment strategy recently adopted by

the Joint United Nations Programme on HIV and
AIDS (UNAIDS) is drastic reduction of new infections
and bending the trajectory of the epidemic (4). A con-
sequence of this successful treatment strategy is an
inevitable emerging population of HIV-1 exposed unin-
fected (HEU) children, particularly in sub-Saharan
Africa (5). While the elimination of HIV-1 transmission
from mother to child is of highest priority, the health
situation of a growing population of HEU children
cannot be ignored.

There is evidence suggesting that exposure to HIV-
1 in utero, intrapartum, and during breastfeeding may
confer a high risk of mortality, morbidity, and
growth retardation in children, even in the absence of
HIV-1 transmission (6, 7). EVANS et al (8) suggested
that the potential underlying causes of morbidity and
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mortality in HEU children centered around fetal
immune activation and immunological abnormalities
resulting from direct exposure to HIV-1 in utero.
Suboptimal health outcomes in HEU children have
also been associated with severity of maternal HIV-1
disease, and a decline in maternal CD4 count has
been associated with serious bacterial infections in
their offspring (9).

Whereas the burden of oral disease in HIV-1-in-
fected populations is well documented (10, 11), the
oral health situation of the emerging population of
HEU children is unclear at present. A previous study
comparing oral disease among HIV-1-infected and
HEU children in the USA observed higher dental car-
ies experience among HIV-1-infected youths than
among their HEU counterparts (12). Accordingly,
COKER et al. (13) studied dental caries experience in
HIV-1-infected, HEU, and HIV unexposed uninfected
Nigerian children, and found that caries was most
prevalent in the HIV-1-infected group and least preva-
lent in the HIV unexposed uninfected group. Previous
studies considering the health and oral health situa-
tion of HEU children are limited by relatively small
sample sizes, being cross-sectional in design, or being
prospective cohort studies with only short follow-up
times. Some have focused on the CD4 counts of chil-
dren with HIV-1 and did not investigate HEU chil-
dren in the context of maternal HIV-1 infection and
its severity. The most recent studies are also compli-
cated by exposure to maternal and infant antiretrovi-
ral therapy for preventing perinatal and postnatal
transmission, making the natural history of HIV-1
exposure difficult to determine.

As the primary dentition starts to develop in utero,
exposure to HIV-1 during pregnancy, delivery, and lac-
tation could affect the integrity of the enamel and its
subsequent resistance to tooth decay (14). Given the
scarcity of literature on the oral health of HEU chil-
dren and the known impact of oral diseases on the
daily lives of children and their families, it is important
to explore the oral health aspects of 5- to 7 yr-old
HEU children to guide policy and oral health-care
planning (15).

This study relies on the conceptual framework of
early life-course influences on oral health in HEU chil-
dren and adopts a causal approach by using directed
acyclic graphs (DAGs) (16, 17). According to the life-
course approach, early life circumstances (such as
exposure to maternal HIV-1 infection) may impact
subsequent caries development in the primary teeth,
either directly or through later life-course circum-
stances, suggesting a gradual accumulation of expo-
sures (18). The aim of this study was to investigate
the potential association of the severity of maternal
HIV-1 infection (assessed by CD4 count and viral
load at 7 d postpartum) with dental caries experience
of HEU children at 5–7 yr of age while adjusting for
other early and later life-course circumstances. It was
hypothesized that dental caries in primary teeth was
more prevalent among children exposed to mothers
with more severe HIV-1 infection than among children

exposed to mothers with less severe HIV-1 infection at
birth.

Material and methods

This observational study is a follow-up of dyads of HIV-
1-infected mothers and HEU children from the Ugandan
site of the ANRS121741-PROMISE-PEP trial (Clini-
calTrials.gov, number NCT00640263). The ANRS 12171
PROMISE-PEP, conducted between 2009 and 2013, was
a multicenter randomized controlled trial with the aim of
preventing HIV transmission to offspring. The inclusion
criteria were HIV-1-infected pregnant women, ≥18 yr of
age, intending to breastfeed, and who were not eligible
for antiretroviral therapy (for clinical reasons or because
of having a CD4 count of >350 cells ll�1). The aim of
the trial was to compare the effect of lopinavir–ritonavir
with lamivudine (given from day 7 postpartum until
either 50 wk postpartum or 1 wk after cessation of
breastfeeding) on the rate of HIV-1 transmission and
adverse events among HIV-1-exposed infants in Africa
(19). The women were recruited at 28–40 wk of gestation
at antenatal clinics in four African sites: Ouagadougou in
Burkina Faso; East London in South Africa; Mbale in
Eastern Uganda; and Lusaka in Zambia. Their newborn
infants were eligible for inclusion in the trial if they were:
singletons; breastfed at day 7 by their mothers; had a
negative HIV-1 DNA PCR; had received any perinatal
and postnatal HIV-1 treatment; and if the mother
intended to continue breastfeeding. Briefly, in the Ugan-
dan site, 278, 7-d-old uninfected children born to HIV-1-
infected women were randomly allocated to receive infant
prophylaxis [either lamivudine (3TC) or boosted Lopina-
vir/Ritonavir (LPV/r), daily] throughout the breastfeeding
period, plus or minus 1 wk, from day 7 to 50 wk post-
partum. The primary outcome was mother to child HIV-
1 transmission between day 7 and 50 wk postpartum,
diagnosed every third month with HIV-1 DNA PCR.
Detailed information on the PROMISE-PEP trial is pub-
lished elsewhere (19).

In 2017, some 244 of the 278 HIV-1-infected mothers
and their uninfected children were eligible for re-enrolment
in the follow-up study: the PROMISE-PEP Mechanism
Safety study (PROMISE-PEP M&S ANRS12341), con-
ducted in Mbale, Eastern Uganda. The criterion for re-en-
rolment was being a child whose HIV-1 serostatus had
remained negative since the end of the trial (50 wk post-
partum). Of the 166 HEU children re-enrolled, two were
excluded due to HIV-1 conversion. Thus, 67% (164/244)
of the potentially traceable HEU children were followed
up; 32% (n = 112) of the women originally enrolled in the
trial (and their children) were lost through attrition. The
eligible children were aged 5–7 yr at the 2017 follow-up
(Fig. 1).

This study uses information obtained from 164 mothers
with HIV-1-HEU child pairs at the 7 d postpartum
recruitment interview and at 50 wk postpartum, as well as
from interviews and clinical oral examinations at the fol-
low-up study in 2017. Ethical clearance was sought from
the School of Medicine Research and Ethics Committee,
Makerere University (SOMREC)-REC REF 2018-030;
Uganda National Council of Science and Technology
(UNCST)-HS 2373; and the Regional Committee for
Health and Medical Research (REK) �2017/760/REC
Sør-Øst from Norway.
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Assessment of severity of maternal HIV-1 status at
7 d postpartum and at the 2017 follow-up

The severity of maternal HIV-1 was assessed in terms of
CD4 counts (at the screening visit), viral load, and clinical
staging (at 7 d postpartum). The CD4 counts were deter-
mined using flow cytometry, viral load was measured
using a commercial real-time RNA PCR test (Generic
HIV Charge Virale; Biocentric, Bandol, France), and
HIV-1 clinically staged reported according to World
Health Organization (WHO) criteria (20). In the analysis,
CD4 count and viral load were continuous variables. The
latter was divided by 100, and the CD4 count was log-
transformed. The offspring’s HIV-1 status was determined
using HIV-1 DNA PCR, both at 7 d postpartum and at
the follow-up in 2017. A team of trained biologists, phar-
macists, physicians, and counsellors collected the data.

Anthropometry at 7 d postpartum and at the 2017
follow-up

Anthropometric measurements (in terms of weight and
height) were collected twice and according to WHO guide-
lines (http://www.who.int/childgrowth/training/en/) using a
weight scale (SECA 813 mobile digital weight scale;
SECA, Hamburg, Germany) and a stadiometer (SECA
213 mobile stadiometer; SECA). The measurements of
height (cm) and weight (kg) were reported to the nearest
decimal place. The WHO ANTHROPLUS 2007 software (21)
was used to generate height-for-age Z-scores (HAZ) at the
2017 follow-up. To measure the degree of undernutrition
we used low HAZ values, with HAZ values above �1
coded as 0 because the negative consequences (such as
child deaths) are substantial with lower anthropometric
measures (22, 23). The HAZ value at the 2017 follow-up
was used as a measure of chronic undernutrition. The
weight-for-age Z-score (WAZ) at day 7 postpartum was
used as an early measure of growth.

Interviews with mothers at baseline (7 d postpartum)
and at the 2017 follow-up

At baseline (7 d postpartum) and the 2017 follow-up, data
were collected in the local language (Lumasaaba) using
semi-structured questionnaires on case record forms
(CRFs) and entered online using the electronic data-cap-
ture system OPEN CLINICA (http://www.openclinica.com)
and EPIDATA (www.epidata.dk) respectively. Trained
research assistants carried out the interviews. The follow-
ing information was assessed at baseline (7 d postpartum),
and at 24 h and at 1-wk breastfeeding recalls ( � 2 days):
age; sex; presence of household assets (radio, television,
bicycle, motocycle/scooter, car/truck, refrigerator, com-
puter/laptop, mobile phone, smartphone); mothers’ marital
status; mothers’ occupation; mothers’ level of education;
presence of electricity in home; and whether delivery had
taken place in a clinic. At the 2017 follow-up, the mothers
with HIV-1 gave face-to-face interviews using semi-struc-
tured questionnaires developed and tested previously in a
similar population (24). Information on child’s age and
sex was obtained, in addition to the following details on
oral health: child’s use of oral health-care services, child’s
sugar consumption, and child’s oral hygiene behavior.
Measurement details of the variables used in analyses are
presented in Appendix S2.

Clinical oral examination of children at the 2017
follow-up

Two experienced and calibrated dental surgeons (NB and
MM) performed the clinical oral examination. Duplicate
examinations were performed 14 d apart in 26 children
who were not included in the ANRS12174-PROMISE-
PEP trial cohort, and the results were used to calculate
inter-rater and intra-rater reliability of the recordings.
Dental caries was assessed on fully erupted primary teeth
using the decayed, missing, and filled teeth (dmft) index,
in accordance with the WHO guidelines for field condi-
tions ((25)). A tooth was documented as decayed if it was
visually cavitated when examined using a dental mirror
and a periodontal probe. A tooth was recorded as missing
when it had been extracted because of caries, as confirmed
by the mother. In the present analysis, the dependent vari-
able, dental caries, was measured using the dmft index,
both as a count variable and as a dichotomous variable.
The count variable was the sum of the decayed, missing,
or filled teeth. The dichotomized variable was categorized
as absent (0) for a dmft count = 0 or present (1) for a
dmft count of >0.

Directed acyclic graphs

The causal structure underlying the effect of severity of
maternal HIV-1 infection (in terms of maternal CD4
count) on dental caries in the primary dentition of HEU
children was visualized and evaluated using directed acyc-
lic graphs (DAGs) (26, 27). According to the causal dia-
gram theory, DAGs are graphical tools guided by
qualitative assumptions that visualize the hypothesized
causal structure underlying the exposures and outcomes
under study, whilst considering potential confounders, col-
liders, and mediators (16, 17). A priori knowledge from
theory and empirical evidence guided the relationships
among the variables included in the postulated DAG, as
well as directionality of the paths within the DAG. Before

Fig. 1. Cohort flow diagram showing the participants of the
2017 follow-up
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being included in the DAG, the possible direct paths
between variables were evaluated for plausibility based on
theoretical and empirical evidence. A detailed description
of the relationship between the variables in the DAG is
provided in Appendix S3.

According to GREENLAND et al. (28), all paths having
arrowheads pointing from maternal CD4 to child’s dental
caries (i.e., front-door paths), and all back-door paths (i.e.,
alternative non-causal biasing paths between exposures and
outcome) not blocked by colliders (i.e., open back-door
paths), were identified and selected as the variables to be
included in the final regression analyses. In summary, early
lifecourse factors assessed at day 7 postpartum, such as
maternal CD4 count, viral load, socio-economic status,
maternal education, and child’s weight-for-age were assumed
to influence dental caries directly or indirectly through later
life course circumstances (breastfeeding duration, oral
hygiene behavior, sugar consumption and height-for-age).
According to the DAG depicted in Fig. 2, the front door
path from maternal CD4 through socio-economic status and
use of oral care services to dental caries is blocked by use of
oral care services being a collider on that path. All other
front door paths from maternal CD4 to dental caries
through socio-economic status are open and include inter-
mediate variables in terms of oral hygiene behavior, height-
for-age at follow-up, breastfeeding duration, and sugar con-
sumption. These later life course variables were assumed to
have independent effects on the dmft count at the 2017 fol-
low-up and were included as covariates in the final multiple
regression model. Finally, the back door path from maternal
CD4 through maternal viral load to dental caries is blocked
by inclusion of viral load as a confounder in the final regres-
sion model.

Statistical analysis

The statistical package STATA 15 (StataCorp, College
Station, TX, USA) was used for data analysis. To assess
differences in baseline (7 d postpartum) characteristics
between HEU children lost to follow-up and those
retained in the cohort, chi-square tests were used for cate-
gorical variables and independent sample t-tests were used
for continuous variables. The online software tool
DAGITTY (http://www.dagitty.net/) checked the DAG for
consistency and validity of the set of variables adjusted for
in the regression (29). The likelihood-ratio test comparing
negative binomial regression and Poisson models indicated
that the negative binomial model was more appropriate
than the Poisson model (P < 0.001). The dmft count was
analyzed using negative binomial regression with overdis-
persion of the mean from the variance. Incidence rate
ratios (IRRs) and their 95% CI were determined. To
adjust for potential differences in loss to follow-up, an
inverse probability weighted method (IPW) was applied
using probit regression for binary outcomes to predict the
risk of loss to follow-up based on background factors (so-
cio-economic status, level of education, and marital status)
(30). By using this method, participants are weighted by
the inverse of their probability of being followed up. First
of all, a probit regression analysis was conducted to iden-
tify the background factors that are associated with loss to
follow-up (socio-economic status, level of education and
marital status). This probability was then used to calculate
the inverse probability weight by calculating the inverse of
predicted scores for being lost to follow-up. The weights
were included in the regression models (using the P weight
command).

Fig. 2. Directed acyclic graph (DAG) indicating the main exposure (blue path/node; maternal CD4 count at day 7), outcome
(dental caries in red font), and the covariates in the regression model with green paths [oral hygiene behavior at the 2017 follow-
up; maternal viral load at day 7 postpartum; anthropometry (weight for age) at day 7 postpartum; undernutrition – height-for-
age Z-score (HAZ) – at the 2017 follow-up; breastfeeding duration at the 2017 follow-up; and salivary quality)
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Results

Inter-rater reliability analyses for assessment of dmft >
0 (caries)/dmft = 0 (no caries) across the dentition of
each child yielded a median kappa [interquartile range
(IQR)] of 0.7 (0.5–0.8). Intra-rater reliability analyses
yielded a median kappa value (IQR) of 0.6 (0.5–0.7).

Table 1 summarizes baseline (7 d postpartum)
sociodemographic and clinical characteristics of HIV-1-
infected mothers and their HEU children according to
follow-up status. In general, baseline characteristics did
not differ between those lost to follow-up and their
counterparts followed up 5–7 yr later. At baseline (7 d
postpartum), the mothers who were followed up had a
median age (25%–75% percentile) of 28 (23–30) years,
a viral load (IQR) of 4.3 (0.8–15.4) copies 9 103 ml�1,
and a CD4 count (IQR) of 524 (439–615) cells µl�1.
Corresponding data for the mothers lost to follow-up
were age 25 (22–28) years, a viral load of 4.3 (1.5–7.6)
copies 9 103 ml�1, and a CD4 count of 519 (417–639)
cells µl�1. Children’s WAZ and HAZ were similar
according to follow-up status. Boys comprised 50% of
the children who were followed up and 43% of the
children who were lost to follow-up.

Table 2 shows summary data of the various covari-
ates utilized in the analysis of the 164 participants
who were followed up. Most (63%) participants were
in the poorest quintile. The majority (62%) of moth-
ers had at least a primary level of education. Sixty
percent of mothers had a CD4 cell count of
>500 cells µl�1 and 26% had a viral load of
>1,000 copies ml�1 on day 7 postpartum. A majority
of the children had normal weight for their age on
day 7 postpartum and normal height for their age at
the 2017 follow-up. The median (IQR) child age at
the 2017 follow-up was 6 (5–6) yr, with 28%, 52%,
and 20% of children aged 5, 6, and 7 yr, respectively.
The prevalence of dmft > 0 was 48% and the mean
dmft score was 2.0 � 3.2.

The DAG depicted in Fig. 2 informed the adjustment
set of covariates and confounding variables to be
included in the regression model, in terms of sugar con-
sumption, breastfeeding duration, height-for-age, and
maternal viral load. As shown in Table 3, the negative
binomial regression of dental caries revealed no associ-
ation between CD4 count and dmft count (IRR = 0.94,
95% CI: 0.82–1.08), whereas viral load showed a mar-
ginally significant negative association with dmft count
(IRR = 0.72; 95% CI: 0.53–0.98). Regarding the effect
of breastfeeding duration, the results showed a 10%
lower dmft per month of breastfeeding duration
(IRR = 0.87; 95% CI: 0.87–0.94), while the risk of den-
tal caries was about twofold higher in those with good
oral hygiene behavior than in those with poor oral
hygiene behavior. Sensitivity analyses (using inverse
probability weighting) to assess potential differences as
a result of attrition, taking into account socio-economic
status, level of education, and marital status, revealed
similar findings as the analyses performed without
taking into acount inverse probablity weighting
(Table S1).

Discussion

This study is among the first to report on the preva-
lence of, and early life course influences on, dental car-
ies in the primary dentition of Ugandan HEU children
aged 5–7 yr. The present findings did not reveal a link
between maternal HIV-1 severity, assessed in terms of
CD4 count, immediately after delivery and dmft count
in HEU children at follow-up, whereas high viral load
seemed to have a protective effect. The assumption of

Table 1

Characteristics (grouped as continuous or categorical variables)
of mothers at baseline and of children at 7 d postpartum, strati-

fied according to follow-up status

Characteristic/Variable

Follow-up
(2017,
n = 164)

Lost to follow-up
(2017,
n = 112)

Mother’s characteristics
Continuous variables
Mother’s age (yr) 28 (23�30) 25 (22–28)
BMI (kg m�2) 23 (21�25) 23 (21–24)
Viral load (91000 ml�1) 4.3 (0.8–15.4) 4.3 (1.5–7.6)
CD4+ cells (µl�1) at
screening

524 (439–615) 519 (417–639)

Categorical variables
CD4 (≤500 cells) 66 (40) 52 (46)
HIV staging at d 7
(Stage I)

150 (91) 104 (93)

ART postpartum (yes) 117 (71) 81 (72)
Detectable viral load
(yes)

108 (68) 67 (61)

Arm (3TC) 84 (51) 55 (49)
Marital status
(married/cohabiting)

142 (86) 84 (75)

Occupation (working) 58 (35) 40 (36)
Parity (primiparous) 32 (19) 17 (15)
Clinic delivery (yes) 130 (79) 84 (76)
Electricity (yes) 59 (36) 36 (32)
Education level

None 7 (4) 6 (5)
Primary 65 (40) 54 (48)
End of primary 30 (18) 14 (12)
Secondary 50 (30) 31 (28)
End of secondary or
greater

12 (7) 7 (6)

Wealth quintiles
1 59 (36) 39 (35)
2 44 (27) 49 (44)
3 46 (28) 16 (14)
4 13 (8) 5 (4)
5 2 (1) 2 (2)

Child’s characteristics
Continuous variables
Weight-for-age Z-score
day 7

�0.1 (�0.6
to 0.4)

�0.3 (�0.9
to 0.3)

Height-for-age Z-score
day 7

�0.3 (�0.9
to 0.4)

�0.5 (�1.1
to 0.2)

Weight for height
Z-score day 7

�0.05 (�1.1
to 0.8)

�0.3 (�1
to 0.5)

Categorical variables
Sex (boys) 82 (50) 48 (43)

Data for continuous variables are given as median (interquartile
range) and data for categorical variables are given as n (%).
ART, antiretroviral therapy; BMI, body mass index.
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additional direct effects on dental caries from later life
course variables assessed at follow-up was confirmed in
that breastfeeding duration had a protective effect,
whereas good oral hygiene behavior was associated
with a higher incidence of dental caries – a result com-
pletely in contrast to that expected.

Use of DAGs for causal assessment has been advo-
cated for research but is yet to be widely implemented
in dentistry (31). Only a few previous studies have
applied DAGs in the analyses of empirical clinical and
public dental health data (16, 17). A major strength of
the present study is the use of DAGs to visualize the
causal structure underlying any effect of early life
course HIV-1 exposure on subsequent caries experience
in primary teeth and to guide the identification of
appropriate confounding variables and other covariates
to be included in the final regression analyses. Accord-
ing to the causal graph theory, variables along paths
closed by collider variables (i.e., a variable that is a

common effect of two other variables, such as use of
oral care services), should be left unadjusted to avoid
unblocking and creation of confounding bias. As
shown in Fig. 2, most front door paths from maternal
CD4 counts through socio-economic status were open
and included potential mediating life course variables
assessed at follow-up in 2017. The open biasing back
door path from maternal CD4 through maternal viral
load to dental caries was closed by adjusting for viral
load in the final regression model (16). The sources of
confounding bias, as identified by the DAGs, might not
be identified using conventional statistical methods
(27). However, it should be stressed that use of the
DAG theory assumes that the causal structure of the
underlying relationships studied is correct and hence is
an argument to use different possibilities of modeling
(32). Given the multifactorial and complex nature of
risk factors associated with dental caries, the authors
constructed the DAGs based on established risk factor
models as well as previous empirical evidence. In addi-
tion, the online tool, DAGitty, was used to enhance the
validity of the variables finally used in the regression
models (29). Another major strength of this study is its
long-term prospective design, which enhances the
potential to make valid causal conclusions. As to the
external validity of the present findings, it seems possi-
ble to generalize these to HEU children in the Ugandan
population as the study setting mirrors the general pop-
ulation in the HIV-1 context. A limitation of the pre-
sent study, as in most long-term prospective studies, is
attrition, with only 67% of the original cohort retained
because of loss to follow-up. It is unlikely, however,
that the estimates in this study were affected by selec-
tion bias because inverse probability weights based on
socio-economic variables were applied to adjust for
potential differences and did not change the unweighted
estimates. As shown in Table 1, the homogeneity
observed for the majority of baseline characteristics
between those retained in the cohort and those lost to

Table 2

Summary data, stratified according to categorical (A) and con-
tinuous (B) variables, of early life course factors in the study

group followed up at 5–7 yr of age (n = 164)

(A) Categorical variables Category n (%)

Baseline (7 d postpartum)
Maternal socio-economic

status
Poorest (quintile 1–2) 103 (63)
Least poor (quintile 3–5) 61 (37)

Maternal level of
education

Primary/end of primary 102 (62)
Secondary and above 62 (37)

Child’s WAZ ≤2 Underweight 6 (4)
Normal 158 (96)

Maternal CD4 count ≤500 cells µl�1 66 (40
>500 cells µl�1 98 (60)

Maternal viral load ≤1000 copies ml�1 122 (74)
>1000 copies ml�1 42 (26)

2017 follow-up
Child age groups 5 yr 46 (28)

6 yr 85 (52)
7 yr 33 (20)

Child’s HAZ ≤2 Stunted 15 (9)
Normal 149 (91)

Sugar consumption Low consumption 94 (58)
High consumption 69 (42)

Oral hygiene behavior Bad 41 (25)
Good 123 (75)

Use of oral health
services

No 155 (96)
Yes 9 (4)

dmft score dmft = 0 85 (52)
dmft > 0 79 (48)

(B) Continuous variables
Median (IQR)
or mean � SD n

Any breastfeeding duration
at 50 (wk)

40 (37–43) 163

Any breastfeeding at 2017
follow-up (months)

9 (6–9) 164

Child age at follow-up (yr) 6 (5–6) 164
Parents age at follow-up (yr) 32 (27–32) 164
dmft score 2.0 � 3.2 162

dmft, decayed, missing, and filled primary teeth; HAZ, height-for-
age Z-score; WAZ, weight-for-age Z-score.

Table 3

Negative binomial regression of dental caries and maternal
HIV-1 severity (determined according to CD4 count), adjusted

for early life course variables

Variable IRR (95% CI)

Maternal CD4 count (µl�1) 0.94 (0.82–1.08)
Maternal viral load (9 1000 ml�per ten

time increase)
0.72 (0.53–0.98)

Weight-for-age at d 7 postpartum (WAZ) 1.12 (0.49–2.56)
Breastfeeding duration (per monthly

increase)
0.87 (0.80–0.94)

Sugar consumption
Low sugar consumption 1
High sugar consumption 1.05 (0.60–1.82)
Oral hygiene behavior
Bad 1
Good 1.96 (1.01–3.79)
Undernutrition (degree of stunting) (HAZ) 0.79 (0.52–1.20)

HAZ, height-for-age Z-score; IRR, incidence rate ratio; WAZ,
weight-for-age Z-score.
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follow-up made it less possible that selection bias
affected the results. A major limitation is the lack of a
concomitant HIV-1-uninfected control cohort from the
same setting; thus, it is difficult to infer any effect or
null effect in relation to maternal HIV-1 severity. A
further limitation is use of the dmft index to assess den-
tal caries in deciduous teeth; although a standard for
use in field studies, this index weighs untreated caries,
missing teeth, and restored teeth similarly (33).

Although the effects of exposure to HIV-1 during
pregnancy, delivery, and lactation on the postnatal
development of HEU children remain uncertain, previ-
ous studies in sub-Saharan Africa have reported
increased infant morbidity according to low maternal
CD4 counts, which is not explained by maternal mor-
tality (34–36). By contrast, low maternal CD4 count
did not increase the IRRs of having caries in primary
teeth for the HEU children investigated in this study.
This study’s results are at odds with those of some pre-
vious studies (35, 37–40), but in accordance with others
(41, 42). The absence of an effect of maternal CD4
count on caries might be explained by the particular
characteristics of the HEU children investigated, being
born to mothers who did not qualify for ARV therapy
during pregnancy because of less-advanced infection
and high immune competency (i.e., CD4 count >
350 µl�1). Moreover, HEU children participating in
this study were exposed to 50 wk of prophylaxis (lopi-
navir/ritonavir and lamivudine) that might have pro-
tected them from immunologic deficiencies in breast
milk and early infections. Theoretically, infant infec-
tions might be on the causal pathway from HIV expo-
sure to subsequent caries in the primary dentition (43).
The findings reported by MOSCOCKI et al. (12), who
found no association of oral disease with CD4 count
and viral load among HIV-1-infected youths, are simi-
lar to those of the present study. However, in the pre-
sent study we investigated the effect of maternal HIV-1
markers assessed immediately after childbirth, whereas
other studies investigated those markers in HIV-1-in-
fected children themselves. In addition, most previous
studies have been of cross-sectional or short-term
prospective design, making valid comparisons difficult
(12, 13). No other published study assessing caries
experience in primary teeth of HEU children according
to maternal HIV-1 status at birth were available for
comparison.

As regards early life course determinants of dental
caries other than maternal HIV-1 exposure, the present
findings complement those from previous studies (17,
41). Thus, the present findings suggest that dental caries
experience was lower in children with longer duration
of breastfeeding. This might be explained partly by a
possible late first time exposure to sugar when children
are breastfed, as reported previously (44). These find-
ings corroborate recent reviews that have documented
less dental caries experience with any breastfeeding
duration under 1 yr (17, 41, 42). Unexpectedly, the pre-
sent findings indicated that those with good oral
hygiene behavior had double the risk of dental caries at
age 5–7 yr. This could have been a chance finding or a

result of under-powered analysis, but might also reflect
that children reporting appropriate oral hygiene habits
are those visiting the dentist most frequently because
they are in most need for dental care.

The low uptake of dental services depicted in Table 2
may be attributed to the fact that most of the Ugandan
population seeks dental services for pain and other
curative reasons, although preventive oral health care is
emphasized in the national oral health policy. OKULLO

et al. (45) showed that seeking dental care for tooth-
ache was associated positively with dental caries experi-
ence among adolescents in Uganda. Further work is
recommended to study dental health service uptake
among preschool children in the Ugandan context.

In summary, maternal CD4 count at birth was not
associated with the dental caries experience in HIV-1-
uninfected children born to women without severe
immune suppression, while there appeared to be a pro-
tective effect of breastfeeding duration and higher viral
load.
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