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Abstract

Background—Although HIV infection is associated with well-known oral pathologies, there 

remains a dearth of comparative studies aimed at determining the association between HIV 

infection/exposure and early childhood caries.

Methods—This is a cross-sectional study using a convenience sample of 3 groups of children 

receiving care at a tertiary care hospital in Nigeria. The groups include HIV infected (HI); HIV 

exposed but uninfected (HEU); and HIV unexposed and uninfected (HUU) children aged 6 

through 72 months. Medical records were reviewed and caregivers were interviewed for socio-

demographic, maternal and birth factors as well as early feeding and dietary information. Oral 

examinations were performed by trained dentist-examiners.

Results—Of 335 children enrolled, 33 (9.9%) presented with caries. In an adjusted analysis, 

compared to HUU children, HI children had significantly greater odds of having caries (OR=2.58; 

95%CI=1.04–6.40; p=0.04); but there was no statistically significant difference in HEU children 

(OR=2.01; 95%CI=0.56–7.23; p=0.28). Factors significantly associated with higher caries 

prevalence include low CD4 counts and percentage, older age, longer duration of breastfeeding 

and spontaneous membrane rupture during delivery.

Conclusions—Caries was more prevalent in HIV infected children. These findings support the 

need to target HIV infected children for oral health prevention and treatment services particularly 

in Nigeria and other developing countries.
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Introduction

HIV infection is characterized by progressive impairment of the immune system and the 

development of opportunistic infections particularly in the oral cavity. About 30–80% of 

HIV infected (HI) individuals present with one or more oral diseases (often termed “oral 

manifestations of HIV”). (1–3)

Despite the overall reduction in incidence of oral manifestations of HIV in the last decade, 

largely attributed to the introduction of highly active antiretroviral therapy (HAART), there 

have been reports of increased caries experience in HI populations.(4) Dental caries is 

associated with clinical, social, psychological and economic consequences particularly in 

children. Early childhood caries (ECC), which could interrupt balanced nutrition, 

development and consequently lead to failure to thrive, is a significant problem particularly 

in developing nations such as Nigeria (which has the second highest burden of HIV infection 

in the world after South Africa).(5) Although there is still no clear consensus, Obileye et al 

reported caries prevalence of 39.5% among Nigerian HI children while other studies have 

reported low prevalence rates in HI children or no association between HIV infection and 

caries.(6–8)

In Nigeria, where 3.4 million people are living with HIV, about 200,000 children are born to 

HIV infected women every year.(9) With improved antiretroviral (ART) scale-up for the 

prevention of mother-to-child HIV transmission (PMTCT), there is evidence suggesting that 

the growing population of HIV exposed but uninfected (HEU) children have an increased 

susceptibility to early life infections and greater immunological impairment compared to 

HIV-unexposed/uninfected (HUU) children born to HIV uninfected mothers. (10–13)

Given the above, there is a need to further examine the relationship between caries and HIV 

infection particularly in regions where the burden of HIV infection is highest i.e. sub-

Saharan Africa. Furthermore, there is no current report evaluating the effect of HIV perinatal 

exposure without infection (HEU) on caries prevalence, compared to HUU children. 

Notably, comparative studies are limited in the literature worldwide and non-existent in 

Nigeria. The objectives of this study were to compare the prevalence of early childhood 

caries in HI and HEU children with HUU children (as controls) and to identify other factors 

associated with early childhood caries in Nigerian children. We hypothesized that the 

prevalence of caries will be higher in HI and HEU children, compared to HUU children.

Methods

Study Design and Population

This was a cross sectional study of children aged 6–72 months receiving care and treatment 

from February through October 2014, at the University of Benin Teaching Hospital (UBTH) 

in Benin City, Edo State, Nigeria. We enrolled a convenience sample of three groups of 

children, HI children, HEU children and HUU children as they attended routine well-child/

monitoring clinics. Only children aged 6–72 months, who had at least one tooth erupted and 

whose parents or guardians provided written informed consent, were eligible to participate. 

This age range was chosen to reflect the risk of ECC. Children whose HIV status could not 
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be determined were excluded from the study. This study was approved by the institutional 

review boards at UBTH and the University of Maryland, Baltimore (UMB).

Determination of HIV perinatal exposure and HIV infection

Prenatal exposure to HIV was determined based on review of maternal and child medical 

records and current HIV status of child. Pregnant women who attend the antenatal clinic at 

UBTH are routinely tested for HIV-1 antibodies by enzyme-linked immunosorbent assay 

(ELISA; Vironostica, BioMerieux) and confirmed by Western blot (Immunetics, Boston). 

Pediatric HIV infection was ascertained by the laboratory detection of HIV DNA using PCR 

in children < 18 months of age and by detection of antibodies with HIV serology in children 

> 18 months of age. Blood was collected from all participants (regardless of HIV exposure 

or infection status) for CD4+ measurements (counts and percentages).

Oral Examination

ECC is defined as the presence of one or more decayed (noncavitated or cavitated lesions), 

missing (due to caries), or filled tooth surfaces in any primary tooth in a child 71 months of 

age or younger.(14) To determine the presence of decayed lesions, standardized oral clinical 

examination was conducted blindly (without knowledge of their HIV infection or exposure 

status) by 2 similarly trained and calibrated dentist-examiners according to the National 

Institute of Dental and Craniofacial Research (NIDCR) criteria (15). All teeth present in the 

oral cavity were assessed with the aid of artificial light, a dental mirror and a dental probe to 

detect white spots and cavitated lesions, and children were classified as either “caries free” 

or “caries affected” based on the presence of at least one cavity or white-spot lesion on any 

tooth surface in the mouth. Radiography was not used in this study. The 2 examiners were 

calibrated to ensure inter-examiner and intra-examiner reliability for the presence or absence 

of caries per tooth in about 31 children with 342 teeth (8 carious). The inter-examiner 

Cohen’s Kappa value was 0.84 and intra-examiner Cohen’s Kappa values for the two 

examiners were 0.91 and 0.89. Caries severity was measured using the dft index (number of 

decayed or filled primary teeth) and DMFT index (number of decayed, missing or filled 

permanent teeth). The presence of other mucosal and oro-dental conditions such as 

candidiasis, salivary gland swellings, gingivitis, ulcers and lymph node swellings, were 

observed and recorded by the dentist-examiners.

Measurement of Covariates

Information regarding each child’s sociodemographic profile (age and sex), clinical status, 

birth factors and oral hygiene practices were collected via medical chart reviews and 

structured questionnaires. Maternal age, education and employment status were also 

collected and recorded from mother or caregiver (in cases where mother was dead or 

unavailable). A previously validated food and drink frequency questionnaire was adapted 

and administered to examine the child’s current and early infant feeding practices.(16) 

Regular intake of sugary food or drinks was defined as consuming foods or drinks 

containing refined sugar 2 or more times a week.

Coker et al. Page 3

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical Analysis

All analyses were conducted using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). 

We calculated the proportion of children who had caries or one or more oral diseases among 

the 3 groups. We also determined the dft/DMFT indices and compared them across the 

groups. Unadjusted odds ratios for the associations between caries and HIV infection/

exposure were calculated. To determine group differences (HI vs. HUU, and HEU vs HUU), 

associations between categorical variables were assessed using Pearson’s Chi-square or 

Fisher’s exact test where appropriate. For continuous variables, a t-test and/or an ANOVA F 

test were performed. Covariates found to be associated with caries and HIV infection or 

exposure were examined for confounding and effect modification in stratified analyses. A 

multivariable logistic regression model evaluated the association between HIV infection or 

exposure on the odds of having one or more carious lesions while controlling for 

confounders and allowing for effect modification. Because we hypothesized that 

immunosuppression mediates the relationship between HIV infection/exposure and caries, 

we did not include CD4 lymphocyte counts or percentages in the final multivariable logistic 

regression model. Thereafter, we evaluated the relationship between CD4 counts/percentages 

on caries without including HIV infection and exposure status.

Results

Study Population

A total of 335 children participated in the study. Of these, 100 were HI, 105 were HEU and 

130 were HUU children (Figure 1). The characteristics of the children are described in Table 

1 – where 167 (49.9%) were female and the mean age at enrollment was 40.6 months 

(standard deviation [SD] = 18.1; range, 9–72 months).

Socio-Demographic, Clinical, Dietary and Maternal Characteristics by Study Group

Differences in demographic, immunologic, dietary, birth and maternal characteristics of the 

children were examined by study group as shown in Table 1. Overall, the 3 study groups 

significantly differed from each other in terms of age, mean CD4 lymphocyte count, mean 

CD4 percent values, ART exposure, duration of breastfeeding, number of primary teeth 

erupted, gestational age at birth, mode of delivery, membrane rupture method (spontaneous 

or induced/artificial), maternal education, mother’s employment and marital status (based on 

comparisons across all groups).

HI vs. HUU children

Compared to HUU children, HI children were significantly different with respect to certain 

characteristics (Table 1). HI children were more likely to be older, be born at an older 

gestational age, and with a larger number of erupted primary teeth. HI children weighed less 

at the time of this study, had lower CD4 lymphocyte counts and percentages, and were less 

likely to be delivered via artificial membrane rupture or be breastfed when compared to 

HUU children. Among the HI group, six children were not receiving ART at the time of 

enrollment. Among those on ART, the median duration of time on ART was 15 months 

[interquartile range (IQR): 2–34 months] and 78% of them were on the zidovudine (ZDV)-
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containing first-line regimen (ZDV/3TC/NVP). Furthermore, mothers of HI children were 

more likely to be dead or aged over 40 than mothers of HUU children. They were also less 

likely to have a post-secondary education, professional employment or a married partner at 

the time of the study when compared to HUU children.

HEU vs. HUU children

In general, HEU children were more like HUU children than HI children (Table 1). 

Compared to HUU children, HEU children were younger and were less likely to be 

breastfed when compared to HUU children. Although HEU children did not differ 

significantly from HUU children in terms of CD4 counts and percentages, birth factors such 

as birth weight, gestational age and type of membrane rupture for delivery, their mothers 

were less likely to have a post-secondary education or professional employment at the time 

of the study.

Caries Prevalence

Overall, 9.9% of children presented with one or more carious lesions. Compared to 11% 

caries prevalence in HUU children, 17% of HI children (p=0.05) and 5% of HEU children 

(p=0.26) had caries (Table 1). Most of the carious lesions were found in the primary 

dentition; only one child (in the HUU group) had a carious lesion in his permanent dentition. 

Figure 2 shows the distribution of all oral findings by study group.

Table 2 shows the risk factors associated with caries in the unadjusted and adjusted analyses. 

In the unadjusted analysis, HIV infection, older age, immunosuppression (CD4 lymphocyte 

count), longer duration of breast feeding, spontaneous (vs. artificial) membrane rupture were 

associated with a higher caries prevalence. In a multivariable model excluding CD4 

measures (Table 2), HIV infection remained significantly associated with caries (OR =2.58; 

95% CI=1.04–6.40, P=0.04). HEU children did not significantly differ from HUU children 

in terms of caries prevalence. HIV exposure and lack of infection (HEU vs HUU) was not 

independently associated with caries (OR= 2.01; 95% CI =0.56–7.23, p=0.28).

Table 3 shows the association between caries and CD4 measure within models that did not 

include the study group (HIV infection or exposure). Specifically, having CD4 counts <750 

cells/mm3 was significantly associated with caries prevalence in an unadjusted (OR=3.29; 

95%CI =1.57–6.50, P=0.002) and adjusted analyses (OR=2.70; 95%CI =1.17–6.20, P=0.02). 

Low CD4 percentages (<22%) were not significantly associated with caries in a univariate 

unadjusted analysis (OR=1.60; 95%CI =0.75–3.43, P=0.23). However, in an adjusted 

analysis, there was trend towards an association between low CD4 percentage values and 

caries prevalence (OR=2.30; 95%CI =0.96–5.53, P=0.06).

Severity of Caries

Overall the mean dft score was 0.33 +1.15 (mean ±SD) (Table 1) and among the 33 children 

who had caries, the mean dft score was 3.27 (SD =1.91) (not shown in Table). About 82% of 

children who presented with dental caries had a dft score ≥2. Compared to HUU children, 

HI children had more severe caries as indicated by a higher dft score (0.62 vs 0.27; P=0.04); 

however there were no significant differences in DFMT scores as the carious lesions were 
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found mostly in the primary/deciduous dentition (Table 1). In an adjusted analysis (not 

shown in Table), the mean dft score for HI children was significantly higher by 0.38 when 

compared to HUU children (P=0.02). HEU children did not have a significantly higher dft 

score compared to HUU children (P=0.38).

Discussion

In this first comparative study of the association between HIV exposure or infection and 

dental caries in young Nigerian children, we observed a higher prevalence of dental caries in 

the HI group when compared to the HUU group. However, HIV exposure alone, without a 

diagnosis of infection, did not appear to significantly increase the odds of having caries or 

the presentation of any oral pathology compared to HUU children.

These study findings must be considered in the context of the age distribution of this study 

population. PMTCT has been successfully practiced in UBTH (evidenced by perinatal HIV 

transmission rates of about 2% in the last 5 years); hence 50% of the HI children eligible and 

available for recruitment in this study were beyond the age of 4. (17) Consequently, HI 

children were considerably older than HEU and HUU children enrolled in this study. 

However, even after adjustment for age and other key covariates, there is moderate evidence 

to suggest that HIV infection is an independent risk factor for caries. The possible reason for 

this finding could be that an immunocompromised condition could increase the risk of 

microbial colonization, particularly cariogenic bacteria, leading to tooth decay. Several 

studies have reported that the high prevalence of caries in HI children is associated with 

reduced CD4+ T-lymphocyte values.(18–21) Our results also support the fact that, even in a 

population with well controlled HIV infection, immunosuppression remained significantly 

associated with caries. In addition to compromised immunity, several authors have attributed 

the higher caries prevalence in HI children to reduced salivary flow, high sucrose levels in 

pediatric syrups and/or changes in bacterial profiles.(22–24)

We observed a non-significant increase in odds in HEU children compared to HUU children. 

We had hypothesized that HEU children, reported to have an impaired immune system due 

to perinatal exposure to HIV and an increased susceptibility to infection early in life, are 

more likely to acquire cariogenic bacteria and subsequently have caries, but results from this 

study do not support this. (25–30). It is possible that HIV infection has a more disruptive 

effect on the oral microbiome and subsequently oral health compared to perinatal HIV 

exposure.

Other factors that were associated with caries, such as age, CD4 count and duration of 

breastfeeding, have been previously reported. (20, 31) An increased odds of caries among 

those who were born after a spontaneous membrane rupture (vs. an artificial membrane 

rupture) has not been reported elsewhere. Our study provides marginal evidence to suggest 

that children born after an induced /artificial membrane rupture in this study population are 

less likely to develop caries compared to those born after a spontaneous membrane rupture; 

however, these findings must be taken with caution. Although other studies have reported 

that mode of delivery is associated with ECC, it remains unclear whether type of membrane 
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rupture or mode of delivery can determine the composition of oral microbiota and 

subsequently influence cariogenesis. (32, 33)

Despite the well-known role sugary substrates play in cariogenesis, our study did not show a 

significant association between regular sugar intake (in terms of consumption of foods with 

high cariogenic potential) and caries.(34, 35) Reported consumption of refined sugar was 

low in this population. It is possible that we were unable to accurately measure or assign true 

cariogenic potential of dietary fermentable carbohydrates recorded within the food and drink 

questionnaire. Parents/Wards might have differentially under-reported consumption of 

refined sugar; however, other studies have suggested no correlation between caries 

experience and the intake/frequency of sugar intake in a population with carbohydrate-rich 

diet.(36, 37)

Our study has some limitations. Within a cross sectional design, we were not able to assess 

baseline factors and fully examine the changes in oral health and associated risk factors over 

time. Prospective studies are required to examine the relationship between HIV, immune 

status and caries. With our population of children aged 6 to 72 months, there is a high degree 

of heterogeneity in terms of age. We admit to the possibility of residual confounding by 

other factors associated with age and although the convenience sample may not be 

completely representative of the entire population of young, HI, HEU and HUU children in 

Nigeria; we are confident that our findings are generalizable to children at risk for ECC. 

Improved access to ART within this setting made it difficult to evaluate the prevalence of 

caries in HIV infected children who are not receiving ART or in children with progressive 

HIV infection. Again, in the future, a multi-center prospective study design will address this 

issue. For this study, we relied on clinical detection while radiographic assessments are often 

required for a definitive caries diagnosis. Although this limitation has the potential of 

underestimating the prevalence of caries, we do not expect this to significantly impact our 

results.

Despite these limitations, to our knowledge, this is the largest study comparing caries 

prevalence in HI and HEU children to HUU children, as well as documenting other risk 

factors for ECC in Nigerian children. In conclusion, we observed that HI children 

experience more caries and non-HIV related oral diseases than their uninfected counterparts 

even when receiving ART; however, CD4+ cell counts and percentages appear to be stronger 

determinants. A compromised immune status might play a more important role (than HIV 

infection or perinatal exposure) in the colonization of cariogenic bacteria such as S. mutans 
which subsequently increases the risk of developing caries.

The results of this study suggest that HI children on ART are in need of an integrated oral 

health management-based strategy focusing on clinical and preventive treatment. We 

observed higher, but not significant, odds of presenting with caries in HEU children 

compared to HUU children so there is a need to evaluate whether perinatal HIV exposure 

alone significantly increases the risk of acquiring cariogenic bacteria. Large longitudinal 

studies will allow us examine the responses of the oral microbiota to immunologic and 

dietary changes over time.
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Figure 1. Identification of Study Population
Figure shows a flow chart describing recruitment of study participants. The study groups are 

as follows: HI= HIV infected; HEU = HIV exposed but uninfected; HUU= HIV unexposed 

and uninfected
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Figure 2. Distribution of Oral Pathologies among HIV infected (HI), HIV exposed but uninfected 
(HEU) and HIV unexposed and uninfected (HUU) children
This figure shows the distribution of oral pathologies by study group. P value was derived 

from an ANOVA test of comparison across all study groups. HI= HIV infected; HEU = HIV 

exposed but uninfected; HUU= HIV unexposed and uninfected

Coker et al. Page 12

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 13

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 S

tu
dy

 P
op

ul
at

io
n 

(N
=

33
5)

St
ud

y 
G

ro
up

C
ha

ra
ct

er
is

ti
cs

To
ta

l (
N

=3
35

)
H

I 
(N

=1
00

)
H

E
U

 (
N

=1
05

)
H

U
U

 (
N

=1
30

)

n
(%

)
(%

)
(%

)
(%

)
p-

va
lu

e*

D
em

og
ra

ph
ic

s

  S
ex

0.
41

   
   

M
al

e
16

8
(5

0.
2)

55
(5

5.
0)

53
(5

0.
5)

60
(4

6.
2)

   
   

Fe
m

al
e

16
7

(4
9.

9)
45

(4
5.

0)
52

(4
9.

5)
70

(5
3.

9)

  A
ge

 in
 m

on
th

s,
 m

ea
n 

(s
ta

nd
ar

d 
de

vi
at

io
n 

[S
D

])
40

.6
(1

8.
1)

48
.2

3
(1

7.
7)

34
.6

3
(1

8.
2)

39
.5

2
(2

1.
2)

<0
.0

00
1

  A
ge

 C
at

eg
or

ie
s

<0
.0

00
1

   
   

<
 2

4 
m

on
th

s
85

(2
5.

4)
9

(9
.0

)
36

(3
4.

23
)

40
(3

0.
8)

   
   

24
 to

 <
36

 m
on

th
s

71
(2

1.
2)

24
(2

4.
0)

25
(2

3.
8)

22
(1

6.
9)

   
   

36
 to

 <
48

 m
on

th
s

55
(1

6.
4)

16
(1

6.
0)

16
(1

5.
2)

23
(1

7.
7)

   
   

48
 to

 <
 6

0 
m

on
th

s
43

(1
2.

8)
16

(1
6.

0)
17

(1
6.

2)
10

(7
.7

)

   
   

60
 to

 <
72

 m
on

th
s

81
(2

4.
2)

35
(3

5.
0)

11
(1

0.
5)

35
(2

6.
9)

Im
m

un
ol

og
ic

 S
ta

tu
s

  C
D

4 
co

un
t, 

ce
lls

/m
m

3  
m

ea
n 

(S
D

)
11

31
(5

53
)

10
18

(6
47

)
11

47
(4

92
)

12
06

(5
12

)
0.

03

  C
D

4 
co

un
t, 

ce
lls

/m
m

3
<0

.0
00

1

   
   

<
 7

50
76

(2
8.

4)
38

(3
9.

0)
18

(1
7.

1)
20

(1
5.

9)

   
   

≥ 
75

0
  2

59
(7

1.
6)

62
(6

0.
0)

87
(8

2.
9)

11
0

(8
4.

6)

  C
D

4 
pe

rc
en

t, 
%

 m
ea

n 
(S

D
)

28
.6

9
(1

3.
3)

25
.4

5
(1

2.
3)

27
.3

7
(1

2.
7)

32
.2

5
(1

3.
8)

0.
00

03

  C
D

4 
pe

rc
en

t, 
%

0.
00

3

   
   

C
D

4 
%

 <
 2

2
95

(2
8.

4)
39

(3
9.

0)
35

(3
3.

3)
21

(1
6.

1)

   
   

C
D

4 
%

 ≥
 2

2
24

0
(7

1.
6)

61
(6

0.
0)

70
(6

6.
7)

10
9

(8
3.

8)

A
R

T
 E

xp
os

ur
e

   
   

C
ur

re
nt

ly
 o

n 
A

R
T

94
(2

8.
1)

94
(9

4.
0)

0
(0

)
0

<0
.0

00
1

   
   

A
R

T
 P

ro
ph

yl
ax

is
 o

nl
y

86
(2

5.
7)

1
(1

.0
)

85
(8

0.
9)

0

   
   

N
o 

A
R

T
 e

xp
os

ur
e

15
5

(4
6.

3)
5

(5
.0

)
20

(1
9.

0)
13

0
(1

00
.0

)

E
ar

ly
 f

ee
di

ng
 P

ra
ct

ic
es

  D
ur

at
io

n 
of

 B
re

as
tf

ee
di

ng
, m

on
th

s;
 m

ea
n 

(S
D

)
8.

59
(6

.5
)

8.
99

(6
.6

)
3.

77
(4

.7
)

12
.1

5
(5

.1
)

<0
.0

00
1

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 14

St
ud

y 
G

ro
up

C
ha

ra
ct

er
is

ti
cs

To
ta

l (
N

=3
35

)
H

I 
(N

=1
00

)
H

E
U

 (
N

=1
05

)
H

U
U

 (
N

=1
30

)

n
(%

)
(%

)
(%

)
(%

)
p-

va
lu

e*

  B
re

as
t f

ee
di

ng
 c

at
eg

or
ie

s
<0

.0
00

1

   
   

N
ev

er
 b

re
as

t f
ed

68
(2

0.
3)

15
(1

5.
0)

50
(4

7.
6)

3
(2

.3
)

   
   

≤ 
12

 m
on

th
s

15
7

(4
6.

9)
50

(5
0.

0)
45

(4
2.

9)
62

(4
7.

7)

   
   

>
 1

2 
m

on
th

s
11

0
(3

2.
8)

35
(3

5.
0)

10
(9

.5
)

65
(5

0.
0)

D
ie

t

  R
eg

ul
ar

 I
nt

ak
e 

of
 S

ug
ar

y 
dr

in
ks

 a
nd

 f
oo

ds
0.

61

   
   

Y
es

11
1

(3
4.

9)
30

(3
0.

9)
36

(3
7.

1)
45

(3
6.

9)

   
   

N
o

20
7

(6
5.

1)
67

(6
9.

1)
63

(6
3.

6)
77

(6
3.

1)

  S
le

ep
in

g 
of

f 
w

hi
le

 b
ot

tle
/b

re
as

t f
ee

di
ng

0.
33

   
   

R
eg

ul
ar

ly
44

(1
3.

5)
13

(1
3.

0)
18

(1
7.

3)
13

(1
0.

6)

   
   

N
on

e/
 R

ar
el

y
28

3
(8

6.
5)

87
(8

7.
0)

86
(8

2.
7)

11
0

(8
9.

4)

O
ra

l H
yg

ie
ne

 a
nd

 H
ea

lt
h

  N
um

be
r 

of
 e

ru
pt

ed
 p

ri
m

ar
y 

te
et

h,
 m

ea
n 

(S
D

)
17

.2
1

(4
.8

)
18

.6
3

(3
.5

)
16

.6
0

(5
.0

)
16

.6
1

(5
.2

)
0.

00
2

  F
re

qu
en

cy
 o

f 
te

et
h 

cl
ea

ni
ng

0.
35

   
   

L
es

s 
th

an
 o

nc
e 

da
ily

32
(9

.5
)

6
(6

.0
)

12
(1

1.
4)

14
(1

0.
8)

   
   

A
t l

ea
st

 o
nc

e 
da

ily
30

3
(9

0.
4)

94
(9

4.
0)

93
(8

8.
6)

11
6

(8
9.

2)

B
ir

th
 F

ac
to

rs

  G
es

ta
tio

na
l a

ge
 a

t B
ir

th
 in

 w
ee

ks
, m

ea
n 

(S
D

)
36

.9
7

(2
.8

)
37

.6
5

(2
.8

)
36

.8
2

(3
.7

)
36

.6
0

(1
.6

)
0.

02

  M
od

e 
of

 D
el

iv
er

y
0.

00
7

   
   

C
ae

sa
re

an
26

(7
.8

)
3

(3
.0

)
15

(1
4.

3)
8

(6
.1

)

   
   

V
ag

in
al

30
9

(9
2.

2)
97

(9
7.

0)
90

(8
5.

7)
12

2
(9

3.
8)

  M
em

br
an

e 
R

up
tu

re
0.

04

   
   

Sp
on

ta
ne

ou
s

22
2

(6
7.

5)
73

(7
3.

0)
66

(6
2.

9)
83

(6
3.

8)

   
   

In
du

ce
d/

A
rt

if
ic

ia
l

10
7

(3
2.

5)
21

(2
1.

0)
39

(3
7.

1)
47

(3
6.

1)

M
at

er
na

l F
ac

to
rs

  M
ot

he
r's

 a
ge

 a
t E

nr
ol

lm
en

t
0.

08

   
   

M
ea

n,
 (

SD
)

33
.3

6
(6

.1
)

34
.5

7
(5

.5
)

33
.3

0
(6

.4
)

32
.6

1
(6

.3
)

  H
ig

he
st

 e
du

ca
tio

n 
co

m
pl

et
ed

0.
00

04

   
   

N
on

e
8

(2
.5

)
5

(5
.6

)
3

(2
.9

)
0

0.
0

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 15

St
ud

y 
G

ro
up

C
ha

ra
ct

er
is

ti
cs

To
ta

l (
N

=3
35

)
H

I 
(N

=1
00

)
H

E
U

 (
N

=1
05

)
H

U
U

 (
N

=1
30

)

n
(%

)
(%

)
(%

)
(%

)
p-

va
lu

e*

   
   

St
ar

te
d 

Pr
im

ar
y

62
(1

9.
4)

26
(2

8.
9)

22
(2

1.
4)

14
(1

1.
0)

   
   

St
ar

te
d 

Se
co

nd
ar

y
15

6
(4

8.
7)

41
(4

5.
6)

57
(5

5.
3)

58
(4

5.
7)

   
   

Po
st

-s
ec

on
da

ry
84

(2
6.

2)
14

(1
5.

6)
18

(1
7.

5)
52

(4
0.

9)

   
   

O
th

er
10

(3
.1

)
4

(4
.4

)
3

(2
.9

)
3

(2
.4

)

  E
m

pl
oy

m
en

t S
ta

tu
s

<0
.0

00
1

   
   

Pr
of

es
si

on
al

46
(1

4.
5)

3
(3

.4
)

7
(6

.9
)

36
(2

7.
7)

   
   

C
le

ri
ca

l /
Sk

ill
ed

43
(1

3.
5)

13
(1

4.
6)

14
(1

3.
7)

15
(1

1.
5)

   
   

T
ra

di
ng

/U
ns

ki
lle

d
19

0
(5

9.
7)

61
(6

8.
5)

67
(6

5.
7)

62
(4

7.
7)

   
   

U
ne

m
pl

oy
ed

40
(1

2.
6)

12
(1

3.
5)

14
(1

3.
7)

14
(1

0.
8)

  M
ar

ita
l s

ta
tu

s
0.

02

   
   

M
ar

ri
ed

30
1

(9
4.

4)
82

(9
0.

1)
97

(9
6.

0)
12

2
(9

6.
1)

   
   

Si
ng

le
6

(1
.9

)
4

(4
.4

)
2

(2
.0

)
0

0.
0

   
   

Se
pa

ra
te

d/
D

iv
or

ce
d

5
(1

.6
)

0
(0

.0
)

1
(1

.0
)

4
(3

.1
)

   
   

W
id

ow
ed

7
(2

.2
)

5
(5

.5
)

1
(1

.0
)

1
(0

.8
)

O
ra

l P
at

ho
lo

gi
es

  P
re

se
nc

e 
of

 a
ny

 o
ra

l p
at

ho
lo

gy
67

(2
0.

0)
35

(3
5.

0)
14

(1
3.

3)
18

(1
8.

0)
<0

.0
00

1

   
 C

ar
ie

s 
af

fe
ct

ed
33

(9
.9

)
17

(1
7.

0)
5

(4
.8

)
11

(1
1.

0)
0.

01

   
 H

yp
op

la
st

ic
 te

et
h

15
(4

.5
)

7
(7

.0
)

5
(5

.0
)

3
(3

.0
)

0.
23

   
 L

ym
ph

ad
en

op
at

hy
17

(5
.1

)
13

(1
3.

0)
2

(2
.0

)
2

(2
.0

)
<0

.0
00

1

   
 I

nf
la

m
ed

 g
in

gi
va

/p
ap

ill
a

7
(2

.1
)

4
(4

.0
)

2
(2

.0
)

1
(1

.0
)

0.
33

  C
ar

ie
s 

In
di

ce
s

   
 d

ft
 s

co
re

 (
m

ea
n 

+
 S

D
)

0.
33

(1
.1

)
0.

62
(1

.6
)

0.
13

(0
.8

)
0.

27
(1

.0
)

0.
01

   
 D

M
FT

 s
co

re
 (

m
ea

n 
+

 S
D

)
0.

00
3

(0
.1

)
0

0
0.

01
(0

.1
)

0.
45

* p 
va

lu
e 

fo
r 

ov
er

al
l c

om
pa

ri
so

n 
ac

ro
ss

 th
e 

3 
gr

ou
ps

 (
A

N
O

V
A

)

H
E

U
 -

 H
IV

 e
xp

os
ed

 b
ut

 u
ni

nf
ec

te
d;

 H
I-

 H
IV

 in
fe

ct
ed

; H
U

U
 -

 H
IV

 U
ne

xp
os

ed
 U

ni
nf

ec
te

d;
A

R
T-

 A
nt

ir
et

ro
vi

ra
l T

re
at

m
en

t; 
SD

- 
St

an
da

rd
 D

ev
ia

tio
n

D
ft

 –
de

ca
ye

d,
 f

ill
ed

 p
ri

m
ar

y 
te

et
h

D
M

FT
 –

 d
ec

ay
ed

, m
is

si
ng

 f
ill

ed
 p

er
m

an
en

t t
ee

th

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 16

Ta
b

le
 2

R
is

k 
Fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 C
ar

ie
s

C
ar

ie
s 

A
ff

ec
te

d
C

ar
ie

s 
U

na
ff

ec
te

d
U

na
dj

us
te

d
A

dj
us

te
d*

R
is

k 
fa

ct
or

s
N

n
(%

)
n

(%
)

O
R

(9
5%

C
I)

p 
va

lu
e 
φ

O
R

(9
5%

C
I)

p 
va

lu
e

St
ud

y 
G

ro
up

   
 H

I
10

0
17

(1
7.

0)
83

(8
3.

0)
2.

22
0.

99
–4

.9
7

0.
05

2.
58

1.
04

 –
 6

.4
0

0.
04

   
 H

E
U

10
5

5
(4

.8
)

10
0

(9
5.

2)
0.

54
0.

18
–1

.6
1

0.
27

2.
01

0.
56

 –
 7

.2
3

0.
28

   
 H

U
U

13
0

11
(1

1.
0)

11
9

(9
1.

5)
re

f
re

f

Se
x

   
 F

em
al

e
16

7
17

(1
0.

2)
15

0
(8

9.
8)

1.
62

0.
78

–3
.3

8
0.

19
1.

68
0.

74
–3

.8
1

0.
21

   
 M

al
e

16
8

11
(6

.5
)

15
7

(9
3.

4)
re

f
re

f

A
ge

 (
in

 m
on

th
s)

, m
ea

n 
(S

D
)

56
.0

9 
(1

2.
0)

38
.8

9 
(1

9.
93

)
1.

05
1.

03
–1

.0
7

<0
.0

00
1

1.
04

1.
02

–1
.0

7
0.

00
07

re
f

re
f

C
D

4 
ly

m
ph

oc
yt

e 
co

un
t, 

m
ea

n 
(S

D
)

89
4 

(4
37

)
12

01
 (

50
1)

0.
99

0.
99

– 
1.

00
0.

00
6

C
D

4 
ly

m
ph

oc
yt

e 
pe

rc
en

t, 
m

ea
n 

(S
D

)
25

.4
8 

(1
1.

3)
29

.0
4 

(1
3.

5)
0.

97
0.

95
– 

1.
01

0.
14

A
R

T
 E

xp
os

ur
e

   
  C

ur
re

nt
ly

 o
n 

A
R

T
94

16
(1

7.
0)

78
(8

3.
0)

2.
07

0.
96

 –
 4

.4
6

0.
06

   
  A

R
T

 P
ro

ph
yl

ax
is

 o
nl

y
86

3
(3

.5
)

83
(9

6.
5)

0.
36

0.
10

 –
 1

.3
0

0.
12

   
  N

o 
A

R
T

 e
xp

os
ur

e
15

5
14

(9
.0

)
14

1
(9

1.
0)

re
f

D
ur

at
io

n 
of

 B
re

as
tf

ee
di

ng
 in

 m
on

th
s,

 m
ea

n 
(S

D
)

13
.3

0 
(7

.1
)

8.
09

 (
8.

8)
1.

14
1.

07
–1

.2
1

<0
.0

00
1

1.
13

1.
05

– 
1.

21
0.

00
06

B
re

as
t f

ee
di

ng
 c

at
eg

or
ie

s

   
  N

ev
er

 b
re

as
t f

ed
68

4
(5

.9
)

64
(9

4.
1)

1.
03

0.
30

–3
.4

6
0.

96

   
  >

 1
2 

m
on

th
s

11
0

20
(1

8.
2)

90
(8

1.
8)

3.
65

1.
59

–8
.3

7
0.

00
2

   
  ≤

 1
2 

m
on

th
s

15
7

9
(5

.7
)

14
8

(9
4.

3)
re

f

R
eg

ul
ar

 I
nt

ak
e 

of
 S

ug
ar

y 
dr

in
ks

/f
oo

ds

   
  Y

es
11

1
12

(1
0.

8)
99

(8
9.

2)
1.

27
0.

61
–2

.6
7

0.
52

   
  N

o
20

7
20

(9
.7

)
18

7
(9

0.
3)

re
f

Sl
ee

pi
ng

 o
ff

 w
hi

le
 b

ot
tle

/b
re

as
t f

ee
di

ng

   
  R

eg
ul

ar
ly

44
6

(1
3.

6)
38

(8
6.

4)
1.

54
0.

60
– 

3.
98

0.
37

   
  N

on
e/

 R
ar

el
y

28
3

27
(9

.5
)

25
6

(9
0.

5)
re

f

N
um

be
r 

of
 E

ru
pt

ed
 1

° 
Te

et
h

19
.1

8 
(3

.1
)

16
.9

8 
(4

.9
)

1.
19

1.
02

–1
.3

9
0.

02

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 17

C
ar

ie
s 

A
ff

ec
te

d
C

ar
ie

s 
U

na
ff

ec
te

d
U

na
dj

us
te

d
A

dj
us

te
d*

R
is

k 
fa

ct
or

s
N

n
(%

)
n

(%
)

O
R

(9
5%

C
I)

p 
va

lu
e 
φ

O
R

(9
5%

C
I)

p 
va

lu
e

  F
re

qu
en

cy
 o

f 
Te

et
h 

cl
ea

ni
ng

   
  L

es
s 

th
an

 o
nc

e 
da

ily
32

1
(3

.1
)

31
(9

6.
9)

0.
27

0.
04

– 
2.

07
0.

21

   
  A

t l
ea

st
 o

nc
e 

da
ily

30
3

32
(1

0.
6)

27
1

(8
9.

4)
re

f

M
em

br
an

e 
R

up
tu

re

   
  I

nd
uc

ed
/A

rt
if

ic
ia

l
10

9
4

(3
.7

)
10

5
(9

6.
3)

0.
26

0.
09

–0
.7

7
0.

01
0.

31
0.

10
–1

.0
0

0.
05

   
  S

po
nt

an
eo

us
22

6
29

(1
2.

8)
19

7
(8

7.
2)

re
f

H
E

U
; H

IV
 e

xp
os

ed
 b

ut
 u

ni
nf

ec
te

d;
 H

I-
 H

IV
 in

fe
ct

ed
; H

U
U

 -
 H

IV
 U

ne
xp

os
ed

 U
ni

nf
ec

te
d;

 A
R

T
 –

 A
nt

ir
et

ro
vi

ra
l T

re
at

m
en

t; 
SD

- 
St

an
da

rd
 D

ev
ia

tio
n,

 O
R

- 
O

dd
s 

R
at

io
; C

I-
 C

on
fi

de
nc

e 
In

te
rv

al

φ P 
va

lu
e 

fr
om

 C
hi

/F
is

he
r 

ex
ac

t, 
T

 te
st

 , 
A

N
O

V
A

 o
r 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
 w

he
re

 a
pp

ro
pr

ia
te

;

* M
ul

tiv
ar

ia
bl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

 in
cl

ud
es

 s
tu

dy
 g

ro
up

, a
ge

 (
as

 a
 c

on
tin

uo
us

 v
ar

ia
bl

e)
, s

ex
, d

ur
at

io
n 

of
 b

re
as

t f
ee

di
ng

 (
as

 a
 c

on
tin

uo
us

 v
ar

ia
bl

e)
 a

nd
 m

em
br

an
e 

ru
pt

ur
e

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Coker et al. Page 18

Ta
b

le
 3

E
ff

ec
t o

f 
Im

m
un

os
up

pr
es

si
on

 o
n 

C
ar

ie
s 

Pr
ev

al
en

ce
 (

N
=

33
5)

C
ar

ie
s 

A
ff

ec
te

d

C
D

4 
ca

te
go

ri
es

*
N

n
%

U
na

dj
us

te
d

O
R

(9
5%

 C
I)

P
 v

al
ue

A
dj

us
te

d*
*

O
R

(9
5%

 C
I)

P
 v

al
ue

C
D

4 
ly

m
ph

oc
yt

e 
co

un
t (

ce
lls

/m
m

3 )

   
 <

75
0

76
15

(1
9.

7)
3.

29
1.

57
–6

.9
1

0.
00

2
2.

70
1.

17
–6

.2
1

0.
02

   
 ≥

75
0

25
9

18
(6

.9
)

re
f

re
f

C
D

4 
pe

rc
en

ta
ge

 v
al

ue
s 

in
 %

   
 <

22
95

12
(1

2.
6)

1.
60

0.
75

–3
.4

3
0.

23
2.

30
0.

96
–5

.5
3

0.
06

   
 ≥

22
24

0
21

(8
.7

)
re

f
re

f

O
R

- 
O

dd
s 

R
at

io
; C

I-
 C

on
fi

de
nc

e 
In

te
rv

al

* M
ul

tiv
ar

ia
bl

e 
C

D
4 

ca
te

go
ri

es
 b

as
ed

 o
n 

C
D

C
’s

 2
01

4 
an

d 
20

08
 c

as
e 

de
fi

ni
tio

ns
 f

or
 s

ta
ge

s 
of

 H
IV

 in
fe

ct
io

n 
(C

en
te

rs
 f

or
 D

is
ea

se
 C

on
tr

ol
 a

nd
 P

re
ve

nt
io

n 
(C

D
C

),
 2

01
4;

 S
ch

ne
id

er
 e

t a
l.,

 2
00

8)

**
M

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
 in

cl
ud

ed
 th

e 
C

D
4 

ca
te

go
ry

 o
f 

in
te

re
st

 (
fo

r 
C

D
4 

ly
m

ph
oc

yt
e 

co
un

ts
 o

r 
C

D
4 

pe
rc

en
t v

al
ue

s)
, a

ge
 (

as
 a

 c
on

tin
uo

us
 v

ar
ia

bl
e)

, s
ex

, d
ur

at
io

n 
of

 b
re

as
t f

ee
di

ng
 (

as
 a

 
co

nt
in

uo
us

 v
ar

ia
bl

e)
 a

nd
 m

et
ho

d 
of

 m
em

br
an

e 
ru

pt
ur

e 
(s

po
nt

an
eo

us
 o

r 
in

du
ce

d/
ar

tif
ic

ia
l)

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 January 01.


	Abstract
	Introduction
	Methods
	Study Design and Population
	Determination of HIV perinatal exposure and HIV infection
	Oral Examination
	Measurement of Covariates
	Statistical Analysis

	Results
	Study Population
	Socio-Demographic, Clinical, Dietary and Maternal Characteristics by Study Group
	HI vs. HUU children
	HEU vs. HUU children
	Caries Prevalence
	Severity of Caries

	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3

