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Abstract
To evaluate the prevalence and pattern of developmental defects of the enamel (DDE)
and their risk factors among children born infected with Human Immunodeficiency
Virus (HIV) and those born to HIV-infected mothers compared with their unexposed
counterparts (i.e., children born to uninfected mothers). This was an analytic cross-
sectional study evaluating the presence and pattern of distribution of DDE in three groups
of school-aged children (age, 4–11 years) receiving care and treatment at a Nigerian
tertiary hospital, comprising: (1) HIV-infected (HI) on antiretroviral therapy (ART)
(n = 184), (2) HIV-exposed but uninfected (HEU) (n = 186) and (3) HIV-unexposed
and uninfected (HUU) (n = 184). Data capture forms and questionnaires were used
to record the children’s medical and dental history based on clinical chart review and
recall from their parents/guardians. Dental examinations were performed by calibrated
dentists blinded to the study grouping. CD4+ (Cluster of Differentiation) T-cell counts
were assayed for all participants. The diagnosis of DDE corresponded with the codes
enumerated in the World Dental Federation’s modified DDE Index. Analyses relied on
comparative statistics to determine risk factors associated with DDE. A total of 103
participants distributed among the three groups presented with at least one form of
DDE, which indicated a prevalence of 18.59%. The HI group had the highest frequency
of DDE-affected teeth (4.36%), while that of the HEU and HUU groups were 2.73%
and 2.05%, respectively. Overall, the most encountered DDE was code 1 (Demarcated
Opacity), accounting for 30.93% of all codes. DDE codes 1, 4 and 6 showed significant
associations with the HI and HEU groups in both dentitions (p < 0.05). We found
no significant association DDE and either very low birth weight or preterm births. A
marginal association with CD4+ lymphocyte count was observed in HI participants.
DDE is prevalent in school-aged children, and HIV infection is a significant risk factor
for hypoplasia, a common form of DDE. Our results were consistent with other research
linking controlled HIV (with ART) to oral diseases and reinforce advocacies for public
policies targeted at infants exposed/infected perinatally with HIV.
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1. Introduction

Developmental defects of the enamel (DDE) lead to
irreversible changes in the structure and appearance of
the teeth due to complex interactions between genetic and
environmental factors [1]. The disturbances that cause these
changes take place between 16 weeks of gestation and age of
5 [2] and occur as a result of disturbances in the apposition
and mineralization of enamel matrix [3], leading to aesthetic
disability, increased risk of dental caries and may ultimately
lead to teeth loss.

Generally, the etiological factors attributed to DDE are cat-
egorized as hereditary or acquired. The constellation of the
hereditary factors and components, including the patterns of
inheritance, genetic anomalies and affected proteins, have been
outlined [4]. The acquired or environmental etiological factors
of DDE are infections; nutritional and neonatal disturbances
such as jaundice [5]; maternal intoxication; hemolytic dis-
eases; and cardiac, renal, and gastrointestinal illnesses [6].
Tolomeu et al. [7] reported links between gestational diabetes
and DDE. Also, children born preterm and/or with very low
birth weight (VLBW) have an increased risk for enamel hy-
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TABLE 1. Classification of Developmental Enamel Defects (DDEs), According to the Modified Developmental Defects
of Enamel Index (DDE Index).

Code Conditiona/Combinationb

0 Normal
1 Demarcated opacity
2 Diffuse opacity
3 Hypoplasia
4 Other defects
5 Demarcated and diffuse opacity
6 Demarcated opacity and hypoplasia
7 Diffuse opacity and hypoplasia
8 All three deficiencies (demarcated, diffuse opacity and hypoplasia)
a Codes 0–3 correspond to the conditions listed.
b Codes 5–8 correspond to the combination.

poplasia compared with children born full term and/or with
normal birth weight [8, 9].

In particular, HIV infection can lead to several systemic
implications, including impairments in immune function in
children, and can affect the development of dental enamel
[10]. Similarly, the number of CD4 cells, an HIV categorizing
marker, has been linked to the incidence and presentation
of oral manifestations. With prevention of mother to child
transmission (PMTCT) programs, treatment with antiretroviral
therapy (ART) is often administered at an early age in children
of HIV-infectedmothers to control the infection. Despite being
effective, ART might disrupt osteogenesis [11] and lead to
DDEs in permanent dentition [10].

On a clinical basis, DDE is categorized into three fun-
damental types: demarcated opacity, diffused opacity and
hypoplasia. Opacities, also termed hypomineralization, are
alterations in translucency that manifest due to disturbances
at the maturation phase, while hypoplasia, a quantitative de-
fect, is initiated at the secretory phase of odontogenesis [12].
Conversely, molar incisor hypomineralization (MIH) is a site-
specific presentation hypomineralization of one to four first
permanent molars and can occasionally involve permanent
incisors [13]. The modified DDE index proposed by World
Dental Federation, Federation Dentaire Internationale (FDI)
in 1992 is still largely employed for epidemiological studies,
hence utilized in our present study to capture and simplify
descriptions of other clinical entities such as MIH [14].

Several authors have previously reported links between de-
velopmental defects of the enamel and HIV infection and
exposure [15, 16]. However, there are limited reports on the
presentation of DDEs and their comparative relationships in
HIV-infected children and their exposed-yet-uninfected coun-
terparts. To address the knowledge gap in this field, we
aimed to evaluate the prevalence and distribution pattern of
enamel developmental defects among HIV-infected and ex-
posed children compared with their unexposed counterparts.
We hypothesized that perinatal HIV infection and exposure
could increase the risk of DDE.

2. Materials and Methods

2.1 Study population and design

As part of the Centers for Disease Control and Prevention
(CDC)-sponsored President’s Emergency Plan for AIDSRelief
(PEPFAR) in Nigeria, tertiary sites are supported to care for
people living with HIV (PLWH). Children aged 4–11 years
were recruited as part of a cohort study from the pediatric
PEPFAR outpatient clinic of the University of Benin Teach-
ing Hospital (UBTH) who were HIV-infected (HI) and on
antiretroviral therapy, children of HIV-infected parents who
were exposed but not infected (HEU), and children who were
unexposed and uninfected (HUU; controls). The results of
this study were based on a cross-sectional analysis of DDE
outcomes. This study was conducted over a period of one year.

2.2 Sample size estimation

This study was designed and powered to investigate the as-
sociation between caries and HIV infection and exposure in
children [17]. Based on an assumed prevalence of dental caries
of 30%, a statistical significance and power of 0.05 and 0.80,
respectively, a minimum sample of 276 participants (138 in
each group) was required for a least detectable difference of
15% between HI and HUU children. Thus, a total of 568
children were included in the study. They comprised (1) HIV-
infected (HI, n = 184), (2) HIV-exposed and uninfected (HEU,
n = 186) and (3) HIV-unexposed and uninfected (HUU, n =
184) cases.

2.3 Selection criteria

All participants’ parents provided written informed consent to
participate in the study after they completely understood the
objectives of this study, which were duly explained to them.
Children 8 years and above provided assent prior to study
enrollment.
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FIGURE 1. Clinical illustrations of the DDE codes developed from the Modified Developmental Defects of the Enamel
Index (DDE Index) [18]

2.4 Examiners calibration

The calibration of the three examiners (dentists) was performed
by a pediatric dentist. Prior to data collection, an extensive
discussion session was held for differentiating between the
various DDEs using clinical photographs showing enamel hy-
poplasia, molar incisor hypomineralization (MIH) and other
hard tissue anomalies. A week after the session, the three
dentists were each assessed independently using the same
patients with different dental anomalies, which was done on
three different occasions at weekly intervals. The results for
each dentist were analyzed usingCohen’sKappa statistics. The
inter-examiner Kappa score was 0.91, and the intra-examiner
values were 0.96, 0.92 and 0.84, respectively.

2.5 Study procedures

The study was conducted in the year 2019–2020 at UBTH,
Benin City, Nigeria. Data collection was done in various
phases: Medical records of the HI and HEU cases were ob-
tained from perinatal records, which included birth weight
and inception time of ART. Questionnaires were filled out by
the parents/guardians. The questionnaire contained questions
related to pregnancy, neonatal conditions, drug use, oral hy-
giene, dietary habits and the occurrence of primary diseases in
childhood. CD4+ cell counts were obtained from laboratory
assays.

2.5.1 Dental examination

The patients were examined in a dental office under a direct
lighting reflector using a dental mirror and probe. Enamel
defects were diagnosed using the modified DDE Index recom-
mended by the World Dental Federation (FDI Commission on
Oral Health, Research and Epidemiology 1992) (Table 1 and
Fig. 1). The index identifies and defines the type (hypoplasia,
opacity, combination defects) and number (single, multiple) of
tooth enamel defects on all primary and permanent teeth. The
plaque was removed with gauze before DDE examination, and
tooth surfaces were examined wet.

2.5.2 Statistical analysis

The data collected were screened for completeness and ana-
lyzed using the IBM SPSS software (version 21.0, Armonk,
NY, USA) Categorical variables are presented using frequen-
cies and proportions. Bivariate analysis was performed using
the chi-square test and Fisher’s exact test to determine asso-
ciations between etiological factors and the presence of DDE.
The level of statistical significance was set at p < 0.05, and
the 95% confidence level was used to construct confidence
intervals around point estimates.
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TABLE 2. Sociodemographic characteristics of the participants and their DDE profile.

Characteristics HI
n(%) (n = 184)

HEU
n(%) (n = 186)

HUU
n(%) (n = 184) Total

Age group
4–7 years 71 (39%) 91 (49%) 76 (41%) 238
8–11 years 113 (61%) 95 (51%) 108 (59%) 316

Gender
Male 89 (48%) 100 (54%) 105 (57%) 294
Female 95 (52%) 86 (46%) 79 (43%) 260

Participants with DDE
Yes 40 (21.74%) 33 (17.74%) 30 (16.30%) 103
No 144 (78.26%) 153 (82.26%) 154 (83.70%) 451

Total number of teeth examined 4218 4285 4252 12,755
Total number of teeth with DDE 184 (4.36%) 117 (2.73%) 87 (2.05%) 388
HI: HIV-infected; HEU: HIV-exposed but uninfected; HUU: HIV-unexposed and uninfected; DDE: developmental defects of the
enamel.

FIGURE 2. The combined prevalence of DDE codes by study groups. HI: HIV-infected; HEU: HIV-exposed but uninfected;
HUU: HIV-unexposed and uninfected.
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3. Results

A total of 554 (HI, n = 184; HEU, n = 186; HUU, n = 184)
children were examined (Table 2). There was no significant
gender disparity between the study groups. Male participants
accounted for 53.1% (n = 294) of all cases. A total of 103
participants distributed among the three groups (HI, n = 40;
HEU, n = 33; HUU, n = 30) presented with at least one form
of DDE, showing a prevalence of 18.59%. Thus, of the total
12,755 teeth examined, 388 (3.04%) teeth had DDE (Table 2).
Among the DDE-affected teeth, deciduous dentition ac-

counted for 47.68% (n = 185). Among the investigated groups,
HI had the highest frequency of DDE-affected teeth (4.36%),
while that of the HEU and HUU groups were 2.73% and
2.05%, respectively (Table 2).
Overall, the most common DDE was code 1 (Demarcated

Opacity), accounting for 30.93% of all codes. However,
hypoplasia was observed cumulatively in codes 3, 6 and 7,
representing 38.14% of the codes, and was distributed among
66 participants, representing 64.08% of children with at least
one form of DDE (Fig. 2).
Comparing the presence of DDE among HI to the control

group, HUU, we observed significant associations for DDE
codes 1 and 6 compared to both dentitions (p< 0.05, Table 3).
In examining the associations between HEU versus HUU, we
observed a significant association for only DDE code 1 for
both dentitions (p< 0.05, Table 3). In the deciduous dentition,
codes 1, 2, 3 and 4 were found to be more prevalent among the
HI group. Conversely, in the permanent dentition, codes 1, 2
and 4 were more prevalent in the HEU group (Table 3).
Approximately one-fifth (n = 112) of all participants were

born preterm (Table 4), and only 18.8% of them across all
groups had one form of DDE, which showed a non-significant
association with preterm birth (p > 0.05). There was no
significant association between the presence of DDE with
very low birth weight (VLBW). DDE was not significantly
associated with CD4+ count at the time of examination (p =
0.69) in all participants. However, for HI children, there was a
marginal association between low CD4 counts and DDE.

4. Discussion

To our knowledge, this study is the first to investigate HEU
children in this context of elucidating the potential impact
of perinatal HIV exposure on DDE. Our results suggest a
significant relationship between DDE and HIV exposure and
infection. Across the groups, the HI group had the high-
est frequency of DDE-affected teeth, while the least affected
group was the HUU. Considering other associated perinatal
factors, we observed weak evidence to suggest a significant
association between DDE, preterm birth and VLBW in this
study population.
Regional estimates of the prevalence of DDE in school-aged

children are limited. Although the prevalence in this study,
compared with a Nigerian epidemiological study involving
2015 children with a reported prevalence of DDE, was 11.2%
[19], it varied widely with the prevalence of 72.5% and 33.2%
in other related studies [20, 21]. The HI group had a higher
prevalence of DDE than other groups, suggesting HIV as

a risk factor for DDE [10, 15, 16]. Despite the relatively
high frequency of DDE among the participants, we found that
only 3.04% of the examined teeth had DDE. In the present
study, we observed almost an equal distribution of DDE among
deciduous (47.68%) and permanent teeth, which might be due
to the age range of the participants who were predominantly in
their mixed dentition stage. Prior reports on the prevalence
of DDE in primary teeth are fewer than that of permanent
dentition and reported a varying prevalence range from 10% to
49% [9, 22, 23]. Across the dentitions, molars were marginally
more affected by DDE compared to incisors, with a ratio of
1.2:1. These finding coincides with two other reports [20, 24]
and might be attributed to the fact that molars generally have
later developmental period than incisors and could be affected
additionally by perinatal circumstances such as preterm birth.
Previous studies reported opacities as the overall commonest

type of DDE [20]. Lunardelli et al. [24] and Orenuga et
al. [19] reported diffuse opacity as the prevalent DDE. On
the contrary, we observed opacity (code 1) as the overall
most prevalent DDE, which also coincides with the findings
of Seow et al. [25] in an Australian population. In this
study, the dominance of demarcated opacities was attributed
to the permanent dentition when considered alone; however,
hypoplasia (code 3 ) was the most prevalent among deciduous
teeth, which was not observed in the study of Seow et al. [25],
who reported a prevalence of opacities as three times that of
hypoplasia in deciduous dentition.
We and others have reported an increased prevalence of

dental caries in PLWH, and the data suggest an increased risk
of caries due to HIV infection or ART [26–31]. Whether
caries is a resulting comorbidity with living longer in PLWH
on ART, is yet to be established. Salivary gland dysfunction
[33], sugary formulations of pediatric ART syrups and suspen-
sions [33], dysbiotic microbiota [28, 34, 35] and anomalies
with tooth development [26] have been suggested as factors
driving this increased risk in children. However, elucidating
the strongest aetiologic factors driving caries susceptibility can
guide and inform prevention programs, particularly as tooth
development begins in-utero. Children perinatally exposed to
HIV and ART are likely to experience deleterious peripartum
effects on tooth structure, and therefore need to be targeted for
caries prevention strategies.
In addition to examining HI children, we also examined

HEU children. This is the first study to include an HEU
cohort to investigate the distribution of DDE in comparison
to HUU children. Generally, HEU children differ from their
HUU counterparts in various ways. First, previous studies
validated that HEU children have poorer health outcomes than
HUU children [36–38]. Second, HEU children are more likely
to have an overall perturbed growth. Jumare et al. [39]
reported that HEU children had greater odds of being stunted
and underweight than HUU in Jos, Nigeria. However, in
this cross-sectional study, we could not consider the longi-
tudinal effects of ART on the prevalence of DDE given the
cross-sectional study design. Comparatively, earlier research
showed that the timing of in-utero exposure to ART affected
the growth measurements among HEU infants, with exposure
from conception showing a reduced effect on infants’ length
compared to exposure late in pregnancy [40].
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TABLE 3. Distribution of DDE codes among various dentitions.

Primary Teeth Permanent Teeth

HI HEU HUU p value p value HI HEU HUU p value p value

(n = 184) (n = 186) (n = 184) HI vs. HUU HEU vs. HUU (n = 184) (n = 186) (n = 184) HI vs. HUU HEU vs. HUU

Present 27 (15%) 18 (10%) 17 (9%)
0.11 0.16

18 (10%) 21 (11%) 15 (8%)
0.58 0.31

Absent 157 (85%) 168 (90%) 167 (91%) 166 (90%) 165 (89%) 169 (92%)

1. Demarcated Opacity 17 (9%) 2 (1%) 10 (5%) <0.01 0.02 36 (20%) 41 (22%) 14 (8%) <0.01 <0.01

2. Diffuse Opacity 17 (9%) 6 (3%) 11 (6%) 0.01 0.30 11 (6%) 26 (14%) 20 (11%) 0.10 0.17

3. Hypoplasia 45 (24%) 22 (12%) 19 (10%) <0.01 0.62 9 (5%) 5 (3%) 7 (4%) 0.61 0.54

4. Other defects 7 (4%) 0 (0%) 0 (0%) 0.01 - 5 (3%) 0 (0%) 1 (1%) 0.10 0.01

5. Demarcated & diffuse 1 (1%) 4 (2%) 1 (1%) 1.00 0.18 4 (2%) 6 (3%) 0 (0%) 0.04 0.01

6. Demarcated & hypoplasia 13 (7%) 5 (3%) 1 (1%) <0.01 0.10 14 (8%) 0 (0%) 1 (1%) <0.01 0.31

7. Diffuse & hypoplasia 3 (2%) 0 (0%) 0 (0%) 0.08 - 2 (1%) 0 (0%) 2 (1%) 1.00 0.15

8. All three defects 0 (0%) 0 (0%) 0 (0%) - - 0 (0%) 0 (0%) 0 (0%) - -

HI: HIV-infected; HEU: HIV-exposed but uninfected; HUU: HIV-unexposed and uninfected.
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TABLE 4. Association between risk factors and DDE.
Factors HI HEU HUU

DDE
Present

DDE
Absent

p Value DDE
Present

DDE
Absent

p Value DDE
Present

DDE
Absent

p Value

Preterm birth (<37 weeks gestational age)
Yes 8 25

0.70
7 33

0.96
6 33

0.86
No 32 119 26 120 24 121

VLBW (<1500g)
Yes 4 14

0.96
0 2

0.51
0 1

0.67
No 36 130 33 151 30 153

Low CD4 count ≤500 cells/µL
Yes 9 53

0.09
33 153 - 30 154

No 31 91 0 0 0 0
HI: HIV-infected; HEU: HIV-exposed but uninfected; HUU: HIV-unexposed and uninfected; DDE: developmental defects of the
enamel; VLBW: very low birth weight; CD4: Cluster of differentiation 4 (CD4) lymphocyte counts.

Although speculative, it is reasonable to suggest that the
HEU group could be more likely to have had disturbances
at different stages of tooth development, possibly due to ma-
ternal illnesses, dietary inadequacies, drug irritants and other
perinatal events. DDEs with a similar description might not
be necessarily caused by similar etiological factors. Of note,
the same etiological factor can produce different defects at
different stages of tooth development [41]. Additionally, DDE
may result from long-term biologic and environmental factors
linked to etiologic and pathogenic processes [41]. Thismay ex-
plain the differential distributions of the DDE subtypes among
the three study groups in the current study.
There was a weak association between preterm birth and

VLBW with DDE, irrespective of the code in this study,
which does not align with previous studies that reported a link
between VLBW and increased prevalence of DDE [6, 42, 43].
This could be explained by the uniqueness of our present
study population due to the inclusion of children born to
HIV-infected and uninfected mothers who received care and
treatment in a tertiary healthcare facility and could also explain
the low prevalence of preterm birth and VLBW.
The association of CD4+ T-lymphocytes counts with DDE

has been scarcely reported. A review by Atar et al. [15] estab-
lished links between low CD4+ count and increased likelihood
of oral manifestations in HIV patients [15], however, Pontes
et al. [10] specifically reported a non-significant association
between low CD4 count and DDE, similar to the findings of
our present study.
Further, our results highlight that the long-lasting impacts of

developmental defects of the enamel in primary and permanent
dentitions must not be ignored. To our knowledge, this is
the largest study in Nigeria that describes the association of
DDE with perinatal HIV exposure and HIV-1 infection among
children. As previously mentioned, the strength of the present
study is the inclusion of the HEU group in comparative dis-
cussions of oral presentations attributable to HIV exposure
without infection. Further, it clarifies the potential impact of
perinatal HIV exposure in-utero in the context of ART prophy-
laxis to prevent mother-to-child transmission. Additional stud-

ies are needed to clarify the interplay between maternal HIV
and dental, oral and craniofacial anomalies (DOC) to elucidate
modifiable risk factors for their treatment and prevention.
However, there were some limitations. Considering that this

was a cross-sectional study, we could not address the long-
term impact of maternal HIV infection. However, we believe
the temporary effect of HIV exposure can be assessed within
this design. Also, the data collected could not isolate, the
longitudinal effects of antiretroviral therapy on presentations
of DDE among the HI and HEU groups. Although a previ-
ous study reported that the prevalence of DDE did not differ
by tenofovir-based regimen [44], another study observed an
association between the use of antiretroviral regimens with
protease inhibitors or efavirenz and DDE in cases with per-
manent dentitions [10]. Further, the independent effect of
sociodemographic factors, such as dietary history andmaternal
infections, were not addressed in this study due to incomplete
data. Despite these limitations, the present study forms a locus
for further quantitative and longitudinal studies on oral mani-
festations attributable to HIV exposure, could stimulate clini-
cal vigilance amongst pediatricians and reinforces advocacies
for public health policies targeted at infants exposed/infected
perinatally with HIV. We strongly recommend future related
studies to test the epigenetic consequences of HIV exposure on
developmental anomalies of the teeth and the orofacial region.

5. Conclusions

HIV infection and exposure are significant risk factors for DDE
among school-aged children. This present study showed that
demarcated opacity and hypoplasia were the commonest forms
of DDE amongst children with HIV infection and perinatal
exposure.

ABBREVIATIONS

ART: Antiretroviral therapy; CD4 cells: Clusters of
differentiation 4 glycoproteins associated with T cell
receptors, especially on the surface of helper T cells; DDE:
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Developmental defects of the enamel; DOMHaIN: Dental
caries and its association with oral microbiomes and HIV in
young children—Nigeria; HIV: Human immunodeficiency
virus; PEPFAR: President’s Emergency Plan for AIDS Relief;
PLWH: People living with HIV; VLBW: Very low birth
weight.

AVAILABILITY OF DATA AND MATERIALS

Medical and dental history, clinical data and associated dataset
generated and/or analyzed for this current study cannot be
made publicly available as required consent to publish data
were not given. However, the corresponding author can make
deidentified data available on reasonable request.

AUTHOR CONTRIBUTIONS

PA, OO, AOMOC and VRP—design and conduct of research;
NO, MOC, PA and VPR—collection, management, analysis
and interpretation of data; NO, MOC, PA, EO and VPR—
preparation, review or approval of the manuscript; NO, PA,
EO and MOC—had full access to the data associated with this
study and take full responsibility for the integrity of the data
and accuracy of data analysis; all authors reviewed, revised
and participated in the decision to submit the manuscript for
publication.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

Before the commencement of the study, ethical
approvals from the Institutional review boards at UBTH
(ADM/E22/AVOL.VII/14713, 31 January 2019), University
of Maryland Baltimore (HP-00084081) and Rutgers State
University of New Jersey (Pro2019002047) were obtained. All
procedures performed in studies involving human participants
were in accordance with the tenets of the Declaration of
Helsinki. All the study activities, benefits/risks of voluntary
participation, and withdrawal from the study were verbally
communicated to parents/guardians or caregivers in English
and/or pidgin English. Questions were asked to confirm that
they understood the study, and written informed consent was
obtained before recruitment.

ACKNOWLEDGMENT

The authors are grateful to the children and families that made
this study possible and to all study staff of the University of
Benin Teaching Hospital and Institute of Human Virology,
Nigeria. Special thanks to all members of the DOMHaIN
Study Team, which comprises of the authors and the following
team members: Mr. Oghenenero Igedegbe, Mr. Ruxton
Adebiyi, Matron Christy Ndekwu, Dr. Uwagboe Odigie, Ms.
Oyemwen Olaye, Ms. Ehioze Awanlemhen, Mr. Samuel
Chukwumaeze, Mr. Matthew Imoe, Mr. Daniel Oakhu,
and Ms. Susan Dare are acknowledged for the recruitment,
sample and data collection. The authors thank Dr. Nosakhare
Idemudia, Mr. Osasumwen Ehigie, Mr. Kelly Avenbuan,

and Ms. Amara Godwins for laboratory management and
support with sample processing. Drs. Nneka Chukwumah
Stanley Iyorzor, Owen Omorogbe and Chioma Ugorji are
acknowledged for the clinical examination during study visits
and for their flexibility with recruitment and scheduling.

FUNDING

This work was partly supported by a grant from the National
Institutes of Health (NIDCR R01DE028154). The funder had
no role in the study design, collection, analysis, interpretation
of the data, and manuscript writing.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
[1] Folayan MO, Chukwumah NM, Popoola BO, Temilola DO, Onyejaka

NK, Oyedele TA, et al. Developmental defects of the enamel and its
impact on the oral health quality of life of children resident in Southwest
Nigeria. BMC Oral Health. 2018; 18: 160.

[2] Collignon AM, Vergnes JN, Germa A, Azogui S, Breinig S, Hollande C,
et al. factors and mechanisms involved in acquired developmental defects
of enamel: a scoping review. Frontiers in Pediatrics. 2022; 10: 1–13.

[3] Oliveira AFB, Chaves AMB, Rosenblatt A. The influence of enamel
defects on the development of early childhood caries in a population with
low socioeconomic status: a longitudinal study. Caries Research. 2006;
40: 296–302.

[4] de La Dure-Molla M, Fournier BP, Manzanares MC, Acevedo AC,
Hennekam RC, Friedlander L, et al. Elements of morphology: Standard
terminology for the teeth and classifying genetic dental disorders.
American Journal of Medical Genetics. Part A. 2019; 179: 1913–1981.

[5] Almeida LKY, Carvalho TS, Bussaneli DG, Jeremias F. Congenital and
acquired defects in enamel of primary teeth: prevalence, severity and risk
factors in Brazilian children. European Archives of Paediatric Dentistry.
2021; 22: 715–723.

[6] Krishnaji Musale P, Shrikant Soni A, Sunil Kothare S. Etiology and
considerations of developmental enamel defects in children: a narrative
review. Journal of Pediatric Review. 2019; 7: 141–150.

[7] Tolomeu JSO, Soares MEC, Mourão PS, Ramos-Jorge ML. Is gestational
diabetes mellitus associated with developmental defects of enamel in
children? A systematic review with meta-analysis. Archives of Oral
Biology. 2022; 141: 105488.

[8] Nelson S, Albert JM, Geng C, Curtan S, Lang K, Miadich S, et al.
Increased enamel hypoplasia and very low birthweight infants. Journal
of Dental Research. 2013; 92: 788–794.

[9] Salanitri S, Seow W. Developmental enamel defects in the primary
dentition: aetiology and clinical management. Australian Dental Journal.
2013; 58: 133–140.

[10] Pontes AS, Lima MDDM, Andrade NS, Moura MS, Moura LDFADD.
Dental enamel development defects in children and adolescents with HIV
infection: case-control study. Special Care in Dentistry. 2017; 37: 19–27.

[11] Warriner AH,MugaveroM, Overton ET. Bone alterations associated with
HIV. Current HIV/AIDS Reports. 2014; 11: 233–240.

[12] Masumo R, Bårdsen A, Åstrøm AN. Developmental defects of enamel
in primary teeth and association with early life course events: a study of
6–36 month old children in Manyara, Tanzania. BMC Oral Health. 2013;
13: 21.

[13] Saitoh M, Shintani S. Molar incisor hypomineralization: a review and
prevalence in Japan. Japanese Dental Science Review. 2021; 57: 71–77.

[14] Commission on Oral Health, Research & Epidemiology. A review of the
developmental defects of enamel index (DDE Index). Report of an FDI
Working Group. International Dental Journal. 1992; 42: 411–426.

[15] Atar M, Körperich EJ. Systemic disorders and their influence on the



9

development of dental hard tissues: a literature review. Journal of
Dentistry. 2010; 38: 296–306.

[16] Oyedeji OA, Gbolahan OO, Oluwatoyin Abe E, Agelebe E. Oral and
dental lesions in HIV infected nigerian children. Pan African Medical
Journal. 2015; 20: 287.

[17] CokerMO, Akhigbe P, Osagie E, Idemudia NL, Igedegbe O, Chukwumah
N, et al. Dental caries and its association with the oral microbiomes and
HIV in young children—Nigeria (DOMHaIN): a cohort study. BMCOral
Health. 2021; 21: 620.

[18] Carvalho JC, Silva EF, Gomes RR, Fonseca JAC, Mestrinho HD. Impact
of enamel defects on early caries development in preschool children.
Caries Research. 2011; 45: 353–360.

[19] Orenuga OO, Odukoya O. Estudo epidemiológico dos defeitos de
desenvolvimento do esmalte em um grupo de escolares Nigerianos.
Brazilian Research in Pediatric Dentistry and Integrated Clinic. 2010; 10
: 385–391.

[20] Cruvinel VRN, Gravina DBL, Azevedo TDPL, Rezende CSD, Bezerra
ACB, Toledo OAD. Prevalence of enamel defects and associated risk
factors in both dentitions in preterm and full term born children. Journal
of Applied Oral Science. 2012; 20: 310–317.

[21] Jälevik B, Szigyarto-Matei A, Robertson A. The prevalence of develop-
mental defects of enamel, a prospective cohort study of adolescents in
Western Sweden: a Barn i TAnadvarden (BITA, children in dental care)
study. European Archives of Paediatric Dentistry. 2018; 19: 187–195.

[22] Montero MJ, Douglass JM, Mathieu GM. Prevalence of dental caries
and enamel defects in connecticut head start children. Pediatric Dentistry.
2003; 25: 235–239.

[23] Casanova-Rosado AJ, Medina-Solís CE, Casanova-Rosado JF, Vallejos-
Sánchez AA, Martinez-Mier EA, Loyola-Rodríguez JP, et al. Association
between developmental enamel defects in the primary and permanent
dentitions. European Journal of Paediatric Dentistry. 2011; 12: 155–158.

[24] Lunardelli SE, Peres MA. Prevalence and distribution of developmental
enamel defects in the primary dentition of pre-school children. Brazilian
Oral Research. 2005; 19: 144–149.

[25] Seow WK, Ford D, Kazoullis S, Newman B, Holcombe T. Comparison
of enamel defects in the primary and permanent dentitions of children
from a low-fluoride District in Australia. Pediatric Dentistry. 2011; 33:
207–212.

[26] Akhigbe P, Chukwumah NM, Folayan MO, Divaris K, Obuekwe O,
Omoigberale A, et al. Age-specific associations with dental caries in HIV-
infected, exposed but uninfected and HIV-unexposed uninfected children
in Nigeria. BMC Oral Health. 2022; 22: 429.

[27] Birungi N, Fadnes LT, Engebretsen IMS, Lie SA, Tumwine JK, Åstrøm
AN. Caries experience and oral health related quality of life in a cohort
of Ugandan HIV-1 exposed uninfected children compared with a matched
cohort of HIV unexposed uninfected children. BMC Public Health. 2020;
20: 423.

[28] Kalanzi D,Mayanja-Kizza H, Nakanjako D, SewankamboNK. Extensive
dental caries in a HIV positive adult patient on ART; case report and
literature review. BMC Oral Health. 2018; 18: 205.

[29] Kalanzi D, Mayanja-Kizza H, Nakanjako D, Mwesigwa CL, Ssenyonga
R, Amaechi BT. Prevalence and factors associated with dental caries in
patients attending an HIV care clinic in Uganda: a cross sectional study.
BMC Oral Health. 2019; 19: 159.

[30] Shiboski CH, Yao T, Russell JS, Ryder MI, Van Dyke RB, Seage GR, et

al. The association between oral disease and type of antiretroviral therapy
among perinatally HIV-infected youth. AIDS. 2018; 32: 2497–2505.

[31] Meless D, Ba B, N’Diaye C, Nadri J, Dicko F, Sylla M, et al. Oral
lesions of HIV-infected children in West Africa in the era of antiretroviral
treatments. Bulletin du Groupèment International Pour La recherche
Scientifique En Stomatologie & Odontologie. 2011; 50: 3–4

[32] Nizamuddin I, Koulen P, McArthur CP. Contribution of HIV infection,
AIDS, and antiretroviral therapy to exocrine pathogenesis in salivary and
lacrimal glands. International Journal of Molecular Sciences. 2018; 19:
2724.

[33] Eldridge K, Gallagher JE. Dental caries prevalence and dental health
behaviour in HIV infected children. International Journal of Paediatric
Dentistry. 2000; 10: 19–26.

[34] Coker MO, Cairo C, Garzino-Demo A. HIV-associated interactions
between oral microbiota and mucosal immune cells: knowledge gaps and
future directions. Frontiers in Immunology. 2021; 12: 676669.

[35] Kalanzi D, Mayanja-Kizza H, Nakanjako D, Semitala F, Mboowa G,
Mbabali M, et al. Microbial characteristics of dental caries in HIV
positive individuals. Frontiers in oral health. 2022; 3: 1004930

[36] Muhangi L, Lule SA, Mpairwe H, Ndibazza J, Kizza M, Nampijja M,
et al. Maternal HIV infection and other factors associated with growth
outcomes of HIV-uninfected infants in Entebbe, Uganda. Public Health
Nutrition. 2013; 16: 1548–1557.

[37] Filteau S. The HIV-exposed, uninfected African child. Tropical Medicine
& International Health. 2009; 14: 276–287.

[38] le Roux SM, Donald KA, Brittain K, Phillips TK, Zerbe A, Nguyen KK,
et al. Neurodevelopment of breastfed HIV-exposed uninfected and HIV-
unexposed children in South Africa. AIDS. 2018; 32: 1781–1791.

[39] Jumare J, Datong P, Osawe S, Okolo F, Mohammed S, Inyang B, et
al. Compromised growth among HIV-exposed uninfected compared with
unexposed children in Nigeria. The Pediatric Infectious Disease Journal.
2019; 38: 280–286.

[40] Ejigu Y, Magnus JH, Sundby J, Magnus MC. Differences in growth of
HIV-exposed uninfected infants in ethiopia according to timing of in-
utero antiretroviral therapy exposure. The Pediatric Infectious Disease
Journal. 2020; 39: 730–736.

[41] Wong HM, Peng SM, Wen YF, King NM, McGrath CPJ. Risk factors of
developmental defects of enamel—a prospective cohort study. PLoSOne.
2014; 9: e109351.

[42] Jacobsen PE, Haubek D, Henriksen TB, Østergaard JR, Poulsen S.
Developmental enamel defects in children born preterm: a systematic
review. European Journal of Oral Sciences. 2014; 122: 7–14.

[43] Tsang AKL. The special needs of preterm children—an oral health
perspective. Dental Clinics of North America. 2016; 60: 737–756.

[44] Schüttfort G, Höfler S, Kann G, Königs C, de Leuw P, Herrmann E, et al.
Influence of tenofovir exposure in utero on primary dentition. European
Journal of Pediatrics. 2020; 179: 1761–1768.

How to cite this article: Nonso Emmanuel Onyia, Paul Akhigbe,
Esosa Osagie, Ozoemene Obuekwe, Augustine Omoigberale,
Vincent P. Richards, et al. Prevalence and associated factors
of enamel developmental defects among Nigerian children with
perinatal HIV exposure. Journal of Clinical Pediatric Dentistry.
2023; 47(2): 1-9. doi: 10.22514/jocpd.2023.007.


	Introduction
	Materials and Methods
	Study population and design
	Sample size estimation
	Selection criteria
	Examiners calibration 
	Study procedures
	Dental examination 
	Statistical analysis


	Results
	Discussion 
	Conclusions

