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ABSTRACT 

Title of Dissertation: HIV Infection and its association with Caries and the Salivary 

Microbiota in Nigerian Children aged 6 to 72 months 

Modupe Oluseun Coker, Doctor of Philosophy, 2015 

Dissertation Directed by: Samer S. El-Kamary, M.D., M.P.H 

Associate Professor, Department of Epidemiology and Public Health 

 

Background: Studies have shown that HIV infected individuals are more likely to 

present with dental caries suggesting a disruption in the oral microbiome with declining 

immune status. However, the association between HIV infection/exposure, caries and 

salivary bacterial composition and diversity in young Nigerian children has not been 

established in literature. 

Objectives: The objectives of this study were to compare 1) prevalence of caries  

and 2) bacterial diversity indices in HIV infected (HI) and HIV exposed but uninfected 

(HEU) children with HIV unexposed and uninfected (HUU) children 

Methods: These groups of study participants were examined orally to determine 

prevalence of caries. Saliva samples were collected and analyzed to determine microbiota 

diversity (specifically Shannon diversity indices) and composition using high-throughput 

16S rRNA gene sequencing. Demographic, birth/delivery, clinical, diet and oral hygiene 

information were collected through a standardized questionnaire.  

Results: Compared to HUU children, HI children were more likely to present with caries 

and other oral diseases. After controlling for significant confounders, we observed 

significantly higher odds of caries in the HI group compared to the HUU group. HEU 



 
 

 

children had higher, but not significant, odds for caries within adjusted analyses. Other 

factors significantly associated with higher caries prevalence include older age, long 

duration of breastfeeding, low CD4 counts and percentage, and spontaneous membrane 

rupture during delivery. Although HEU children had lower microbial diversity indices, 

they did not significantly differ across study groups; however, young age and poor 

immune status were significantly associated with lower diversity indices within an 

adjusted analysis. We observed some minor but significant differences in the salivary 

microbial composition across study groups. 

Conclusions: Study findings support the growing evidence that HIV infected children are 

at an increased odds of presenting with caries and other oral diseases even when 

receiving antiretroviral treatment. We found that immune status plays a stronger role in 

influencing salivary bacterial composition and diversity, possibly affecting caries risk in 

this population of Nigerian children. There is need to further explore the responses of the 

oral microbiota to changes in the immune system over time as well as the influence of 

birth/delivery factors. 
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I. INTRODUCTION 

Oral health is reliant on a homeostatic balance between the host and the bacterial 

communities in the mouth, so it is expected that in an immunosuppressed state such as in 

Human Immunodeficiency Virus (HIV) infection, oral diseases would occur often and 

progress more rapidly. Oral disease is amongst the highest unmet health needs of HIV 

infected individuals, particularly in children (Marcus et al., 2000).  Regrettably, the 

situation is worse in developing countries. Specifically, dental caries is a very important 

health problem in children being the most common chronic disease of childhood. Several 

studies have shown that HIV infected children have significantly higher levels of dental 

caries than HIV uninfected children (particularly with respect to primary dentition) 

(Beena, 2011; Obileye, Agbelusi, Orenuga, & Temiye, 2009; Hicks et al., 2000; Tofsky 

et al., 2000; Madigan, Murray, Houpt, Catalanotto, & Feuerman, 1996; Valdez, Pizzo, & 

Atkinson, 1994). Since caries initiation and progression are dependent on colonization by 

cariogenic bacteria, it is likely that HIV infection (which compromises immunity) 

influences changes in the oral microbiome leading to a sequelae of pathological changes 

including caries. It is therefore critical to study the effect of HIV infection on the 

composition of the oral microbiota and caries prevalence in children living in Nigeria, a 

nation burdened with HIV infection.  

Children can acquire HIV from their mothers through vertical transmission. Due to 

increased accessibility and availability of antiretroviral treatment (ART), perinatal HIV 

transmission rates have considerably declined in sub-Saharan Africa (Chi, Stringer, & 

Moodley, 2013). This has resulted in an increasing population of HIV exposed-

uninfected children. These children are shown to be at greater risk for mortality and early 



 

2 

life infections compared to children born to HIV-uninfected mothers (HIV-

unexposed/uninfected children) (Shapiro et al., 2007). We hypothesize that HIV exposure 

(not only infection) could also contribute to changes in the oral microbiota and oral 

disease(s) in children.  

A. HIV Exposure and Infection in Children 

HIV infection has remained a significant global health problem since the discovery of the 

virus in 1981 (Gallo & Montagnier, 2003). It is estimated that, at the end of 2013, 35 

million people worldwide were living with HIV and the highest burden is in sub-Saharan 

Africa -- where about 25 million HIV infected individuals reside (UNAIDS, 2014). 

In general, HIV can be transmitted from an infected person to an uninfected 

person by two major means; horizontal transmission and vertical transmission (mother to 

child transmission (MTCT)). Vertical transmission (MTCT) refers to the situation where 

an infant of an HIV-infected mother acquires HIV from the mother at one or more of the 

following stages: 1) transplacentally (in-utero during pregnancy), 2) perinatally (during 

labor and delivery), and 3) post-natally during breastfeeding (Petropoulou, Stratigos, & 

Katsambas, 2006).  

In children under the age of 15, MTCT accounts for 90% of HIV infections 

(UNAIDS 2014 Progress Report on The Global Plan, 2014). By the end of 2012, an 

estimated 4 million children were living with HIV worldwide and sub-Saharan Africa is 

home to 90% of the children of the world living with HIV (UNAIDS 2014 Progress 

Report on The Global Plan, 2014). Nigeria, with a population of about 140 million people 

and a national HIV seroprevalence rate of 4.1%, has the second highest HIV burden in 

the world after South Africa and the highest burden of new HIV infections among 
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children worldwide (about 60,000 new cases in 2013) (UNAIDS 2014 Progress Report 

on The Global Plan, 2014). 

ART regimens, such as the single-dose nevirapine for prevention of mother to 

child transmission (PMTCT), offer significant protection against MTCT of HIV. With 

increasing success of PMTCT programs and an improved understanding of risk factors 

for transmission during pregnancy, delivery and through breastfeeding, the number of 

infants and children becoming infected  with HIV has dramatically reduced resulting in a 

growing population of HIV exposed-uninfected (HEU) children (Chi et al., 2013; 

UNAIDS, 2011). 

At birth, the infant of an HIV-infected woman is given a single dose of nevirapine 

within the first 72 hours of delivery. The revised national PMTCT guidelines for Nigeria 

(Federal Government of Nigeria, 2011) recommend daily nevirapine for the first 6 weeks 

of life starting as soon as possible after birth, preferably within 72 hours of birth. The use 

of zidovudine for the HIV-exposed infants is no longer recommended. 

With effective PMTCT services, there is now a growing population of HIV 

exposed but uninfected children born to HIV infected mothers. There have been several 

reports of increased risk of developmental abnormalities, morbidities (lower respiratory 

tract infection, gastroenteritis, sepsis and pneumonia) and mortality in the first 2 years of 

life for this population compared to their unexposed or uninfected counterparts (A. 

Slogrove et al., 2012; Landes et al., 2012; L. Liu et al., 2012; Filteau et al., 2011; 

Koyanagi et al., 2011; Marinda et al., 2007).  These findings suggest strongly that HIV 

exposed children have an increased susceptibility to infection potentially due to an 

impaired immune system. There has been some discussion as to whether perinatal 
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exposure to HIV virions and maternal antigens is the main cause of an impaired immune 

system in these children. In utero, although there is a separation of the fetal and maternal 

circulations by the villous trophoblastic layers of the placenta, viral particles and antigens 

can still cross the placental barrier leading to an in utero exposure. During delivery, 

infants can also be exposed to infected cervico–vaginal secretions orally. During 

breastfeeding, there is possible exposure to maternal T cell associated provirus/prophage 

in breast milk of HIV infected mothers. These forms of exposure have been hypothesized 

to prime HIV-specific cytotoxic T lymphocyte (CTL) responses in HIV exposed children 

leading to an alteration in dendritic cell phenotypes, reduction in naive or memory T 

cells, increased cytokine production and increased apoptosis of T cells (Afran et al., 

2014; Reikie et al., 2014; Kolte et al., 2011; Borges-Almeida et al., 2011; A. L. Slogrove, 

Cotton, & Esser, 2010; Velilla et al., 2008; Vigano et al., 2007; Chougnet et al., 2000; 

Clerici et al., 2000). There have also been reports of altered cellular immune response to 

Bacille Calmette-Guérin (BCG) vaccine (Mazzola et al., 2011; Abramczuk et al., 2011). 

In summary, due to their immature immune system, several immunological abnormalities 

have indeed been observed in infants and young children exposed to HIV perinatally. 

 

B. Oral Health in HIV Infected Individuals 

Oral health depends on a homeostatic balance between the host’s immune status and 

bacterial communities in the mouth so it is expected that in an immunosuppressed state 

such as in HIV exposure or infection, orodental disease would occur commonly and 

progress more rapidly. Oral diseases have been noted as significant findings in HIV 

infected patients since the global pandemic began. They are used as indicators of 
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immunosuppression with about 30-80% of HIV infected individuals developing at least 

one of the many (over forty) oral conditions related to HIV or  Acquired Immune 

deficiency Disease Syndrome (AIDS) - often termed “Oral manifestations of HIV” 

(Reznik, 2005). Oral manifestations of HIV are a fundamental component of disease 

progression as they could be the first sign of immunosuppression and in many instances 

could prompt an initial HIV testing. They can be categorized as fungal, viral and bacterial 

infections, abnormal growths/neoplasms and salivary gland conditions. Oral candidiasis 

is the most common oral manifestation of HIV (D. Greenspan, 1994). Others include (but 

not limited to) angular chelitis, oral hairy leukoplakia, oral warts, herpes simplex, herpes 

zoster and Kaposi’s sarcoma (J. S. Greenspan, 1997). Factors which predispose 

expression of  these manifestations include CD4 lymphocyte counts less than 200 

cells/mm3, detectable viral load greater than 3000 cells/mm3, xerostomia (a subjective 

condition of dryness in the mouth), poor oral hygiene and smoking (Reznik, 2005).  

Since the advent of highly active antiretroviral therapy (HAART), there has been a 

significant reduction in the prevalence and incidence of oral manifestations of HIV and 

opportunistic oral infections (Yengopal, Bhayat, & Coogan, 2011; Hodgson, Greenspan, 

& Greenspan, 2006). However, there have been reports that oral diseases (like dental 

caries, salivary gland disease and uncharacterized ulcerations) persist even with ART 

(Baghirath, Krishna, Gannepalli, & Ali, 2013; Meless et al., 2014; Miziara & Weber, 

2008). A recent study in Nigeria showed that the presence of HIV associated oral lesions 

was not associated with antiretroviral therapy in HIV infected children (Oladokun, Okoje, 

Osinusi, & Obimakinde, 2013). 



 

6 

HIV impacts oral health but oral disease can also impact the health and quality of life 

of people with compromised immune systems like HIV infected individuals (Shiboski et 

al., 2005; Heslin et al., 2001). The oral diseases often go untreated and can affect 

chewing and swallowing, leading to an imbalanced nutrition and poor adherence to ART.  

In general, it can have a detrimental effect on the physical, mental and social well-being 

of an HIV infected individual.  

 

C. Epidemiology of Early Childhood Caries 

Early childhood caries (ECC), a chronic infectious disease that affects any tooth surface 

in the primary dentition of children aged 72 months of age or younger, is a serious oral 

health problem worldwide especially in socially disadvantaged populations. ECC can 

devastate the dentition of young children subsequently lead to systemic problems that 

impact general health and self-esteem of affected children.  The infection can spread 

from primary to permanent teeth extending effects beyond childhood.  

Despite the decline in worldwide caries prevalence in the latter part of the 20th 

century, literature suggests a change in trend (to increasing prevalence) for the primary 

dentition in recent years, particularly in regions such as Europe, US and Canada where 

caries prevalence in primary dentition was previously low (Schroth, Halchuk, & Star, 

2013; Dye, Arevalo, & Vargas, 2010; Speechley & Johnston, 1996). However, it is well 

established that there is a significant disparity in the prevalence of ECC across the globe, 

with studies reporting 1-12% in developed countries (Burt, 1999) and proportions as 

high as 70% in developing countries or within minority populations (Njoroge, Kemoli, 

& Gatheche, 2010; Rwakatema & Ng'ang'a, 2010; Weinstein, Domoto, Koday, & 
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Leroux, 1994). A comprehensive global review of the prevalence studies examining 

caries on anterior teeth in children, found the highest caries prevalence in Africa and 

South-East Asia (Milnes, 1996).  

In Nigeria, reports of caries prevalence vary across region and ethnic groups. 

Sowole et al (Sowole, Sote, & Folayan, 2007) reported a 10.5% prevalence of ECC, with 

4.8% having severe ECC, among preschool children aged 6 - 71 months in Lagos. In this 

study, ECC was found in children as young as 13 months and primary incisors were 

mostly affected. In Ile-Ife, a semiurban population in the southwest of Nigeria, Oziegbe 

et al (Oziegbe & Esan, 2013) reported a caries prevalence of 17.4% in 4 to 6-year-old 

children. From that same city, there was another report of 10.9% caries prevalence in 

children aged 3 to 6 years (with 92% presenting with cavitations) (Adekoya– Sofowora, 

Nasir, Taiwo, & Adesina, 2006). The results of most surveys conducted in Nigeria 

(Okoye & Ekwueme, 2011; Adegbembo & el-Nadeef, 1995; Henshaw & Adenubi, 1975) 

indicate that prevalence is higher among children in rural communities compared to 

urban areas, however, a report from Edo State showed that the caries severity (in terms of 

higher indices) is worse in urban areas compared to rural areas (Okeigbemen, 2004). 

Chapter 1.D further describes the etiology and pathogenesis of caries, however, 

significant risk factors include early colonization by cariogenic bacteria like 

Streptococcus mutans, sugary diet, poor oral hygiene and inappropriate bottle and breast 

feeding habits (Mohamed & Barnes, 2008; Vadiakas, 2008).  

The association between ECC and socioeconomic status (SES) has also been well 

documented. Investigators have reported that ECC is more common in children who live 

in poverty, whose parents have low educational levels and who belong to ethnic and 
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racial minorities (Colak, Dulgergil, Dalli, & Hamidi, 2013; Vadiakas, 2008). Enwonwu 

(Enwonwu, 1974) showed that the prevalence of hypoplastic teeth in children (aged 0-

4yrs) from a high SES background is 0% while the prevalence for children from a low 

socioeconomic status background was 21%. These aforementioned children may be 

undernourished (or have experienced perinatal malnutrition) which has been shown to 

increase the risk for enamel hypoplasia (incomplete or defective formation of the tooth 

enamel) thus increasing the risk for ECC (P. Caufield, Li, & Bromage, 2012).  

Fluoride and preventive behaviours can also modulate the risk for caries in an 

individual. Fluorides can be used both topically (fluoride dentifrices, rinses, gels, foams, 

and varnishes) and systemically (fluoridated water, dietary fluoride supplements) for both 

prevention and management of dental caries.  

Based on current knowledge, it is unclear whether HIV infection or perinatal HIV 

exposure can be considered an additional risk factor for ECC. 

 

D. Etiology and Pathogenesis of ECC 

ECC is a severe and common chronic infectious disease that results in alternating cycles 

of tooth demineralization and remineralization with sequelae of decay and cavitation in 

the primary dentition of children aged 6 years and younger. The etiology of caries is 

multifactorial. For caries to occur, 3 major factors must be present: 1) acidogenic 

bacteria, 2) diet rich in sugar/fermentable carbohydrates, and 3) a susceptible tooth 

surface (Davies, 1998). In addition, a period of time must have elapsed for these factors 

to result in carious lesions. The bacteria metabolize the carbohydrates, producing lactic 

acid, which over time demineralizes the tooth structure (P. W. Caufield & Griffen, 2000). 
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ECC can occur soon after eruption of the primary teeth, starting at 6 months of age with a 

severe form attacking the maxillary incisors and other teeth as they erupt (Ismail & Sohn, 

1999). 

Although, early dental researchers identified several possible etiological 

organisms associated with dental caries (referred to as having cariogenic potential), 

Streptococcus mutans was the most researched bacteria up until the 20th century (Zero et 

al., 2009). In recent studies using molecular identification of bacteria, investigators have 

reported that diverse bacterial communities, including some novel species, have 

cariogenic potential and that S. mutans was not detected in about 20% of people who had 

severe caries (Aas et al., 2008; Becker et al., 2002). Lactobacillus species have also been 

implicated in the pathogenesis of caries and there is some evidence suggesting the 

cariogenic potential of Candida albicans (Owotade, Patel, Ralephenya, & Vergotine, 

2013; Klinke et al., 2009). These findings support the ecological plaque hypothesis, 

which proposes that species from the Streptococcus genus are just one of many groups of 

microorganisms involved in the pathogenesis of caries (Marsh, 2003; Kleinberg, 2002; 

Marsh, 1994) .Well-known cariogenic bacteria (Streptococcus mutans, Streptococcus 

sobrinus and Lactobacillus acidophilus) are normal constituents of the oral microbiota 

and can cause disease when in significant abundance and/or due to environmental or 

immunologic changes (Zero et al., 2009). There is some evidence to suggest that children 

could acquire some of these bacteria from their mothers or primary care-givers early in 

life (Li & Caufield, 1995). Further discussion on the role of the oral microbiome in caries 

is discussed below. 
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The role of sugar/carbohydrate-rich diet in cariogenesis cannot be overemphasized. 

Sucrose, also known as table sugar, has a unique role as the sole substrate for 

glucosyltransferases (bacterial enzymes) involved in the synthesis of extracellular glucan, 

which is a sticky substance to which cariogenic bacteria adhere. Carbohydrate 

rich/starchy foods, especially when combined with sugars, are also cariogenic. They 

facilitate prolonged food retention on tooth surfaces (Zero et al., 2009; Bibby, Mundorff, 

Zero, & Almekinder, 1986). 

ECC and caries in general cannot occur without a tooth surface. Edentulous infants 

(defined as infants under approximately 6 months of age who have no erupted teeth) 

might acquire cariogenic bacteria, and when teeth begin to erupt later, cariogenic process 

may begin. Investigators have discovered that several host-related factors—such as tooth 

morphology, position and occlusion, tooth eruption, time and sequence, salivary flow and 

composition, genetic and immunologic factors— are key components of the cariogenic 

process beyond the well-known environmental influences (such as microbial and dietary 

factors mentioned above) (Iida, Auinger, Billings, & Weitzman, 2007; Fontana & Zero, 

2006; Leone & Oppenheim, 2001; Reich, Lussi, & Newbrun, 1999). 

 

E. Characterization of the Oral Microbiota 

The oral cavity comprises of several tissues, such as the buccal mucosa, the hard and soft 

palates, the tongue, teeth and gingiva, and it is connected to the pharynx. Each different 

micro-environment (buccal mucosa, hard and soft palates, tongue, teeth, gingival areas 

and saliva) have distinct microbiota partly due to their differing functions and 

environmental conditions. Communities in the oral cavity are polymicrobial and exist 
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primarily as biofilms on the surface of the tongue, teeth and gingiva. About 700 prevalent 

oral bacterial taxa are recognized, of which approximately 35% have not been cultured 

yet. This proportion of presently uncultivable taxa is however, significantly lower than 

other body sites (where over 80% of bacteria are yet to be cultured) making the oral 

cavity are more attractive site for microbiota characterization. The number of 

predominant species in the oral microbiota varies but the dominant taxa include: phyla 

Firmicutes (e.g. Streptococcus, Gemella, Eubacterium, Selemonas, Veillonella, and 

Granulicatella species), Actinobacteria (e.g. Actinomyces, Atopobium, Rothia, 

Corynebacteriu, and related species), Fusobacteria (e.g. Fusobacterium and Leptotrichia 

species), Proteobacteria (e.g. Neisseria, Eikenella, Kingella, Campylobacter, and related 

species), Bacteroidetes (e.g. Prevotella, Porphyromonas, Parabacteroides, and 

Capnocytophaga species) and TM7 (candidate phyla with no known cultivable 

representatives).  

 

F. Caries and Oral Microbiota 

To clear up technical terms: “microbiota” refers to a collection of microorganisms while 

“microbiome” refers to the collection of these microorganisms and their environment 

(including pH, soluble factors etc.).  

The oral cavity is home to hundreds of microbes (including viruses, fungi and bacteria) 

and the microbiology of caries has been well studied.  For the purpose of this dissertation, 

we are referring to bacteria amongst community of microbes because we assessed the 

oral microbiota by sequencing the 16S rRNA gene which is present in only bacteria and 



 

12 

archaea. Eukaryotic species do not possess 16S rRNA genes (18S rRNA gene is the 

equivalent) hence we could not characterize fungi like Candida. 

As mentioned earlier, the presence of certain bacterial species such as S. mutans has 

been specifically linked to ECC. Although S. mutans is not usually detectable in infants’ 

mouths before tooth eruption, a systematic review of risk factors for caries in children 

under 6 years of age showed the age at which these bacteria are acquired by the child and 

bacteria count are significant risk factors for caries (Harris, Nicoll, Adair, & Pine, 2004). 

Bacterial species other than S. mutans (e.g., species of the genera Lactobacillus, 

Veillonella, Granulicatella, Bifidobacterium, Atopobium, Propionibacterium, 

Actinomyces and low-pH non-S. mutans streptococci like S. sobrinus) have been reported 

to likely play important roles in caries progression (Jiang, Zhang, & Chen, 2013; Kanasi 

et al., 2010; Aas et al., 2008). Investigators have also reported that the colonization of 

several less well-known bacteria are associated with caries, further confirming that caries 

is polymicrobial in nature and supporting the ecological plaque hypothesis 

(Jagathrakshakan, Sethumadhava, Mehta, & Ramanathan, 2015; Becker et al., 2002). 

With the help of anaerobic culture techniques combined with 16S rRNA gene analysis, 

investigators were able to identify novel caries pathogens such as Scardovia wiggsiae 

(Tanner, Mathney et al., 2011) and Slackia exigua (Tanner, Kent et al., 2011). 

Furthermore, the genera of Streptococcus, Veillonella, Actinomyces, Granulicatella, 

Leptotrichia, and Thiomonas found in supragingival plaques in Chinese children have 

been found to be significantly associated with dental caries (Ling et al., 2010). There is 

evidence to suggest that the onset of ECC is accompanied by a decrease in microbial 

diversity indices (Tao, Zhou, Ouyang, & Lin, 2013). 
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G. HIV infection and Dental Caries/ Oral Microbiota 

i. HIV and Caries 

Although several studies (Joosab, Yengopal, & Nqcobo, 2012; Beena, 2011; Obileye 

et al., 2009; Hicks et al., 2000; Madigan et al., 1996; Valdez et al., 1994; Howell, 

Jandinski, Palumbo, Shey, & Houpt, 1992) suggest that HIV infected (HI) children have 

significantly higher levels of dental caries than HIV uninfected children (particularly with 

respect to primary dentition). There are few comparative studies and there is no clear 

consensus in the literature as to whether individuals with HIV are at greater risk for caries 

than their uninfected counterparts.  

In addition to studies conducted in children, several studies (Mulligan et al., 2004; 

Phelan et al., 2004; Baqui et al., 1999)  suggest that HIV infected adults are at a higher 

risk for caries.  

With respect to the comparative studies in children, Madigan et al (Madigan et al., 1996) 

conducted a cross sectional study comparing the oral status of perinatally HIV-infected 

children with their uninfected siblings living in New York and New Jersey states in the 

US. In this study of children aged 0 to 14 years, the authors observed that perinatally 

infected HIV-positive children had a higher prevalence of caries and more cariogenic 

bacteria when compared to their HIV-negative siblings. In another comparative study, 

Tofsky et al (Tofsky et al., 2000) compared caries prevalence in HIV infected children, 

aged 2 – 15 years, living in New Jersey with their uninfected household peers/siblings. 

These investigators reported an overall prevalence of dental caries in the primary 

dentition being higher among HIV infected children compared to their household peers 

[60% vs. 41%]. This difference, however, did not hold true for the permanent dentition 
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(with HIV-infected cases having an overall lower caries index score when compared to 

their household peers) [34% vs. 55%]. These authors suggest that the reason for this 

finding (lower prevalence in permanent dentition) might be attributed to the fact that HIV 

infected children experienced delays in tooth eruption. However, the findings (as it 

pertains to higher prevalence in primary dentition) are consistent with prior studies in 

children (Madigan et al., 1996).  

There is also some evidence to suggest that increased caries experience is associated 

with high HIV viral loads and reduced CD4+ T-lymphocyte counts (Beena, 2011; Phelan 

et al., 2004; Hicks et al., 2000; Baqui et al., 1999). It has been suggested that reports of 

higher caries prevalence in HI children could be attributed to compromised immunity 

(evidenced by a progressive decrease in CD4+ T-lymphocytes), which might reduce 

salivary flow rate and impair the secretory immune system, thus contributing to increased 

bacterial colonization in the oral cavity (Nittayananta et al., 2010; Lu & Jacobson, 2007)  

including cariogenic bacteria. High sucrose levels in pediatric syrups or changes in 

bacterial profiles (G. Liu et al., 2012; Nittayananta et al., 2010; Pomarico et al., 2008) in 

an HIV infected child has also been proffered as a likely cause.  

In Africa, a cohort of 227 HIV-infected South African children aged 4-6 years had a 

significantly higher risk of caries development than children from the general population 

(Joosab et al., 2012). Although there are no comparative studies in Nigeria, Obileye et al 

(Obileye et al., 2009) reported caries prevalence of 39.5% among Nigerian HIV infected 

children aged 4 months to 13 years (with 98% affecting primary dentition) while a study 

by Adeniyi et al (Adeniyi et al., 2012) described a 10% prevalence in an uninfected 

pediatric population in Nigeria. 
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Other authors (Sahana, Krishnappa, & Krishnappa, 2013; Okunseri, Badner, 

Wiznia, & Rosenberg, 2003) have reported low prevalence rates in HIV infected children 

and /or no association between HIV infection and caries. The study by Sahana et al 

involved 27 children while Okunseri et al reported on 120 children. Both did not enroll 

comparison/control groups, and the authors reported lower caries prevalence in HIV 

infected children compared to the reports from the general population.   

Despite the aforementioned reports, we hypothesize that HIV infection 

contributes to changes in the oral microbiota, which could then lead to the development 

of ECC.  Additionally, since there is evidence to suggest that HEU children are at risk for 

early life infections and greater immunological impairment compared to children born to 

HIV-uninfected mothers, referred to here as – HIV-unexposed/uninfected (HUU) 

children (Filteau, 2009; McNally et al., 2007; Otieno et al., 2006), we hypothesize that 

perinatal HIV exposure (not only infection) could also contribute to changes in the oral 

microbiota and lead to an increased risk of ECC in young children. 

ii. HIV and Oral Bacterial Profiles 

In recent years, the relationship between HIV and the human microbiome has gained a 

great deal of attention. There is evidence suggesting that the gut microbiome influences 

HIV disease progression (Vujkovic-Cvijin et al., 2013; Ellis et al., 2011). Several studies 

found that HIV infection was associated with shifts in the composition of the intestinal 

microbiome.  A 2013 study (McHardy et al., 2013) showed that HIV infection was 

associated with rectal mucosal changes in microbiota composition and function even in 

those receiving ART. Another group (Ellis et al., 2011) demonstrated a significant 
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correlation between CD8+ T-cell counts and total bacterial 16S rDNA present in stool 

samples of HIV infected individuals.  

Regarding the relationship between HIV and oral microbiota, one study (G. Liu et al., 

2012) revealed a significant association between CD8+ T-cell counts and levels of 

cariogenic bacteria (particularly S. mutans) in an HIV infected group compared to an 

uninfected group. Dang et al (Dang et al., 2012) showed that HIV infection may lead to 

substantial disruptions in the community structure of the lingual microbiota, even in the 

absence of clinical oral manifestations. In a preliminary report from saliva samples of 6 

HIV infected individuals and 6 HIV uninfected individuals. Saxena et al (Saxena et al., 

2012) showed that the oral microbiota in HIV infected individuals was significantly 

different from that of uninfected controls. However, studies conducted in children found 

no significant differences comparing HIV infected children to their uninfected 

counterparts (Goldberg et al., 2015; Kistler, Arirachakaran, Poovorawan, Dahlen, & 

Wade, 2015; Mukherjee et al., 2014). Evidence supporting the hypothesis that the 

composition of the oral microbiota in children is considerably altered during HIV 

infection is limited in sub-Saharan Africa.   

It is important to note that several systemic conditions and behaviours have been 

shown to alter the bacterial composition and profile of the oral microbiota (Zarco, Vess, 

& Ginsburg, 2012). Zhou et al (Zhou et al., 2013) showed that type 2 diabetes mellitus 

altered the bacterial composition of the subgingival plaque. Oral bacterial profiles in 

breast-fed infants have been shown to differ from those of bottle fed infants (Holgerson et 

al., 2013) as with infants born vaginally compared to those born via Caesarean section 

(Nelun Barfod et al., 2011). Therefore, systemic health, feeding practice and delivery 
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method are important factors to consider when evaluating the relationship between HIV 

and the oral microbiota in infants and children. 

 

H. Research Questions, Specific Aims and Hypotheses 

Questions 

1. Among children aged 6 to 72 months, is there an association between HIV 

infection/exposure and dental caries? 

2. Among children aged 6 to 72 months, are there differences in oral microbiota 

diversity indices among HIV-infected, HIV exposed-uninfected and HIV 

unexposed/uninfected children? 

 

Specific Aim 1: To compare the prevalence of dental caries in HIV-infected, HIV 

exposed but uninfected and HIV unexposed /uninfected children. 

Hypothesis 1.a.: HIV-infected children will have a higher prevalence of caries, 

compared to the HIV unexposed/uninfected children. 

Hypothesis 1.b.: HIV exposed-uninfected children will have a higher prevalence of 

caries compared to the HIV unexposed/uninfected children. 

 

Specific Aim 2: To characterize and compare the salivary bacterial diversity indices in 

HIV-infected, HIV exposed-uninfected and HIV unexposed/uninfected children. 

Hypothesis 2.a.:  HIV-infected children will have lower levels of bacterial diversity 

compared to the HIV unexposed/uninfected children. 
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J. Summary of Research Significance 

This research is important because it has the potential to provide crucial information 

regarding the role of HIV infection or exposure in the development of caries and on 

alterations to the oral microbiota in young children. The oral cavity has a significant 

proportion of microorganisms that are unknown particularly in terms of understanding 

their potential role in disease initiation, progression or maintenance of oral health. Since 

the vast majority of bacteria have yet to be identified or cultivated, we used culture-

independent bacterial taxonomic profiling approaches based on phylogenetic markers 

such as the small subunit 16S rRNA gene that permits an exhaustive assessment of the 

bacterial species in the oral microbiota.  

Understanding the relationship between the oral microbiota and the host immune 

system could be useful when monitoring HIV infection and evaluating disease prognosis. 

Additionally, results from this study will provide insight into possible preventive 

measures for the acquisition or cariogenic bacteria/development of ECC in children. This 

could significantly influence the current standard of care for HIV-infected or HIV 

exposed but uninfected children. For example, one study (Fukuda, Sonis, Platt, & Kurth, 

2005) suggested that long-term penicillin prophylaxis in sickle cell anemic patients could 

prevent the acquisition of S. mutans, and subsequently prevent caries initiation or 

progression in these patients. This may be applied to HIV infected children if they are 

found to be at higher risk of developing caries.  
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II. RESEARCH METHODS AND DESIGN 

A. Study Design 

This is a cross sectional study of HIV-infected (HI), HIV exposed but uninfected 

(HEU) and HIV unexposed and uninfected (HUU) children aged 6 to 72 months and 

receiving care at a tertiary health center in Nigeria. Caries assessment and sampling of 

the oral cavity for microbial analysis were performed at time of enrollment (only once). 

The status of HIV infection and exposure was determined prior to enrollment but was 

further confirmed at the time of enrollment. 

B. Study Site  

The study was conducted in the southern state of Edo, Nigeria at the University of 

Benin Teaching Hospital (UBTH). UBTH is located in the metropolitan city of Benin, 

Edo State. Benin City, the capital city of Edo State, Nigeria, is a cultural hub 

predominantly inhabited by the Edo-speaking ethnic group. The population of the Benin 

City is approximately 760,000, comprising ethnic groups from across the country and the 

world because of its cosmopolitan tendencies. Benin City is home to major tertiary 

institutions such as the University of Benin and its teaching hospital, UBTH. 

This study site (UBTH) was selected because of its reputation for excellent care and 

the presence of an accredited dental school and clinic/facility. Furthermore, UBTH was 

supported by the Institute of Human Virology, University of Maryland’s (IHV-UMB) and 

the Institute of Human Virology, Nigeria (IHVN)’s U.S President’s Emergency Plan for 

AIDS Relief (PEPFAR) ACTION (AIDS Care and Treatment in Nigeria) project, whose 

primary aim was to support the response of the Federal Republic of Nigeria to the HIV 

epidemic and related infectious diseases through implementation and scale-up of 
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comprehensive prevention, care and treatment programs. Specifically, in the past 5 years, 

UBTH has cared for over 4,000 HIV infected pregnant women, offering an opportunity to 

study a subset of HIV exposed but uninfected (HEU) children. IHV-UMB has been 

collaborating with this institution and supporting these programs since 2004.  

C. Study Participants 

HI, HEU and HUU children aged 6 to 72 months were recruited for this study. This 

age bracket was chosen mainly based on the definition of ECC (Chapter 1C). 

Furthermore, tooth eruption starts at about 6 months in many children and we thought it 

would be important to evaluate the microbial community as soon as there is a potential 

risk for cariogenesis.  

HI and HEU children 

Our study leveraged a group of HI children (with confirmed HIV diagnosis) 

currently receiving care and treatment at UBTH based on support from the CDC funded 

U.S President’s Emergency Plan for AIDS Relief (PEPFAR) project. 

In accordance with the HIV care and treatment guidelines in Nigeria, all HIV 

infected children (regardless of CD4 count/percentage) should be on antiretroviral 

treatment so 94% of HI children enrolled in this study were already receiving ART at the 

time of enrollment. For the purpose of this study, blood was drawn from HEU children to 

measure the CD4 lymphocyte counts and percentages to measure immune status. 

HI children  

In enrolling HI children, each child aged 6 months to 72 months who attended the 

UBTH pediatric HIV care and treatment clinic between February and October 2014 was 

evaluated based on the following eligibility criteria; 
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Inclusion criteria: 

 Aged 6 to 72 months of age  

 Evidence of HIV infection (if <18 months of age, DNA PCR test were 

conducted and  if > 18 months of age, we performed a HIV antibody/rapid 

test) 

HEU children  

HEU children were enrolled from the early infant diagnosis (EID) special clinic, the 

pediatric outpatient clinic, the PMTCT clinic (based on discussions with HIV infected 

pregnant mothers receiving care at the antenatal clinic) or based on referrals. EID clinics 

are aimed at caring for infants who have been perinatally exposed to HIV but are not or 

have not yet been diagnosed with HIV infection. Evidence of maternal HIV infection was 

assessed from review of antenatal records or from the PMTCT clinic where their mothers 

received care during pregnancy. By reviewing these records, we were able to identify and 

recruit HEU children who met the following inclusion criteria: 

Inclusion criteria: 

 Aged 6 to 72 months of age  

 No evidence of HIV infection at time of enrollment (if <18 months of age, DNA 

PCR test were conducted and  if > 18 months of age, we performed a HIV 

antibody/rapid test) 

 History of maternal HIV infection during pregnancy 

HUU children 

UBTH runs a comprehensive pediatric clinic that provides well-baby care on a 

regular basis to children from the general population. For this study, HUU children were 
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enrolled from the general pediatric outpatient, well-baby and immunization clinics at 

UBTH.  

HIV confirmatory tests were performed on all participants prior to enrollment and 

group classification. Socio demographic and clinical data were obtained from medical 

records. Data included age, gender, current medication use, CD4 T–cell counts (where 

applicable), maternal health data (where available). As with HEU children, blood was 

drawn from children in the HUU group to measure the CD4 lymphocyte counts and 

percentages. 

Inclusion criteria: 

 Aged 6 to 72 months of age  

 No evidence of HIV infection at time of enrollment ( If <18 months of age, DNA 

PCR test were conducted and  if > 18 months of age, we performed a HIV 

antibody/rapid test) 

 No history of maternal exposure to HIV during pregnancy i.e. records indicated 

that mothers tested HIV negative when receiving antenatal care. 

Overall Exclusion criteria: 

 Parents/Guardians do not speak English or Pidgin English 

 Parents/Guardians did not provide informed consent  

 

D. Sampling and Recruitment 

Recruitment strategy: Approval of this protocol by the UBTH institutional ethical 

committee in Nigeria, and the institutional review board at the University of Maryland, 

Baltimore was secured in January 2014. A week-long training on the study protocol, 



 

24 

good clinical and laboratory practice, privacy and confidentiality protection in the 

conduct of this study was given to staff that were tasked with study implementation. 

Study staff included dentists, physicians, nurses, laboratory scientists, research assistants 

and the study coordinator. After a period of training and pilot testing/revision of the data 

collection tools, enrollment for this study began in February 2014. 

As they attended their various clinics, parents or guardians of eligible participants were 

invited to sign an informed consent to allow participation of their ward(s) in the study. 

All caregivers were literate and were able to sign their names on the informed consent 

form. Parents or guardians were informed about the study (information regarding the 

study purpose, procedures, potential risks, and benefits; the freedom to withdraw and 

confidentiality of data). Their consent was to allow examination, blood, saliva sample 

collection and as well as access to their medical records and administration of 

questionnaires. Consent forms were co-signed by the site investigators and study 

coordinator. Participants were included if they met the inclusion criteria and had parental 

consent. 

E. Data Collection 

For this study, data collection consisted of 3 main parts - 1) interviewer-administered 

questionnaire (by trained study staff); 2) oral examination (including sample collection) 

by trained dentists 3) medical record review. It took approximately 2 hours for each child 

to complete the data and sample collection process.  

The questionnaire had six components (see Appendix II: Study Forms): a) Child’s 

demographic information; b) Child’s general health/Medical History;  c) Mother’s 

demographic information; d) Mother’s general health/Medical History; e) Oral Health 
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Questionnaire; f) Diet/Feeding practices. The questionnaires were interview-administered 

with parent(s) in a private room within the clinic. This occurred prior to the oral clinical 

examination and sample collection at the dental facility.  

The oral/dental examination, assessment and sampling were performed by trained 

dental professionals who were blinded to the study group of the participants being 

examined.  

Primary Outcome 1: Prevalence of Early Childhood Caries (ECC).  

As previously stated, ECC is defined as “the presence of one or more decayed (clinically 

detectable cavities), missing (due to caries) or filled tooth surfaces” in any primary tooth 

in a child aged 6 months to 72 months (Drury et al., 1999). This was assessed by clinical 

examination of all teeth in each enrolled child, who is seated either on the parent’s lap or 

ordinary chair, using artificial light, sterile dental mirrors and probes by trained 

dentists/dental surgeons at UBTH.  For this study, a protocol for caries identification was 

used to standardize ascertainment of carious lesions in children. Children were classified 

as either caries free or caries affected. The dft index is a caries index used to measure 

caries prevalence in a primary or deciduous dentition (representing the count of decayed 

or filled teeth; score ranges from 0-20) while DMFT is a caries index used to measure 

the prevalence of caries in permanent dentition (representing the number of affected teeth 

in terms of being decayed, missing or filled teeth due to caries; score ranges from 0-32). 

Within this study population, several children had mixed dentition so epidemiological 

indices of dental caries, dft and /or DMFT, were used to assess caries prevalence in 

primary and secondary dentition respectively. With the dft index, missing teeth were 

ignored, because in children it is difficult to determine whether the missing tooth was 
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exfoliated or extracted due to caries or due to serial extraction or trauma. Since we 

focused on caries prevalence children aged 6 to 72 months where primary dentition was 

predominant (dft indices were of primary interest).  

Primary Outcome 2: Bacterial diversity profiling of the oral microbiota as defined by the 

approach where DNA from saliva samples was extracted and PCR amplified using 

‘universal’ primers for the 16S rRNA gene. The sequence of sample collection began 

with unstimulated saliva collection from the child. Unstimulated saliva is preferred 

because stimulation (by masticatory and gustatory actions) would affect the 

concentrations of some constituents and the pH of whole saliva. Quality assurance and 

quality control measures were put in place to ensure that samples maintained their 

integrity thorough all processes of handling, storage and processing. 

Saliva Sample Collection  

The children’s saliva collection was facilitated using a sorbette swab. A sorbette is a 

hydrocellulose sponge-tipped applicator great for saliva collection with infants and small 

children. The sorbette were placed under the tongue to absorb the whole saliva that pools 

there. For children 12 months of age and older, the sorbette was left in place for at least 

60-90 seconds to ensure the device is saturated. However, for children under 12 months 

of age, the sorbette was left in place for 15-30 seconds at a time and re-introduced as 

needed until the sorbette is saturated (at least 60-90 seconds total time). The sorbettes 

were stored in sterile, labeled tubes and frozen at -80ºC within two hours after collection.  

Processing, storage and shipping 

IHVN office has a biorepository warehouse equipped with refrigeration for receipt and 

storage of laboratory commodities as well as a -80 ºC freezer facility. There is a 
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dedicated generator guaranteeing around-the-clock power for both the office and 

warehouse facilities. Frozen samples were shipped using high-capacity International Air 

Transport Association (IATA)-regulated dry shippers by a certified courier, which has 

been done routinely for other ongoing studies within IHVN in transferring samples to 

IHV-UMB. 

All specimens were transported to the UMB-IGS laboratory in Baltimore for total DNA 

extraction followed by 16S RNA gene PCR amplification and sequencing for bacterial 

identification. (Refer to Section F for Laboratory and Sequence Techniques and 

Assessment of Salivary Bacteria) 

In summary, the bacterial community within each saliva sample was assessed by 

quantifying the  

i. Relative Abundance 

ii. Diversity Measures 

Exposure measures are HIV exposure and HIV infection. HIV exposure was based on 

prior documentation of maternal HIV infection during prenatal visits and current HIV 

status of child. Pregnant women who attend the antenatal clinic at UBTH are routinely 

tested for HIV antibodies under standardized laboratory procedures supported by IHVN 

and IHV-UMB. Children of women who test positive for HIV antibodies are considered 

to have been HIV exposed. HIV infection in an infant/child is ascertained by the 

laboratory detection of HIV DNA using PCR if < 18 months of age (to allow for 

persistent maternal antibodies) and detection of antibodies with HIV serology if > 18 

months of age based on the existing testing algorithm (see Appendix I: Early Infant 

Diagnosis of HIV algorithm).  
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To briefly describe the process of diagnosing HIV infection in children, HIV 

infection can be definitively diagnosed through the use of virologic assays in most non-

breastfed HIV-exposed infants by 1 month of age and in virtually all infected infants by 4 

months of age. For breastfed HIV-exposed infants, testing after complete cessation of 

breastfeeding was performed at or around six weeks after complete cessation of 

breastfeeding. A positive virologic test (detection of HIV by DNA polymerase chain 

reaction (PCR) or RNA assays) indicates likely HIV infection. A confirmatory test must 

be performed after an initial positive result. Once a definitive HIV diagnosis is made, the 

child was enrolled into the HIV pediatric clinic for appropriate care and treatment. 

Potential confounding variables: The variables that were considered can be classified 

into 2 groups;  

i. child-related variables 

ii. maternal and caregiver-related variables  

Child-related variables: These are age, sex, ethnic group, gestational age at birth, birth 

weight, oral hygiene practices (fluoride toothpaste), dental history, early feeding practices 

(for the first 6 months of life), length of breast vs. bottle feeding, current feeding 

practices (to include diet in the past month and daily frequency of sugary intake), 

presence of other orodental diseases, presence of other co-morbid or immunosuppressed 

conditions (e.g. malnutrition, diabetes mellitus, TB, measles, malaria), history of drug use 

(especially antibiotics). Even though all children were grouped according to HIV status 

or exposure, we examined CD4 counts and percentages across all study groups. 

Maternal/Caregiver-related variables: These are age, education, 

socioeconomic/employment status, tobacco use, pre-pregnancy weight, mode of delivery, 



 

29 

history of systemic illness during pregnancy (e.g. eclampsia/hypertension, diabetes and 

rheumatic heart disease), maternal co-morbid conditions (such as Hepatitis, Tuberculosis 

that affect immune status), perceived oral health, history of premastication of food (for 

the participating child(ren)) and oral hygiene practices.  

The expected major confounding variables of interest for Aim 1 based on what we 

know now are child’s current age, early feeding practices (length of breast and/or bottle 

feeding), socioeconomic status, current diet (sugary intake) and current immune and 

growth status. Similarly, the major confounding variables of interest for Aim 2 based on 

what we know now are current age, early feeding practices, current diet (sugary intake), 

current immune status and history of antibiotic use. 

Measurement of Major Covariates  

Child related variables 

Age: Teeth continue to develop and erupt during the first six years of life so older 

children are at greater risk of caries due to the fact that they have (1) more teeth and (2) a 

longer time to develop caries. We evaluated age as a confounder and an effect modifier. 

Age was measured as both a continuous (in one-month increments) and a categorical (i.e. 

6-11, 12-23, 24-59, 60-72 months) variable. These age groups are in concordance with 

vaccination and immunization milestones. We controlled for any effect age may have on 

the association between HIV, caries and salivary bacterial diversity indices. We also 

explored the possibility of effect modification by age on the association between HIV 

infection and exposure on caries and the oral microbiota. 

Anthropometric measurements: The height of children from birth to 23 months of age 

was measured using a board with a fixed head and sliding foot piece to the nearest 0.5 
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cm. For children 24 months and older, a standing height were measured to the nearest 0.5 

cm. Weight were measured to the nearest 0.1 kg using a scale that were calibrated daily. 

Measurements were taken three times and the mean of the three measurements were used 

for the derivation of the z-scores (WHZ, HAZ, WAZ scores) based on the anthropometric 

standards for growth calculations based on z-scores (published by World Health 

Organization). These calculations are based on height/length, weight and age. 

Gestational Age at Birth: This was recorded based on review of labour and delivery 

information during the child’s birth. Births occurring at less than 37 weeks of gestation 

were described as premature while others were described as term births. 

Birth weight: Birth weight were collected and used to define if the child was small for 

gestational age based on WHO growth charts.  

Dental History: The following questions were asked to collect data to determine dental 

history: “When was the last time your child visited the dentist?” and “Has your child had 

cavities previously?” 

Early feeding practices: Specific questions were asked of parents of children regarding 

current feeding practices (if child is under 1 year of age) or past feeding practices during 

the 1st year of life (if child is over 1 year of age). Options were; 1) bottle fed; 2) 

breastfed; or 3) mixed feeding 

Current breastfeeding were assessed based on a response to the question, “Is the child 

currently being breastfed?” Responses were categorized as either, “No”, “Partially” or 

“Exclusively”. Based on well-founded reports, very few children in Nigeria are breastfed 

past 36 months of age, therefore we analyzed the effect of breastfeeding on 

caries/bacterial diversity indices in those children who are 36 months of age and younger. 
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Duration of Breastfeeding: The accompanying parent and/or caregiver of each child were 

questioned on the duration of feeding if child was ever breast fed by asking “For how 

long did your child breastfeed?”Given that most Nigerian children are supplemented with 

semi-solid or solid food 5 to 6 months after birth, we expect that a breastfeeding duration 

of >6 months would not be exclusive.  

Sugar consumption was assessed by asking “how many times daily do you give your 

child/ward the following sugary foods/drinks (glucose water, sugar water, chocolate milk 

with sugar, black tea with sugar, sweet potatoes, sugared soda/soft drinks, biscuits, 

cookies, cakes, ice-cream, candy/sweets/toffees/chocolate)?”  Responses ranged from (0) 

Never; (1) 1-2 times daily; (2) 3 or more times daily.  

Oral hygiene practices – Several questions were asked to assess oral hygiene practices. 

Questions included: 

 Who brushes your child’s teeth for her? Responses ranged from (1) child; (2) 

parent or other caregiver; or (3) Someone else 

 How often are your child’s teeth brushed? (1) Never; (2) Less than once a day; 

(3)Once a day; or (4) Twice a day  

Antibiotic use: Binary variables were used to record the use of antibiotics in the last 3 

months. This was based on a combination of survey data and medical chart review. We 

determined whether antibiotic use was associated with the outcomes of interest and 

included them in our models where appropriate. Based on current Nigerian guidelines, all 

infants delivered to HIV infected mothers should be on cotrimoxazole prophylactic 

therapy from 6 weeks of age till HIV status is known. Furthermore, all HIV infected 
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children should be receiving cotrimoxazole regardless of their immune status or clinical 

staging. 

Presence of comorbid conditions: Binary variables for the diagnosis of sickle cell 

disease, malaria, pneumonia or meningitis in the last 30 days were recorded. We used 

these variables as covariates in our analysis and determined whether they were associated 

with either our exposure or outcomes of interest and included them in our models where 

appropriate. 

Maternal/Caregiver related variables 

Socio-demographic variables were assessed in terms of primary caregiver’s education. 

Response to questions; “What is the highest level of school you/mother of the child have 

attended?” Responses were given as (0) No formal education; (1) Did not complete 

primary school; (2) Completed primary school; (3) Secondary; (4) Completed Secondary; 

(5) College/University.  

Dental/Oral Health Education was assessed by asking the caregiver, “Have you ever 

received information from health worker/radio on how to care for your own teeth and 

gums?” Responses are given as (0) No; (1) Yes; and (99) Don’t know or remember. 

Mode of Delivery was assessed by asking the mother if the participating child was 

delivered (1) via caesarean; or (2) vaginally.  Method of membrane rupture (spontaneous 

or artificial /induced) was also ascertained via the survey. Where available, labor and 

delivery records were assessed to further confirm this response. 

Dental History was based on whether or not the mother reported having an episode of 

tooth decay. Responses are either (1) Yes; (2) No. 



 

33 

F. CD4 Measurements 

The CD4 T lymphocytes are a subgroup of lymphocytes also known as T helper cells. 

They are the “coordinators” of the body's immune response in the sense that they provide 

help to other lymphocytes and augment cellular immune response where necessary. CD4 

T lymphocytes occupy the central position in regulating immune functions in the body 

and are the primary targets of HIV. The reduction of CD4 T lymphocytes in progressive 

HIV infection eventually results in an impaired immune response to opportunistic 

pathogens.  CD4 T lymphocytes measurements are used to monitor disease progression 

and significant changes in the amount of CD4 T lymphocytes in peripheral blood. It acts 

an important indicator of ART response (although HIV plasma viral load is more 

sensitive indicator).  

There are 2 ways to quantitatively measure CD4 lymphocytes. 

i. CD4 percentage values 

ii. CD4 absolute count  

CD4 percentage values estimate the proportion of entire lymphocytes in the blood 

that are CD4 lymphocytes. These values are derived from flow cytometry analysis of 

whole blood. 

 CD4 absolute counts are calculated from CD4 percentage values and total 

lymphocyte counts based on the following formula: (%CD4 × absolute lymphocyte 

count / 100) = absolute CD4 count.  

Blood samples were collected from all children enrolled in this study to 

quantitative measure CD4 lymphocytes. 
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G. Laboratory and Sequence Techniques 

Oral samples handling and processing: As described above, samples were stored frozen 

at -80°C after collection. Samples were shipped to Dr. Mongodin’s laboratory at the 

University of Maryland’s School of Medicine - Institute for Genomic Sciences (SOM-

IGS) laboratory on dry ice, to make sure they stay frozen at all times and avoid DNA 

degradation that would have created biases in the bacterial community profiles. Samples 

were then transferred to a -80°C freezer upon delivery to the SOM-IGS, and kept frozen 

until processed for DNA extraction. 

DNA isolation and extraction: Procedures for the extraction of genomic DNA from 

metagenomic samples have been developed and validated by investigators at SOM-IGS, 

and have been previously published  (Goldberg et al., 2015; Zupancic et al., 2012; Gajer 

et al., 2012). In summary, samples were thawed on ice, then incubated in an enzymatic 

cocktail (lysozyme, mutanolysin and proteinase K), after which the microbial cells were 

lysed using bead beating, and the DNA were further extracted using the Zymo Fecal 

DNA kit (Zymogen). This procedure provides high quality whole genomic DNA, which 

is appropriate as a template for the amplification of the 16S rRNA gene followed by 

high-throughout sequencing of the 16S rRNA gene amplicons. 

Microbial community profiling through 16S rRNA gene sequencing using the 

Illumina MiSeq sequencing platform: Two universal primers, 319F and 806R, were used 

for PCR amplification of the V3V4 hypervariable region of the 16S rRNA gene. The 

resulting 16S amplicons was sequenced using the Illumina MiSeq platform (Fadrosh et 

al., 2014). In most microbial species, the V3V4 region is approximately ~500 base-pairs, 

and only deviates from this length by a few base-pairs. Because MiSeq enables paired 
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300-bp reads, the ends of each read overlap to generate extremely high-quality, full-

length reads of the entire V3V4 region in a single 24-hour sequencing run. The 806R 

primer includes a unique sequence tag to barcode the samples, enabling up to 500 

specimens (each with a different barcode) to be run as one batch. 16S rRNA genes were 

amplified in 96-well microtiter plates, using procedures previously published at SOM-

IGS (Sellitto et al., 2012; Ravel et al., 2011). Negative controls without a template are 

processed for each primer pair. The presence of amplicons was confirmed using gel 

electrophoresis and equimolar amounts (20 ng) of the PCR amplicons were mixed in a 

single tube. Amplification primers and reaction buffer were removed by processing the 

amplicon mixture with the AMPure Kit (Agencourt). The purified amplicon mixtures 

were sequenced on the Illumina MiSeq platform by the Genomics Resource Center 

(GRC) at IGS according to the manufacturer’s protocols and modified by the GRC. 

Following sequencing, raw sequence reads were trimmed (barcode and quality 

trimming) and filtered to meet specific criteria, such as criteria of minimum and 

maximum read length (trimmed reads between 200 bp to 300 bp), if they contained no 

ambiguous base calls, if the average quality value was more than q20 within a sliding 

window of 25 bp, chimera-free using the UCHIME software.  Paired-reads were then 

assembled, and sequence reads with the same barcode were binned by sample. 

Taxonomic assignments of sequences were performed using the Ribosomal Database 

Project (RDP) Bayesian classifier within the Quantitative Insights Into Microbial Ecology 

(QIIME, version 1.9.1) software package using the Human Oral Microbiome Database 

(HOMD, version 10.1) as reference database. Sequences without a nearly-identical match 

to HOMD were marked as ‘no match’. Species in the oral microbiota were measured 
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using a dichotomous presence/absence variable, as well as a quantifiable continuous 

variable (i.e. relative abundance) that indicates proportion of sequences (compared to the 

total number of sequences) of specific species found in that sample. The taxonomic 

independent approach was based on sequence similarity or clusters within a 97 percent 

similarity. All reads within each cluster are considered to be in the same operational 

taxonomic unit, or “OTU”.  

Based on these approaches, the bacterial community within each sample was assessed by 

quantifying the following parameters. 

1. Relative abundance: This is used to measure the fraction of the entire population 

made up to a particular species, genera or phyla. The relative abundance of well-

known cariogenic bacteria (which include: Streptococcus mutans, Streptococcus 

sobrinus and Lactobacillus acidophilus) were evaluated. Previous literature 

(Saxena et al., 2012) suggest that at the phyla level, Actinobacteria, Bacteroidetes, 

Fusobacteria, Firmicutes and Proteobacteria and at the genus level, Streptococcus, 

Prevotella, Porphyromonas and Neisseria are differentially abundant between the 

HIV infected and HIV uninfected adults.   

Relative species abundance can be defined as Pi =
	
  where ni is the "species 

abundance" and N is the total number of species present. 

2. Shannon index: This is a mathematical measure of bacterial community diversity 

that accounts for both richness and evenness of the species present. Richness is an 

estimate used to characterize the number of species or taxa in a sample. Evenness 

is an estimate of relative abundance. Shannon index is based on the formula 
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below where Pi is the relative abundance of species i (as described #1 above), s = 

total number of species encountered and ∑ = sum from species 1 to species s. 

                 s 

H = - ∑ (Pi * ln Pi)  

                        i =1 

It is easy to see that the greater the number of species (s), the larger the Shannon 

index (H) will become, since there were more	 Pi	 ∗ 	ln	Pi 		or	 ln   to add. 

3. Chao1 estimator: This is a mathematical measure of the bacterial community 

richness. 

Chao1 estimates total species richness as  

                                SChao1 =
	  

where Sobs is the number of observed species, n1 is the number of singletons (species 

captured once), and n2 is the number of doubletons (species captured two or more 

times). 

 

H. Sample Size and Power 

The following sections describe sample size estimations according to our specific aims. 

Aim 1: To compare the prevalence of dental caries in HI, HEU and HUU children. 

Based on recent reports of caries prevalence of 10% among children aged 6-71 months 

with unknown HIV status in Nigeria (Adeniyi et al., 2012; Sowole et al., 2007), we used 

prevalence for caries (i.e. presence of one or more carious lesions) ranging from 8-10% 

among healthy HIV uninfected children for our sample size calculations. Obileye et al 

(Obileye et al., 2009) reported caries prevalence of 39.5% among Nigerian HIV infected 
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children aged 4 months to 13 years with 98% of the caries prevalence affecting deciduous 

dentition (primary teeth). This study, however, did not provide information about 

HAART exposure in this population. Furthermore, preliminary estimates from the HIV 

pediatric clinic at UBTH indicated that about 10 (23%) out of 44 children under age 5, 

who present at the clinic, complained of a toothache and were referred to the dentist at 

the site (personal communication). We anticipated that this estimate of the prevalence of 

one or more caries is underestimated because health care providers at the HIV pediatric 

clinic were not trained to identify caries. Therefore, for this study, we considered a 15% 

point difference to be clinically important; hence we powered the study to detect this 

difference. We estimated a caries prevalence of about 25% among HIV infected children 

aged 6-72 months. The various samples sizes required for the detection of clinically 

important differences in the caries prevalence when comparing HI to HEU and HUU 

children are shown in Table 1 (with 80% power and an alpha rate of 0.05).  

 

Table 1. Sample size estimation for different effect sizes for 1:1:1 ratio of HI to HEU to 
HUU children, a fixed power (.80) and a two sided error rate (α=0.05) 

Expected % 
with caries 

among HUU 
children 

Expected %  with 
caries among HI 

or HEU 
children 

Sample Size: Total population (N), population 
size in each group (n) with a 1:1:1 ratio of HI to 

HEU to HUU children. 
N                n 

8 20 390         130 
8 22 303         101 
8 25 222         74 
10 20  597         199 
10 25 300        100 
10 30 186          62 

 

By enrolling 300 eligible children between ages 6 and 72 months (100 in each group), we 

estimated that we should be able to detect a 15% point difference in the prevalence of 
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caries based on a baseline caries prevalence of 10%, with a statistical power of 80% and a 

two sided type 1 error rate of 5%. To allow for a 10% drop out rate, we planned to enroll 

330 child-participants for this study. Details regarding the planned feasibility of 

recruiting 330 children are given below (see Section VII Feasibility b. Sample 

Recruitment). 

Aim 2: To characterize and compare the oral microbiome diversity in HI, HEU and 

HUU. 

To study microbiota diversity index, comparing Shannon index in HI and HEU with 

HUU children and detecting an effect size of 0.5 (difference in means), we calculated that 

we needed to study 64 subjects in each group to be able to reject the null hypothesis that 

the means across each group are equal with a power of 0.8 and a Type I error probability 

of 0.05. Therefore, we had sufficient power to detect this difference in our study of 

approximately 90 subjects per group (N=286).  

 

I. Data Management and Statistical Analysis 

Data handling and record keeping: Microsoft® Access XP database was used to enter all 

the caries assessment data as well as data related to the diet and oral health questionnaire. 

To minimize error, data were validated as they were entered (e.g. range checking, making 

sure mandatory values are not left blank, validating one value based on another, e.g. a 6-

month old child should not have 20-teeth). Access to the data was restricted to key study 

personnel. Laboratory staff and dental staff were blinded to participants’ identity and 

HIV exposure/infection status.  Data were examined for accuracy and validity.  
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Statistical analyses of the de-identified databases were performed using SAS® 

version 9.2 and R statistical package v.3.2 (R Core Team, 2013). R is an open source 

statistical software hosting packages such as “phyloseq” (v. 1.12) designed to handle 

microbiome sequencing data (McMurdie & Holmes, 2013).  

Aim 1: To compare the prevalence of dental caries in HI, HEU and HUU children. 

For this aim, we calculated the proportion of children with caries in each group (based on 

presence or absence of caries). Descriptive analyses for the dft indices (epidemiological 

indices of dental caries to assess decayed or filled primary teeth as described above) were 

also performed. To determine group differences, the analytical procedure involved either 

the chi-square test for the categorical variables or a t-test and ANOVA for the continuous 

variables. Multivariable logistic regression analyses were used to evaluate the effect of 

HIV infection or exposure on the odds of having one or more carious lesions after 

accounting for potential confounding variables such as sugary content of diets and 

feeding practices. Regression diagnostic tools (tests such as Hosmer-Lemeshow (HL), the 

area under a ROC (receiver operator curve and pseudo R2 statistic) were used to assess 

the validity of the models and help identify the model best fitted to the data.  

Aim 2: To characterize and compare the oral microbiota diversity in HI, HEU and 

HUU children. 

To describe general bacterial diversity, the Shannon diversity index (H) scores were 

calculated. The distribution of H scores was plotted as a histogram and its normality 

tested using Kolmogorov-Smirnov test.  Data were log-transformed to approximate 

normality as appropriate. The differences in the means were tested using t-test and the 

differences in the medians tested using Wilcoxon rank sum or Kruskal-Wallis tests. In 
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the same way, we also compared the Chao1 indices (which measures bacterial 

community richness and expressed through the number of observed unique operational 

taxonomic  units [OTUs]) across the 3 groups of HI, HEU and HUU children and 

compare the relative abundance of species (between the HI and HUU groups to assess 

the association between HIV infection and the oral microbiota diversity whereas the 

comparison between HEU and HUU was done to assess the association between HIV 

exposure and oral microbiota diversity). To analyze the potential effect of HIV infection 

or exposure of the participants with Shannon diversity index, Chao1 estimator values or 

relative abundance of predominant genera/species, multiple linear regression models 

were used to estimate differences between patient groups while controlling for the effect 

of age and other confounding variables.  

Species of interest in the oral microbiota (such as cariogenic Streptococcus mutans, 

Streptococcus sobrinus and Lactobacillus acidophilus) were used to categorize the data 

using a dichotomous present/absent variable for cariogenic bacteria. Based on this 

categorization, the association between HIV infection/exposure and oral microbiota 

diversity was also assessed using a conditional logistic regression model and measured 

using an odds ratio comparing the odds of having specific species present in cases to the 

odds of having specific species present in controls.  
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III. DENTAL CARIES AND ITS ASSOCIATION WITH PERINATAL HIV 

INFECTION AND EXPOSURE IN NIGERIAN CHILDREN1 

Abstract  

Background: Although HIV infection is associated with well-known oral pathologies 

termed oral manifestations of HIV, 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 hospital in Nigeria.  The groups include HIV infected 

(HI); HIV exposed but uninfected (HEU); and HIV unexposed and uninfected (HUU) 

children aged between 6 and 72 months.  Medical records were reviewed and caregivers 

were administered a questionnaire for socio-demographic, maternal and birth factors as 

well as early feeding and dietary information. Oral examinations were performed by 

trained dentist-examiners.  

 

Results: Compared with HUU children, HI children had an increased odds for caries 

(OR=2.58; 95%CI=1.04-6.40) while HEU children had a higher, but not significant, odds 

for caries (OR=2.01; 95%CI=0.56-7.23) within an adjusted analyses. Other factors 

significantly associated with higher caries prevalence include older age, long duration of 

breastfeeding, low CD4 counts and percentages, and spontaneous membrane rupture 

during delivery.
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Conclusions: Our data suggest that HIV infection might be associated with caries 

prevalence and severity. Our study adds new knowledge regarding the birth and delivery 

factors that might be associated with caries. Further comparative longitudinal studies are 

required to examine the relationship between HIV, immune status and caries. This 

knowledge would inform integration of oral health services in the pediatric HIV care in 

the developing world. 
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Introduction 

Based on 2013 estimates, about 35 million people worldwide are living with HIV with 

sub-Saharan Africa being home to about two-thirds of this affected population (UNAIDS, 

2014). Nigeria had about 3.4 million people living with HIV/AIDS in 2014 (second 

highest burden of HIV infection in the world after South Africa) with children aged 0-14 

years comprising 10% of this population (UNAIDS, 2011). Most (90%) of these HIV 

infected children acquired HIV from their mothers during pregnancy, birth or 

breastfeeding (UNAIDS 2014 Progress Report on The Global Plan, 2014). 

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 individuals present with one or more oral diseases. The most 

common oral diseases associated with early HIV infection (often termed “oral 

manifestations of HIV”) include oral candidiasis, Kaposi’s sarcoma, salivary gland 

disease, oral hairy leukoplakia, ulcerative gingivitis and periodontitis. Despite the decline 

in the prevalence of oral manifestations of HIV in the last decade, there are several 

reports of increased caries experience in HIV infected populations even in the era of 

highly active antiretroviral therapy (HAART). 

Caries is the most common infectious disease in children worldwide. Caries is 

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

children. Severe caries could interrupt balanced nutrition, development and consequently 

lead to failure to thrive. Early childhood caries (dental caries in children under 72 months 

of age) is a problem particularly in developing nations as Nigeria. Obileye et al  (Obileye 

et al., 2009) reported caries prevalence of 39.5% among Nigerian HIV infected children 
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aged 4 months to 13 years (with 98% affecting primary dentition) while a study by 

Adeniyi et al (Adeniyi et al., 2012) described a 10% prevalence in an uninfected pediatric 

population in Nigeria. 

The oral disease profile in HIV infected children is likely to be distinct. Although 

there is still no consensus, some studies have suggested that HIV infected (HI) children 

have significantly higher levels of dental caries than HIV uninfected children 

(particularly with respect to primary dentition) while other studies (Okunseri et al., 2003; 

Sahana et al., 2013) have reported low prevalence rates in HIV infected children and /or 

no association between HIV infection and caries. 

  Some authors suggest that the higher caries prevalence in HI children could be 

attributed to compromised immunity, reduced salivary flow, high sucrose levels in 

pediatric syrups and/or changes in bacterial profiles (G. Liu et al., 2012; Nittayananta et 

al., 2010; Pomarico et al., 2008). Several studies have reported that the high prevalence 

of caries in HI children is associated with advanced stage of HIV disease, high HIV viral 

loads and reduced CD4+ T-lymphocyte counts (Beena, 2011; Phelan et al., 2004; Hicks 

et al., 2000; Baqui et al., 1999). It is therefore important to further examine this 

association within comparative studies. Notably, comparative studies (with uninfected 

controls) are limited in literature worldwide while non-existent in Nigeria.  

An emerging concern is that, with improved antiretroviral (ART) scale-up for the 

prevention of mother-to-child HIV transmission (PMTCT), there is a growing population 

of HIV exposed but uninfected (HEU) children (Chi et al., 2013; UNAIDS, 2011), who 

might have an increased susceptibility to early life infections and greater immunological 

impairment compared to their unexposed counterparts (children born to HIV-uninfected 
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mothers) - HIV-unexposed/uninfected (HUU) children (Filteau, 2009; McNally et al., 

2007; Shapiro et al., 2007; Otieno et al., 2006). There is no current report evaluating the 

effect of HIV perinatal exposure (without infection) on caries prevalence in children aged 

6 to 72 months comparing HEU to HUU children.  

To our knowledge, this is the first study to compare the prevalence of caries in HI and 

HEU children with HUU children. We hypothesized that HIV infection contributes to 

changes in the oral microbiota, which could then lead to the development of early 

childhood caries. Immunodeficient states, with a progressive decrease in CD4+ T-

lymphocytes, might alter salivary flow rate and impair the secretory immune system, thus 

contributing to increased bacterial colonization in the oral cavity (Nittayananta et al., 

2010; Lu & Jacobson, 2007), including cariogenic bacteria. We also conjectured that 

perinatal HIV exposure, shown to disrupt the microbiota in the gastrointestinal tract 

[unpublished data from Jaspen et al 2015 International AIDS Society Abstract on Innate 

Factors Associated with Nursing Transmission (INFANT) Study], could also cause a 

disruption in the oral microbiota that might predispose to an increased prevalence of 

dental caries or other oral diseases. In summary, we hypothesized that HI and HEU 

children will have a higher prevalence of caries, compared to the HUU children. 

Methods 

Study Population 

The study population comprised children aged 6 to 72 months of age who sought 

care at the University of Benin teaching Hospital (UBTH) in Benin City, Edo State, 

between February and October, 2014. There were 3 groups of children enrolled in this 

study; HI children, HEU children and HUU children.   
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All children were living within 100 miles from Benin City at the time of 

enrollment. Benin is the capital of Edo State and is an urban, cultural hub with a 

population of approximately 760,000, comprising ethnic groups from across the country 

and the world. 

Children whose parents or guardians did not provide informed consent or whose 

HIV status could not be determined were excluded from the study. The study was 

approved by the institutional review boards at UBTH and the University of Maryland, 

Baltimore (UMB). 

Caregiver Interview 

Prior to oral examination, the caregivers were interviewed using standardized 

questionnaires for early infant feeding, current feeding and oral hygiene practices. 

Oral Examination  

Standardized oral clinical examination was conducted blindly (without knowledge of 

their group allocation) by 2 trained dentist-examiners according to the National Institute 

of Dental and Craniofacial Research (NIDCR) criteria (Kaste et al., 1996). According to 

these criteria, clinical examination of dental caries in all teeth present in the oral cavity 

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

white spot lesions and cavitated lesions. The presence or absence of caries was 

determined and caries severity was measured using the “dft” index for primary teeth and 

DMFT index for permanent teeth (see description under “Cavities Severity” below).  

Measures 

The following measures were assessed in this study. 
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Caries Prevalence: Children were classified as either “caries free” or “caries affected” 

based on the presence of one or more caries, cavitated or white-spot lesion(s) on any 

tooth surface in the mouth.  

Caries Severity: In addition to the caries classification above, the dft and DMFT indices 

were used. The dft is an index representing the count of decayed or filled primary teeth 

with missing teeth ignored (score ranges from 0-20) while DMFT is another index used 

to represent the number of carious permanent teeth in terms of being decayed, missing or 

filled teeth due to caries; (score ranges from 0-32). A higher score indicates higher caries 

burden and severity in that individual/child. 

HIV infection/exposure: HIV infection or exposure was determined based on review of 

maternal and child medical records as well as a HIV confirmatory test of the child-

participant at time of enrollment. 

Covariates: Each of the following child-related factors was assessed: age, CD4 

lymphocyte counts and percentages, gender, sugary intake, birth weight, current weight, 

current height, breastfeeding history, antibiotic use. Other maternal factors such as age, 

education, employment status were also assessed. 

Statistical Analysis 

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

Data were examined for completeness, cleanliness and consistency. Missing values, 

errors and outliers were assessed and rectified where appropriate. A descriptive analysis 

of demographic and selected covariates was performed by group. 

Frequencies/proportions and summary statistics were evaluated. We calculated the 

proportion of children who were caries affected or with one or more oral diseases among 
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the 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 when appropriate. For continuous variables, a t-test and/or an ANOVA F test were 

performed. Variables with a univariate P value of <0.2 were considered for inclusion in 

the multivariable logistic regression model. Covariates including age, gender, 

anthropometric measures, birth and maternal factors were evaluated and those 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 

was developed to evaluate 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. Since 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. We 

however evaluated the relationship between CD4 counts/percentages on caries without 

including HIV infection and exposure status. 

Results 

Description of 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 2). 
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Eligible Children  
N=345 

Known HIV status 
N=336 

 
Examined and 

sample collected 
 N=335 

-  9 with unknown/ 
indeterminate HIV 
status

-  1 did not undergo 
an oral examination  

HIV infected 
(HI) 

N=100 

Children 
Observed in Clinics 

N=403  
-  58 due to no 
consent from 
parent or guardian 

 
HIV Exposed 

Children 

  
HIV Unexposed 

Children 

HIV uninfected 
(HEU) 
N=105 

HIV infected 
(HI) 
N= 0 

HIV uninfected 
(HUU) 
N=130 

Figure 2. Identification of the Study Population 
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The characteristics of the children are shown in Table 2; 167 (50%) were female 

and the mean age at enrollment was 40 months (SD= 18; range, 9-72 months).   The 

mean CD4 absolute count and the mean CD4 percentage value for the entire study 

population was 1131 + 553 (mean+SD) cells/mm3and 28.7+13 (mean+SD) % 

respectively with about 70% of the participants having a CD4 percentage value >22%.  

With respect to early feeding practices, among the 335 participants enrolled in 

this study, 68 (20%) never breast fed. Among those that were breastfed, 110 (41%) 

stopped breastfeeding at an age above 12 months. All breast-fed children were fed on 

demand.  In the first 6 months of life, 116 were predominantly breast fed. In terms of 

current diet, one hundred and eleven children (35%) reported consuming sugary foods 

(such as candy, biscuits and chocolate) or drinks (juices, sugary teas and carbonated 

sodas) every day.  

Ninety percent (N=303) of the children reported having their teeth cleaned at least 

once daily. The majority of the children (85%) used a toothbrush (with or without a 

paste) to clean their teeth. Only five children (1.5%) had visited a dentist 12 months prior 

to the oral examination for this study.  

At the time of enrolment, the mean weight was 15kg (SD=5.1), 13 children 

(3.9%) presented with one or more illnesses (such as upper respiratory tract infections, 

pneumonia, malaria and diarrhea) - details not shown in the tables.  

Mothers of sixteen children had died prior to this study, 74% had not completed a 

secondary education, only 25% were engaged in skilled labor and 94% were married. 
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         Socio-Demographic, Clinical, Dietary and Maternal Characteristics by Study Group 

Differences in socio-demographic, clinical, dietary and maternal characteristics of 

the children were examined by study group as shown in Table 2. Overall, the 3 study 

groups significantly differed from each other in terms of age, anthropometric measures, 

mean CD4 lymphocyte count, mean CD4 percent values, mode of breastfeeding in first 6 

months of life, duration of breastfeeding , number of primary teeth erupted, gestational 

age at birth, mode of delivery (caesarean or vaginal), membrane rupture method 

(spontaneous or induced/artificial), maternal status (dead or alive), maternal education, 

mother’s employment and marital status (based on ANOVA comparison across all 

groups). Sex, current feeding mode (liquid/semisolid or solid), reported sugar intake, 

sleeping while feeding, frequency of cleaning, premature birth, birth weight and birth 

rank were similar across all 3 groups. 

Compared to HUU children, HI children were more likely to be older, be born at 

an older gestational age, and present 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 have a delivery that involved artificial membrane 

rupture or be breastfed. Among the HI group, six children were not receiving therapy at 

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

months (IQR: 2-34 months) and 78% of them were on the ZDV-containing first-line 

regimen (ZDV/3TC/NVP); (data not shown in the tables).  
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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. 

In general, HEU children were more like HUU children. Compared to HUU 

children, HEU children were younger, weighed less at the time of this study 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 more likely to have a post-secondary education or professional 

employment at the time of the study. 

In addition to examining HI and HEU vs. the unexposed and uninfected group 

(HUU), we also examined the difference in characteristics between HI and HEU children 

in a separate analysis (not shown). Similar to when HI children were compared to HUU 

children, HI children were different from HEU children  in terms of  age, number of 

erupted primary teeth, type of membrane rupture for delivery and maternal status (dead or 

alive). Notably, they did not differ in terms of CD4 lymphocyte counts and percentages 

gestational age and maternal socio-demographics. 

Caries Prevalence 

Twenty percent (N=67) of the entire study population presented with one or more oral 

diseases during the clinical oral examination (Table 2). Major findings include dental 

caries, enlarged submandibular lymph nodes (lymphadenopathy), hypoplastic enamel and 

inflamed gingiva/papilla. Figure 3 shows the distribution of these findings by study 
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group. Among the entire population, 9.8% of children presented with one or more carious 

lesions on oral examination. Seventeen percent of HI children were caries-affected, 

compared to 11% of HUU children (p=0.05) while 5% of HEU children were caries-

affected as compared to the 11% of HUU children (p=0.26).  Minor findings (not shown) 

include retained root, orthodontic pathologies, geographic tongue, tooth fracture, 

extrinsic stains, herpes labialis and stomatitis, angular chelietis and ulcers. 

 

Figure 3. Distribution of Oral Pathology by Study Group 

 

Most of the carious lesions were found in the primary dentition - only one child (in the 

HUU group) reported having caries in his permanent dentition. 

In general, compared to HUU children, HI children were more likely to present 

with one or more oral pathologies (OR=3.35; 1.67-6.79; p=0.0002), dental caries 

(OR=2.2; 95% CI=0.99-4.97;p=0.05), hypoplastic teeth (OR=3.35; 1.67-6.79; p=0.0002),  

and lymphadenopathies (OR=9.56; 2.07-88.61; p=0.005).   
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Table 3 shows the risk factors associated with caries in unadjusted and adjusted 

analyses. Factors significantly associated with caries include HIV infection, age, CD4 

lymphocyte counts, duration of breast feeding, method of membrane rupture during 

delivery. HIV infection, older age, immunosuppression, heavier weight, longer duration 

of breast feeding, spontaneous (vs. artificial) membrane rupture were associated with a 

higher caries prevalence. Regular sugar intake was not an independent risk factor for 

caries in this population (OR=1.13; 95%CI=0.53-2.41; p=0.75). In a multivariable model 

where CD4 counts or percentage values are excluded (as shown in the adjusted analysis 

in Table 3), there is a statistically significant association between HIV infection and 

caries (OR =2.58; 95% CI=1.04-6.40; p=0.04. HI children had greater (but non-

significant) odds of presenting with caries than HUU children (OR =2.44; 95% CI=0.98-

6.12; p=0.06) in a model where CD4 lymphocyte counts were included (not shown). 

HEU children did not significantly differ from HUU children in terms of caries. 

Fewer of the children presented with dental caries (5% vs, 11%; p=0.26) or, in general, 

fewer oral findings (14% vs, 18 %; p=0.93). After controlling for age, gender, duration of 

breastfeeding and type of membrane rupture in a logistic regression model (Table 3), 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 4 shows the association between CD4 lymphocyte counts and percentages as 

evaluated within a model that does not include study group (HIV infection or exposure 

status) in the model. Specifically, immune suppression (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 
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percentages (based on CDC case definition of <22%) were not significantly associated 

with caries in a univariate analysis (OR=1.60; 95%CI =0.75-3.43; p=0.23). However, 

after adjusting for age, sex, duration of breast feeding and method of membrane rupture, 

there was moderate association between low CD4 percentage values and caries 

prevalence (OR=1.60; 95%CI =0.75-3.43; p=0.06). 
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Severity of Caries 

Overall the mean dft score was 0.33 +1.15 (mean +SD) and among the 33 

children who had caries, the mean dft score was 3.27 (SD =1.91; range 1-8). About 82% 

of children who presented with dental caries had a dft score > 2.Compared to HUU 

children, HI children had more severe caries are 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 found mostly in the primary /deciduous dentition. In an adjusted 

multivariable linear regression controlling for age and duration of breast feeding (not 

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

(p=0.02) when compared to HUU children. HEU children did not have a significantly 

higher dft score compared to HUU children (p=0.38). 

Discussion 

In this comparative study of HI and HEU Nigerian children versus their uninfected 

and un-exposed counterparts (HUU children), we observed a higher prevalence of dental 

caries in the HI group when compared to the HUU group.  Although this is the first 

comparative study in Nigeria, it is very similar to other reports of high caries prevalence 

in HI populations (Beena, 2011; Obileye et al., 2009; Tofsky et al., 2000) and was 

observed in a recent meta-analysis (Oliveira et al., 2015). Our findings also demonstrated 

a higher prevalence of any oral pathology in HI children living in Benin, Nigeria. In 

contrast, HIV exposure alone did not appear to 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. Due to the fact that PMTCT has been successfully practiced in this 
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center with perinatal HIV transmission rates ranging from 5-10% in the last 5 years, 50% 

of the HI children enrolled for this study were beyond the age of 4. 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. HIV 

infection affects the immune status which in turn increases the risk for microbial 

colonization (particularly cariogenic bacteria) leading to a higher prevalence of caries and 

other oral diseases when compared to uninfected controls. In an analysis where CD4 

percent values were not controlled for, HIV infection was significantly associated with 

caries suggesting that the immune status plays a major role in the association between 

HIV infection and caries. CD4 is a direct indicator of immune status which directly 

affects the oral microbiome and subsequently bacteria-related disease outcomes like 

caries. 

The lack of a significant association between HIV exposure  and caries might also be 

due to the age distribution of the HEU children enrolled in this study since most (over 

70%) of them were 48 months and younger and less likely to have caries. Nevertheless, 

when compared to HUU children of similar age distribution or within a multivariable 

model, there appeared to be no significant differences in oral disease or caries 

presentation. Although several studies have shown that HEU children have an increased 

susceptibility to infection, our study suggests that HIV exposure alone does not 

significantly increase the odds of caries or other oral diseases in children aged 6-72 

months.  However, additional large-sample studies are needed to evaluate the risk of 

caries in older HEU children. 
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Although it has been previously reported that HEU children are at a higher risk for 

early life infections, morbidity and mortality compared to unexposed children, we did not 

observe any difference in caries experience in this cohort. In general, all study groups 

comprised children who were moderately stunted (short height for age). This is often 

attributed to lack of essential vitamins and nutrients during the early years and by 

frequent illnesses such as malaria, upper respiratory tract infection (URTI) or diarrhea, 

which robs growing bodies of the capacity to utilize available nutrients.  

It is a well-known fact that dental caries cannot occur without the substrate 

component of sugar, either consumed as free-form monosaccharides (e.g. glucose, 

fructose, galactose), as disaccharides (e.g. sucrose and lactose) or as products of 

carbohydrate fermentation. However, our study did not show a significant association 

between regular sugar intake (in terms of processed candy) and caries. This is likely due 

to the fact that there is no actual difference in refined sugar intake across the study 

groups, especially given the fact that most of the children’s diets consist or consisted of 

milk which is a valid substrate for cariogenesis. 

In our analysis, higher caries prevalence was associated with older age, longer 

duration of breastfeeding and spontaneous membrane rupture during delivery.  Age and 

duration of breast feeding have been identified as risk factors for early childhood caries 

as reported in earlier studies evaluating risk factors for caries (Nobile, Fortunato, Bianco, 

Pileggi, & Pavia, 2014; Mulu, Demilie, Yimer, Meshesha, & Abera, 2014; Masumo, 

Bardsen, Mashoto, & Astrom, 2012).  Due to the fact that time is an important factor in 

cariogenesis, age is a significant independent predictor of caries. In our study, caries were 

observed in only 2 children who were < 3 years. 
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Benefits of breastfeeding have been well documented as a preferred method for 

infant feeding so the notion that breastfeeding, an otherwise healthy behavior, would be 

associated with dental caries needs to be further understood. Laboratory studies have 

demonstrated the cariogenic potential of human milk (Prabhakar, Kurthukoti, & Gupta, 

2010; Bowen & Lawrence, 2005)  so it is likely that repeated, prolonged exposure to 

human milk on demand and ad libitum (after tooth eruption) could increase the risk of 

caries. Frequent, prolonged and nocturnal feeding (breast or bottle feeding) have been 

shown to facilitate acidogenic conditions that could demineralize and soften enamel, thus 

increasing the risk of cariogenesis (Nakayama & Mori, 2015; Olatosi, Inem, Sofola, 

Prakash, & Sote, 2015). Although duration of breastfeeding was independently associated 

with caries, duration of bottle feeding was not associated with caries in this study. We 

attribute this lack of association to the low proportion of children who received infant 

formula among study participants. 

We did not observe a difference in caries prevalence comparing those who had 

regular intake of sugary foods and drinks versus those who rarely consumed sugary foods 

and drinks. Guidance or help from parent or guardians while brushing, although 

associated with caries, did not appear to be independently associated with caries after age 

adjustment suggesting that older children, who tend to brush their teeth inadequately 

without help from parent or guardian, are more likely to have caries. 

  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 suggests that children born after an induced /artificial membrane rupture in this 

study population are less likely to develop caries; however, these findings must be taken 
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with caution. Most children born after an induced /artificial membrane rupture were more 

likely to be in the HEU group, younger in age and therefore less likely to present with 

caries. In 1999, elective cesarean section (cesarean section before labor or rupture of 

membranes) was recommended for HIV-positive women with detectable viral loads when 

it was shown to reduce the risk of MTCT of HIV (European Mode of Delivery 

Collaboration, 1999). As expected, in this study, children born via cesarean from HIV 

infected mothers were less likely to acquire the virus, thus were in the HEU group. HEU 

group had the lowest caries prevalence when compared to HI children or HUU children. 

We hypothesize that the reduced odds of caries in those born via an induced or 

artificial membrane rupture could be explained by the fact that after an induced/artificial 

membrane rupture, delivery occurs rapidly and the vaginal flora is less likely to have time 

to repopulate after being washed out by the gush of amniotic fluid (as compared to 

spontaneous membrane rupture). This reduces the risk of transmission of vaginal 

microbes and possibly Streptococcus mutans to the child during birth. A study of young 

Thai children (Pattanaporn et al., 2013) suggests that mode of delivery is significantly 

correlated with Streptococcus mutans colonization and caries outcomes, supporting our 

hypothesis. Based on this report, vaginally born children experienced more caries and 

acquired greater amounts of Streptococcus mutans compared to children born via 

Caesarean section suggesting that children born by vaginal delivery are at increased risk 

for caries (after adjusting for socio-demographic, dietary and other oral health factors.  

Li et al (Li, Caufield, Dasanayake, Wiener, & Vermund, 2005) reported that 

mothers who have dental caries are more likely to transmit cariogenic bacteria (S. 

mutans) to their children via C-section delivery suggesting that these children are 
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potentially at a higher risk of developing caries compared to children born vaginally. The 

study by Li et al was focused on women who had caries and did not categorize the 

mothers based on HIV infection or group the children based on HIV infection or 

exposure so our study does not necessarily contradict the hypothesis that Caesarean 

delivery might increase the risk of caries to children born of mothers who have caries. 

We surmise that since enrollment for this study was based on HIV status, it would be 

hard to replicate the finding by Li et al within this study.  In our study, however, caries 

was not observed in any child delivered via Caesarean section- probably because their 

mothers did not have caries. This however highlights the need to further explore the role 

birth and delivery factors (including mode of child delivery and type of membrane 

rupture) in the development of caries. 

A significant association between lower CD4 lymphocyte counts and caries, 

observed (with respect to <750 cell/mm3 based on CDC case definition (Centers for 

Disease Control and Prevention (CDC), 2014)) within an unadjusted analysis of this 

population, has been previously reported in other studies (Phelan et al., 2004; Baqui et 

al., 1999). Our findings indicate that even with well controlled HIV infection (94% of the 

HI children were already receiving ART at the time of this study); immune suppression 

remains significantly associated with caries. In examining HI children alone, lower CD4 

percentage values (<22%) were significantly associated with caries experience.  

Our study has some inherent limitations. Although we know that HIV infection 

precedes caries development, we cannot completely rule out the possible lack of 

temporality in evaluating the association between HIV and the development of caries 

within this cross-sectional study design. Without a prospective follow-up of these 
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children from HIV infection/exposure, we are not able to assess baseline factors and 

examine the changes in oral health over time. We collected data based on self-report 

especially when records were missing or unavailable. Retrospective data collection of 

important variables (such as diet, feeding practices, antibiotic exposure etc.) may be 

incomplete or inaccurate and this may lead to non-differential information bias.  

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.  Furthermore, improved access to ART makes it 

difficult to evaluate the prevalence of caries in HIV infected children who are not 

receiving ART or in children with progressive HIV infection.  

There are also some limitations with respect to caries assessment.  Carious lesions 

are not always clinically detectable. Radiographic assessments are often included in a 

definitive caries assessment because carious lesions (in form of 

radiolucencies/uncavitated lesions) can be found beneath clinically sound tooth surfaces 

suggesting a progressive carious lesion. Based on cost and impracticability of using 

radiographs for this study, caries assessment was based on clinical examination only. 

This has the potential of underestimating the prevalence of caries. We, however, utilized 

the expertise of 2 dentists to increase the sensitivity (probability that the true positives are 

identified). In this study, we focused on caries prevalence and were not able to provide 

information on caries activity (in terms of the stage of carious process such as incipient, 

latent or progressive).  

In summary, despite the above limitations, this is the first study in Nigeria comparing 

caries experiences in HI, HEU and HUU children within this age range. There is some 
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evidence to suggest that HIV-infected children experience more caries and non-HIV 

related oral diseases than their uninfected counterparts even when receiving ART. It is 

possible that their compromised immune status may play an important role in the 

colonization of cariogenic bacteria such as S. mutans and subsequently increase their risk 

of developing caries. We did not find differences in caries prevalence between HEU 

children and HUU children, suggesting that perinatal HIV exposure might not have a 

significant impact on the colonization of cariogenic bacteria. There is a need to further 

explore the risk of caries and the responses of the oral microbiota to changes in the 

immune system over time. The results of the study suggest that HI children on ART are 

in need of an integrated oral health management-based strategy focusing on clinical and 

preventive treatment.



 

1Modupe Coker, Samer El-Kamary, Patricia Langenberg, Paul Akhigbe, Ozo Obuekwe, 
Lauren Hittle, Cyril Enwonwu, William Blattner , Emmanuel Mongodin, Manhattan 
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IV. SALIVARY BACTERIAL DIVERSITY IN PERINATAL HIV INFECTION AND 

EXPOSURE1 

Abstract  

Background: The salivary microbiota play significant roles in human health and their 

disruption can reflect systemic diseases and oral pathologies. We used next-generation 

sequencing to compare the composition of the oral microbiota in HIV-infected, and HIV-

exposed but not infected children with HIV unexposed and uninfected children. 

 

Methods: Two hundred and eighty (286) saliva samples (94 from HIV infected (HI) 

children, 98 from HIV exposed but uninfected (HEU) children, and 94 from HIV 

unexposed and uninfected (HUU) children) were collected from children aged 6 to 72 

months receiving care at tertiary facility in Nigeria. Bacterial DNA from these samples 

were extracted, the 16S rRNA genes amplified and sequenced (Illumina MiSeq), and 

bacterial taxonomy assigned. Student T tests and linear regression models were used to 

compare mean Shannon diversity indices. Principal coordinates analysis (PCOA) plots 

using the Jensen-Shannon diversity measures were used to visualize beta diversity. 

 

Results: Overall, there were no significant differences in bacterial diversity indices 

comparing HI and HEU children to HUU children after accounting for age and CD4 

percentage values. Younger ages and immune suppression was strongly associated with 

lower microbial diversity indices in an adjusted analysis. PCoA plots did not show any 

clear separation based on the study groups.
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Conclusions: Overall, the microbial community profiles did not differ across study 

groups but there were minor but significant differences in the salivary microbial 

composition across study groups. Longitudinal studies on the salivary microbiota are 

needed to further assess factors affecting the oral microbiota.  
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Introduction 

Based on the UNAIDS 2014 report (UNAIDS Report, 2015), more than 2.7 million 

infants and children under the age of 15 are living with HIV and even more have been 

perinatally exposed. With the rapid scale up of life-saving antiretroviral therapy (ART) 

worldwide, there has been a significant reduction in HIV related deaths in infants and 

children(Gortmaker et al., 2001; Resino et al., 2006) although gaps still remain with 

respect to infant diagnosis, treatment and follow-up particularly in resource limited 

settings like Sub Saharan Africa (Aliyu et al., 2014). Nevertheless, ART scale up has led 

to a rising population of infants and children who are perinatally exposed but uninfected 

(due to improved prevention of mother to child transmission (PMTCT) services) and 

perinatally infected (due to prolonged survival) with HIV. 

Children living with HIV (and probably those perinatally exposed to HIV) are at 

risk of acquiring diseases associated with a compromised host immune system, including 

opportunistic infections. In children and in adults, HIV infection (and 

immunosuppression in general) has been associated with several opportunistic infections 

and diseases in the oral cavity including but not limited to oral candidiasis, angular 

chelities,  periodontitis (often grouped as “oral manifestations of HIV”) and dental caries 

(Beena, 2011; Tofsky et al., 2000).  Most of these infections are microbial in nature and 

could be a consequence of immune impairment induced by HIV, changes in saliva 

composition and function, the presence of advanced dental pathologies like caries and 

periodontitis. It has also been suggested that reduction of CD4 T lymphocyte cells might 

lead to the conversion of fungal Candida to pathogenic microorganisms thereby 

disrupting the oral microbiota (Cassone & Cauda, 2012; Fidel, 2011). Similarly, there are 
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reports (McNally et al., 2007; Shapiro et al., 2007) indicating that HIV exposed and 

uninfected children are prone to more infections when compared to their uninfected and 

unexposed counterparts. 

With ART, there have been significant and consistent reductions in the prevalence 

and incidence of oral manifestations of HIV like oral candidiasis commonly found in 

HIV infected children (Yengopal et al., 2011; Hodgson et al., 2006). However, there is no 

clear consensus with regards to dental caries and other periodontal diseases. Specifically, 

there are some reports (Joosab et al., 2012; Beena, 2011; Obileye et al., 2009) of higher 

prevalence of dental caries and necrotizing periodontal diseases in HIV infected children 

(particularly in primary dentition) and young adults while other studies have reported 

lower  caries prevalence and severity compared to the HIV uninfected individuals 

(Sahana et al., 2013; Teles, Perez, Souza, & Vianna, 1996). In support of the possible 

association between HIV infection and oral/dental pathologies, HIV infection has been 

shown to have significant effects on the composition of salivary microbiota (Li et al., 

2014), however, there are significant gaps in describing and explaining the effect of HIV 

infection or perinatal exposure on salivary microbial composition.  The gap further 

widens even with respect to infants and children. There is therefore a need to examine the 

relationship between the human oral and salivary microbiota in immunocompromised 

states like HIV infection or even HIV perinatal exposure.  

With the recent evolution of molecular, culture-independent techniques, we are 

more equipped to describe the human microbiota, for example using sequences of 16S 

rRNA genes and other PCR-based techniques to identify and characterize micro-

organisms within a sample.  
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Several studies have suggested shifts in diversity and changes in bacterial 

composition in the oral and gut microbiota of HIV infected adults (Li et al., 2014; Saxena 

et al., 2012; Dang et al., 2012). However, 2 recent studies, one (Mukherjee et al., 2014) 

comparing 12 HIV infected adults to 12 HIV uninfected adults and the other (Kistler et 

al., 2015) comparing 37 adults in each group, did not show significant differences in the 

overall microbial composition. These 2 studies were however conducted in adults (age 

range was 22-56 years and 34-46 years respectively). 

The aim of this current study was to use 16S rRNA sequencing technology to 

characterize salivary microbial composition and compare the salivary bacterial diversity 

indices in HIV-infected, HIV exposed-uninfected and HIV unexposed/uninfected 

children. We hypothesized that HIV infection or perinatal exposure would compromise 

the immune system and lead to a disruption in the salivary microbiota composition and 

subsequently lower bacterial diversity.  

Methods 

The study population was conducted at the University of Benin teaching Hospital 

(UBTH) in Benin City, Nigeria and approved by institutional ethical review committee at 

UBTH and the institutional review board at the University of Maryland, Baltimore 

(UMB). Only children whose parents or guardians provided informed consent were 

included in the study.  

All children were living within 100 miles from Benin City at the time of enrollment. 

Benin is the capital of Edo State and is an urban, cultural hub with a population of 

approximately 760,000, comprising ethnic groups from across the country and the world 

because of its cosmopolitan tendencies.  
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Study Groups 

Three groups of children were enrolled for this study for comparison; - HIV infected (HI) 

children, HIV exposed but uninfected (HEU) children and HIV unexposed and uninfected 

(HUU) children. HI and HEU children were recruited from the HIV/AIDS pediatric clinic 

or based on referral by mothers attending adult ART clinic at UBTH. HUU children were 

recruited from the well-baby/child pediatric clinics. CD4 lymphocyte count and percent 

values were obtained using flow cytometry for all children. HIV infection/exposure: HIV 

infection or exposure was determined based on review of maternal and child medical 

records as well as a HIV confirmatory test of the child-participant at time of enrollment. 

Caregiver Interview 

Prior to oral examination, the caregivers were interviewed using standardized 

questionnaires for feeding and oral hygiene practices. Study staff received a week-long 

training on how to ascertain responses from the parents/guardians and on how to 

complete the questionnaire. As much as was possible, medical history was obtained from 

these interviews and by chart review. 

Covariates: Each of the following child-related factors was assessed: age, gender, sugary 

intake, birth weight, current weight, current height, breastfeeding history, antibiotic use. 

Mother’s age, education, employment status  

Oral Examination and Sample Collection 

Standardized oral clinical examination was conducted blindly (without knowledge of 

their HIV infection or exposure status) by 2 trained dentist-examiners according to 

according to National Institute of Dental and Craniofacial Research (NIDCR) criteria 

(Kaste et al., 1996). According to these criteria, clinical examination of dental caries in 
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all teeth present in the oral cavity were assessed with the aid of artificial light, a dental 

mirror and a dental probe to include white spot lesions and cavitated lesions. Saliva 

samples were collected from all study groups for analysis and comparison. 

DNA Extraction and Sample Preparation for sequencing 

Total genomic DNA was extracted using a protocol developed at the University of 

Maryland School of Medicine—IGS and previously described (Sellitto et al., 2012; Ravel 

et al., 2011) . Briefly, samples were thawed on ice, then enzymatically lysed using  2 

enzymatic cocktails (first with  lysozyme, mutanolysin, and lysostaphin and then 

proteinase K  and SDS), after which the microbial cells were lysed using bead beating 

with silica beads (Lysing Matrix B, MP Biomedicals) with the FastPrep instrument 

(MBio, Santa Ana, CA). The DNA was then further extracted and purified using the 

Zymo Fecal DNA kit (Zymogen). High quality whole genomic DNA up to 25 μg/prep, 

can be efficiently extracted from ≤ 150 mg sample using this kit thus providing an 

appropriate template for the PCR amplification of the 16S rRNA gene followed by 

sequencing. 

16S rRNA Gene PCR Amplification and Sequencing 

Prior to sequencing, two universal primers, 319F (ACTCCTACGGGAGGCAGCAG) 

and 806R (GGACTACHVGGGTWTCTAAT), were used for PCR amplification of the 

V3V4 hypervariable regions of the 16S rRNA gene (Caporaso et al., 2012) in 96-well 

microtiter plates using procedures previously published (Fadrosh et al., 2014; Sellitto et 

al., 2012; Ravel et al., 2011). The 806R primer includes a unique sequence tag to barcode 

the samples, enabling up to 500 specimens (each with a different barcode) to be run as 

one batch. 16S rRNA genes were amplified in 96-well microtiter plates, using procedures 
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previously published at SOM-IGS (Sellitto et al., 2012; Ravel et al., 2011). Negative 

controls without a template were processed for each primer pair. The presence of 

amplicons was confirmed using gel electrophoresis, after which the SequalPrep 

Normalization Plate kit (Life Technologies) was used for clean-up and normalization (25 

ng of 16S PCR amplicon was pooled for each sample), before pooling and 16S rRNA 

sequencing using the Illumina MiSeq (Ilumina Inc. San Diego, CA, USA) by the 

Genomics Resource Center (GRC) at IGS according to the manufacturer’s protocol. 

Figure 4 describes the workflow for the 16S rRNA gene phylogenetic analysis. 

 

Sequence quality filtering and analysis of 16S rRNA gene sequences 

16S rRNA reads were initially screened for low quality bases and short read lengths 

(Fadrosh et al., 2014). Paired-end read pairs were then assembled using PANDAseq 

(Masella, Bartram, Truszkowski, Brown, & Neufeld, 2012) and the resulting consensus 

sequences were de-multiplexed (i.e. assigned to their original sample), trimmed of 

artificial barcodes and primers, and assessed for chimeras (artifacts , a combination of 2 

or more microbes, created during the PCR process) using UCHIME in de novo mode 

(Edgar, Haas, Clemente, Quince, & Knight, 2011) implemented in Quantitative Insights 

Into Microbial Ecology (QIIME release v. 1.9)(Caporaso et al., 2010). 

The sequences were aligned within QIIME using a specified pipeline, checked for 

chimeras and taxonomically classified based on an existing database or taxonomic 

hierarchy such as the Human Oral Microbiome Database (HOMD, version 10.1). 

Sequences without a nearly-identical match to HOMD were marked as ‘no match’. 

Species in the oral microbiota were measured using a dichotomous presence/absence 
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also assessed. We used the CDC case definitions using CD4 percentage values and counts 

for advanced disease states (as shown in Appendix III- Revised Surveillance Case 

definition for HIV infection-United states, 2014. MMWR. Recommendations and 

Reports: Morbidity and Mortality Weekly Report). 

Statistical Analysis 

Figure 4 provides a summary of the workflow for phylogenetic analysis. To characterize 

microbiota data, we estimated and visualized alpha- and beta-diversity metrics/indices 

using R statistical software v.3.2 (R Core Team, 2013) with “ggplot2” v. 1.0.1 

(Wickham, 2009) and  “phyloseq” v. 1.12  (McMurdie & Holmes, 2012; McMurdie & 

Holmes, 2013)  packages. 

Relative species abundance can be defined as Pi =
	
  where ni is the "species 

abundance" and N is the total number of species present.  Diversity was evaluated using 

the Shannon diversity index, where Pi is the relative abundance of 

species i, s = total number of species encountered and ∑ = sum from species 1 to species 

s for each sample. All analyses were implemented in R version 3.2.2 (http://cran.r-

project.org/) or SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).  . 

Alpha diversity: Classified sequence abundances were used to calculate the Observed 

OTU index, the Chao1 and the Shannon diversity indices for each sample. We however 

focused on the Shannon diversity index for this analysis. Alpha diversity is a measure of 

the sample level richness with the expectation that healthy conditions often exhibit higher 

alpha diversity indices. We focused on the Shannon index because it measures both the 
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richness and evenness of the species within a sample. To determine statistical 

significance of the difference in diversity indices between groups, F tests, Student T tests 

and linear regression analyses were performed. P values of <0.05 for these tests were 

considered significant differences. The diversity plots were generated using ggplot2 

package in R. 

Beta Diversity: Beta diversity is a measure of the similarity between samples/subjects 

in terms of microbial composition and to identify inter-sample differences. To assess beta 

diversity, sequences of the salivary microbiota 16S rRNA genes were aligned by length 

and position. To elucidate whether clusters of communities are present, we used OTU 

data to calculate distances between samples using the non-metric multidimensional 

scaling (NMDS) ordination based on Jensen-Shannon Divergence metric. Pairwise 

distances were computed for the results from HI, HEU and HUU children, and principal 

coordinate analysis was performed to cluster the communities along axes of maximal 

variance. Principal components analysis (PCoA) was used to identify assemblages of 

bacterial genera when comparing groups of saliva samples. Community clustering was 

visualized using PCoA plots within the “phyloseq” package in R. The PCoA plots show 2 

or 3 components that best explain the variance in the samples and display these 

components for visualization within a 2 or 3 dimensional plot. These plots were used to 

compare community membership and structure across groups. 

Phylogenetic analysis: We assessed the prevalence/summary statistics for the relative 

abundance of bacteria at the phylum and genus levels. Metadata containing patient 

attributes had been previously examined for completeness, cleanliness and consistency. 

For the samples that were analyzed, a descriptive analysis of demographic and selected 
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covariates was performed for the groups. Frequencies/proportions and summary statistics 

were evaluated.  

Univariate analysis was used to compare the prevalence and relative abundance of 

bacteria at the phylum, genus and species-levels between the groups using Pearson’s chi-

square test and ANOVA where appropriate. Correlations between relative abundances of 

specific bacteria and the metadata were determined using Kruskal wallis correlation 

coefficient. All statistical analyses were performed using R or SAS. 

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 when appropriate. For continuous variables, a t-test and/or ANOVA test was 

performed. Variables with a univariate P value of <0.2 were considered for the 

multivariable logistic regression model. Covariates including age, gender, birth and 

maternal factors were evaluated and those found to be associated with caries and HIV 

infection or exposure were examined for confounding and effect modification in stratified 

analyses. A multivariable linear regression model was developed to compare diversity 

indices across study groups, controlling for important risk factors. 

Linear regression analyses of phylum specific and genus specific abundance were 

performed to assess patient factors that might impact abundance. The relative abundance 

of the acidogenic species such as Streptococcus mutans and Streptococcus vestibularis 

were calculated for each sample and used to examine its relationship with study group, 

caries/oral findings and other risk factors via a linear regression model using command 

lm of R (R Core Team, 2013). 
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Results 

Study Population 

The samples used for analyses were collected from 94 HI children, 98 HEU children and 

94 HUU children recruited for cross sectional comparison. Table 5 provides a summary 

of the demographic, clinical, maternal and birth factors that differed amongst the study 

groups. 

The 3 groups differed significantly with regard to age, CD4 count and percentage 

values, oral conditions, duration of feeding and maternal education.  Compared to HEU 

and HUU children, HI children were older, more likely to have lower CD4 lymphocyte 

counts and percentages, and experienced more dental caries and oral diseases. Regarding 

birth factors, HI children were also less likely to be delivered after an induced or artificial 

membrane rupture or caesarean section, and more likely to have been breast fed (even 

though for < 9 months) compared to the other groups. Mother of HI children were also 

less likely to complete a secondary education. 

Six (6.4%) out of 94 HI children were not receiving ART at the time of enrollment, 

all of which had a CD4 percent of > 22%. 

Illumina MiSeq sequencing 

A total of 785,642 sequences from 286 saliva samples were included in the final analysis 

after pruning and removal of chimeric sequences (mean of 2,747 sequences per sample). 

The sequences were clustered in a total of 2,747 OTUs across all 286 samples after 

filtering for low abundance (<5%) OTUs. 
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Alpha Diversity 

Overall, the mean Shannon diversity index for the entire study population was 3.90 + 

0.53 (median= 3.99; IQR 3.64- 4.27).  The mean values for the Shannon index were 3.98, 

3.79 and 3.94 and the median values for the Shannon index were 4.03, 3.87 and 4.06 for 

HI, HEU and HUU groups respectively. Figure 5a shows the distribution of alpha 

diversity measures (for the species level OTU richness, Chao1 and Shannon indices) by 

study group. There was a statistically significant difference between the underlying 

distributions of all study groups (ANOVA; p = 0.03). Specifically, Shannon diversity 

indices for HEU group were statistically different from HUU group (p=0.02) and the HI 

group (p=0.01). However, this is in contrast to the lack of a statistically significant 

difference observed when comparing HI and HUU groups (p=0.60).  

With respect to age, diversity indices were statistically different for different age 

groups, with the older age groups having higher scores than the younger ones (Figure 5b). 

Children aged 36 months and younger had significantly lower diversity indices when 

compared to children over 36 months of age (p=<0.001). Similarly, females had higher 

scores than males (p=0.006) and children with CD4 percent values > 22% had 

significantly higher diversity indices compared to those with CD4 percent values < 22% 

(T test; p= 0.001) - Figure 5(c and d). Although children with one or more oral conditions 

such as caries, gingivitis, mucosal ulcerations had slightly lower Shannon diversity 

indices, there were no significant differences when compared to those with no oral 

conditions (p=0.67). When looking at the effect of caries alone, children with caries had 

higher Shannon diversity indices although this difference was also not significant 

(p=0.29). Children who were breast fed for longer than 9 months had higher Shannon 
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diversity indices than those who were never breast fed or breast fed < 9 months 

(p=0.008). 

In a stratified analyses based on age group, CD4 percent values >=22 % were not 

associated with higher diversity indices (p=0.69) in children < 36 months of age (Figure 

6a).Specifically, the median diversity index for children with CD4 percent values >=22 

% were slightly lower than that for children with CD4 percent values <22 %. Overall, 

Shannon diversity indices did not differ among the 3 study groups (ANOVA p=0.28) for 

this younger age group (Figure 6b). However, when comparing study groups in the <36 

month age-group, HI and HEU groups did not differ in diversity indices compared to 

HUU children. In this group, females still had higher scores (p=0.05) than males. For this 

younger age group, having an oral disease or dental caries was associated with lower 

diversity indices (p=0.01 and p=0.05 respectively).  Furthermore, those reported to have 

received antibiotics 30 days prior had significantly higher scores (p=0.007). Duration of 

breast feeding was not associated with diversity indices in this group (p=0.32). 

For the >= 36 months age group, CD4 percent values >= 22% remained significantly 

and positively associated with Shannon diversity indices (p=0.0007) (Figure 6c). 

Comparing study groups, diversity indices moderately differed (p=0.14). Specifically, HI 

and HEU groups had significantly lower diversity indices than the HUU group (p=0.15 

and p=0.06 respectively) - Figure 6d.  In this age group, although females had higher 

scores, there were no statistically significant differences comparing males and females 

(p=0.27). However, having an oral disease or dental caries was not associated with 

diversity in this age group. In contrast to the <36 months age group, although not 

statistically significant, those who reported to have been on antibiotics 30 days prior had 
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lower diversity indices in this age group (p=0.07) . Duration of breast feeding was 

positively associated with diversity indices in this group (p=0.008).  

We examined the group aged <36 months further by stratifying them into 2 smaller 

groups (those <24 and those 24-35 months) to account for the case definition by CDC. 

Figure 7 describes our findings.  In summary, diversity indices did not significantly differ 

based on CD4 percent values or study group within each age group. 

Further examination of the HI group alone, revealed that having CD4 percent values 

<22% (vs. >=22%) and being on ART (vs. yet initiated ART) were associated with lower 

diversity indices as shown in Figure 8. 
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Figure 8. Alpha Diversity Measures By ART Group (HIV infected children only) 

 

 

Study groups did not differ in diversity when we stratified the population based on CD4 

percent. Figure 9 shows that although study groups did not differ within each CD4 

percent group, diversity indices were consistently higher in the group with CD4 percent 

values > 22%. 

In a multivariable regression model including the entire study population (Table 

6), diversity indices were not associated with study groups but age and CD4 percent 

values remained independent factors influencing diversity indices in this population. 

There is some evidence to show that CD4 percent values  < 14% were significantly 

associated with lower diversity indices regardless of age group and ART status (mean 

difference -0.22 ;95%CI=-0.46,0.006; p=0.06) as shown in Table 7. 
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Composition of the Salivary Microbiota  

Prevalence and Abundance at Phylum level 

The most prevalent and dominant phyla detected within saliva samples were Firmicutes, 

Actinobacteria, Bacteroidetes, Proteobacteria, Fusobacteria and TM7 (being prevalent as 

follows  99.65%, 100%, 98.6%, 99.65%, 96.85% , 100% and 94.8%  respectively).  

In terms of relative abundance, the most abundant phyla was Firmicutes with a mean 

relative abundance of 62.8% (+ 0.13) followed by Bacteroidetes and Actinobacteria at 

about 9% each.  

Overall, there were some differences in bacterial abundance at the phylum level 

between study groups (Figure 12). Samples from HI children were significantly enriched 

with GN07 (p=0.005) and slightly depleted with Proteobacteria (p=0.01) when compared 

to HUU children. Samples from HEU children had lower levels of Bacteroidetes when 

compared to HI and HUU children (Kruskal-Wallis; p=0.009).  The abundance of 

Fusobacteria in the saliva of HEU children was moderately lower when compared to 

HUU children (Kruskal-Wallis; p=0.09).   

The study groups did not differ in abundance of phylum Firmicutes. The relative 

abundance of phylum Firmicutes significantly decreased with increasing age and weight. 

Its abundance also significantly decreased with the reported duration of breastfeeding 

(attributable to age). On the other hand, the abundance of Bacteroidetes was significantly 

higher in older children and in children who weighed more; as well as in those who 

reported taking antibiotics in the last 30 days (p=0.03). In addition, there is moderate 

evidence of a higher abundance of phylum Bacteroidetes in those with an oral 

disease/disorder, high CD4 percent values (p=0.12) and in those receiving ART vs. not 



 

 
102 

on ART (for HI children only). HI children had lower amounts of bacteria in the phylum 

Proteobacteria compared to HUU (p =0.01) and HEU (p =0.11). 

Actinobacteria did not differ across the study groups but was found to be reduced in 

children with one or more oral conditions (p=0.006). Equally, there was moderate 

evidence of higher abundance of Actinobacteria in children with CD4 percent values 

>22% compared with those with CD4 percent values < 22% (p=0.09) as seen in Figure 

13. Children who were breast fed for more than 9 months had higher amounts of 

Actinobacteria compared to those who breastfed for <9 months (p=0.04). This is also 

linked to the significant reduction in HEU vs HUU children (HEU children were less 

likely to be breast fed for > 9months). 

 

 

Figure 12. Bar Chart comparing the Mean Relative Abundance of 
Salivary Bacteria at the Phylum level across study groups 
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TM7 significantly decreased with age and weight and there was some evidence of 

depletion in HI children compared to HEU children. There was significant reduction in 

the relative abundance of bacteria in Phylum GN02 with increasing in age with some 

evidence of reduction in children with high CD4 percent values and in HI children 

(compared to HUU children). 

Caries did not appear to correlate with phylum abundance as seen in Figure 14. 

Having one or more carious lesions was not significantly associated with varying 

abundances in of any Phyla. 

Prevalence and Abundance at Genus level 

127 genera were identified from the samples. Genera with prevalence above 95% 

(present in <95% of samples) include Streptococcus, Rothia, Granulicatella, 

Actinomyces, Veillonella, Leptotrichia, Haemophilus, Neisseria and genera within the 

candidate (uncultivated and unnamed) phylum TM7. Other relatively rare genera (present 

in 5-20% of samples) include Acinetobacter, Bacteroidales, Lactobaccilus, Megaspherea, 

Moraxella, Pseudomonas, Scardovia, Tannerrella and Treponema. The prevalence of 

Acinetobacter, Bacteroidales, Tannerrella, Treponema and Megaspherea present in 

samples from HI groups were significantly different from samples in the HUU group 

(Figure 15 and Table 8). 

Within the Firmicutes phylum, Streptococcus was the most abundant genus with a 

mean relative abundance of 49.6% (+ 0.09) followed by Gemella (3.6%), and Veilonella 

(2.13%). Rothia was the major genus within Phylum Actinobacteria (mean relative 

abundance of 7.4%) while for the phylum Bacteroidetes, Prevotella comprised of an 

average of 4.6% of bacterial composition. Neisseria (of the Phylum Proteobacteria) and 
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Leptotrichia (of the Phylum Fusobacteria) had a mean relative abundance of 3.6% and 

3.2% respectively. 

One or more of the above genera represented the majority of genera in these samples, 

with other organisms comprising ≤20% of the classified sequences.  

We found that Gardnerella, Anaeroglobus, Olsenella and Pseudoramibacter were 

present in HI children only; Dialister and Chlamydophila and Lysinibacillus were found 

only in HEU children and Caulobacter and Lactococcus were present in HUU children 

only.  

Figure 16 shows the mean relative abundances of genera by study group. Overall, 

results suggest that the microbiota of HI and HEU children were similar to that of 

uninfected children although with minimal differences. 

Compared to HUU, HI and HEU children had lower mean relative abundances of 

Fusobacterium, Leptotrichia, Prevotella, Cryptobacterium and Veillonella. In contrast, 

there were higher proportions of Aggregatibacter, Capnocytophaga, GN _02, 

Haemophilus, Lautropia, and Streptococcus. HEU children had lower mean relative 

abundances of Fusobacterium, Leptotrichia, Prevotella and Veillonella. In contrast, there 

were higher proportions of Aggregatibacter, Capnocytophaga, GN _02, Haemophilus, 

Lautropia, and Streptococcus in HEU children.  

Immunosuppression (CD4 <22%) correlates with a lower abundance of Prevotella 

(2.6% vs 5.2%; p=0.02), and Tannerella (0.03% vs. 0.08 %; p=0.11) and a higher 

abundance of Streptococcus (52% vs. 49%; p=0.15), Abiotrophia (1.2% vs 0.7%; p=0.04) 

and Lactobacillus (0.06% vs 0.002%; p=0.01 (Figure 17). 
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Table 8. Prevalence of Taxa by Study Group 

 Prevalence (%) N=286  
Category Total HI HEU HUU panova 
Phylum      

Firmicutes 62.76 63.09 63.01 62.19 0.88 
Bacteroidetes 9.00 10.24 6.31 10.53 0.04 
Actinobacteria 8.62 8.47 9.06 8.30 0.50 
Proteobacteria 8.32 7.43 9.76 7.71 0.22 
TM7 5.56 4.93 4.21 5.03 0.20 
Fusobacteria 5.03 4.98 6.69 5.95 0.10 

Genus      
Streptococcus 49.61 50.51 50.54 47.73 0.33 
Rothia 7.36 7.36 7.55 7.15 0.85 
Gemella 3.62 3.95 3.17 3.76 0.23 
Porphyromonas 3.00 3.28 2.33 3.43 0.32 
Granuliculicatella 2.97 2.64 3.41 2.83 0.05 
Haemophilus 2.82 2.45 3.09 2.91 0.46 
Leptotrichia 3.54 3.52 2.84 4.29 0.06 
Fusobacterium 1.60 1.55 1.48 1.77 0.83 
Oribacterium 1.21 1.28 0.96 1.41 0.42 
Capnocytophaga 1.08 1.46 0.91 0.88 0.05 
Viellonella 2.13 1.98 1.76 2.66 0.06 
TM7 4.65 4.12 5.33 4.50 0.47 
Prevotella 4.64 5.26 2.83 5.90 0.02 
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Abundance of Cariogenic Bacteria  

Streptococcus vestibularis was the most common species of the Genus Streptococcus 

(median 12.7%; range= 0-92.9%) while Streptococcus parasanguinus (median 0.6%; 

range= 0-18%), Streptococcus mutans (median 0.1%; range= 0-37%), Streptococcus 

intermedius (median 0.2%; range= 0-10%), Streptococcus sanguinus (median 0.1%; 

range= 0-0.6%), were less common. S. salivarius was not identified in any of the samples 

based on the sequencing. Although there were no significant differences observed when 

comparing Streptococcus species across study groups, S. downei was depleted in HI 

children but varied widely in HEU and HUU children as shown in Figure 20. Notably, 

the abundance of Streptococcus vestibularis was higher in HI and HUU compared to 

HEU children while Streptococcus mutans was equally abundant in all study groups. 

Figure 21 shows the abundance of Streptococcus species by CD4 percentage 

groups.  Immunocompromised children (those with CD4 percent values <22%) had 

higher amounts of Streptococcus mutans (2.5% vs. 1.1% p =0.28) and Streptococcus 

downei (13% vs. 0.2%, p=0.17). Levels of Streptococcus vestibularis were found to be 

similar comparing CD4 groups (19% vs. 20%; p=0.80). 

Saliva samples from caries-affected children had higher amounts of Streptococcus 

mutans (2.9% vs. 0.99% p =0.15) and Streptococcus downei (13% vs. 0.2%, p=0.17) 

when compared to children without caries- Figure 22. As found when comparing species 

across CD4 percentage groups, the abundance of Streptococcus vestibularis was similar 

comparing children with or without caries (22% vs.19%; p=0.52). 
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Figure 20. Mean Relative Abundance of Streptococcus 
Species by Study Group 

Figure 21. Relative Abundance of Streptococcus 
Species by CD4 percent Group



 

 
113 

Discussion 

To our knowledge, this is the first study that attempts to characterize and compare the 

diversity of salivary microbiota in HI, HEU and HUU Nigerian children (aged 6 to 72 

months) utilizing next-generation sequencing. Study findings reveal that 

immunosuppression (not specifically HIV infection or perinatal HIV exposure) plays an 

important role in the level of bacterial diversity in the saliva of Nigerian children aged 6 

to 72 months. This is particularly important to report given that most HI children in this 

study population were receiving ART indicating that HIV infection was adequately 

controlled in this population. Although some studies (Li et al., 2014; Dang et al., 2012; 

G. Liu et al., 2012) have found significant differences in the bacterial communities 

comparing lingual and salivary samples in HIV infected adults and uninfected adults, 

most studies of pediatric oral microbiota (Goldberg et al., 2015; Kistler et al., 2015; 

Mukherjee et al., 2014) have found no significant differences between HI and HUU 

Figure 22. Relative Abundance of Streptococcus 
Species by Caries Status 
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children. Our study was the first one to collect blood samples from all participants 

regardless of their HIV status to assess the possible effect of CD4 lymphocyte percentage 

on bacterial diversity in these children. 

Our study confirms that, although diversity indices might not significantly differ 

when comparing HI, HEU and HUU children in a multivariable analysis, diversity differs 

across age groups (with low diversity indices in samples of young children) and CD4 

percent groups (with low diversity indices in samples of children with low CD4 percent 

values). These differences confirm previous reports indicating that oral microbiota 

changes with age (Lif Holgerson, Ohman, Ronnlund, & Johansson, 2015) and that 

bacteria correlates with immune status (von Rosenvinge et al., 2013). Our data also 

suggests that the effect of immunosuppression (CD4 percent values) on bacterial 

diversity in this population may differ across age groups evidenced by the differing effect 

of CD4 percent on diversity indices depending on the age group you examine. Although 

much of the observed differences in prevalence and abundance at the phylum, genus and 

species levels might be due to age (noted in HEU children who had significantly lower 

relative abundance for Bacteroidetes compared to HI and HUU children), we observed a 

trend in abundance with regards immunosuppression and HIV/perinatal HIV status.  

Several species, genera and phyla that were moderately or strongly associated with study 

group were also associated with CD4 percent values. Our findings were however limited 

due to incomplete and poorly detailed history of antibiotic use in these participants. 

We did not find significant differences in the overall bacterial diversity or 

composition comparing children with caries and children without caries especially with 

regards cariogenic Streptococcus including S. mutans. Although this lack of association 
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has been observed elsewhere (Soncini et al., 2010) , there could be several possible 

explanations for this. First, it is possible that the onset of ECC, and not necessarily the 

presence of an established carious lesion, is accompanied by a decrease in microbial 

diversity (Tao et al., 2013). The lack of temporality in this study might explain our 

findings. Secondly, saliva (compared to supragingival plaque samples) has been shown to 

be limited in providing high microbial detection levels for cariogenic bacteria. This could 

explain why, although higher abundances of S. vestibularis and S. mutans were observed 

in HI children and in children with caries, these differences were not statistically 

significant. Also, several authors have found that there are other species that are 

associated with caries (Kianoush, Nguyen, Browne, Simonian, & Hunter, 2014; Gross et 

al., 2012). Thirdly, compared to adults, children have lower levels of bacteria in general 

and the wide variation identified in the saliva might obliterate any true differences. 

Additionally, species belonging to the Streptococcus genus cannot be unequivocally 

distinguished using 16S rRNA gene sequencing data. Lastly, acidity or low pH (that 

directly leads to cariogenesis) could be as a result of acidogenic (cariogenic) bacteria 

alone or its interaction with other external influencing factors such as food and beverages. 

Acquiring cariogenic bacteria is necessary but not a sufficient risk factor for caries. 

This study has several limitations. Although we attempted to enroll children who 

were similar in age, the HEU children were significantly younger than the HI or the HUU 

group. It was challenging to identify and enroll older HEU patients (similar in age to HI 

and HUU children) for comparison in this study. Once a child has been diagnosed as 

uninfected, parents or guardians are less likely to bring them to the center for well-baby 

visits. This resulted in most of the HEU children attending UBTH being younger and in 
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need of specialized care due to their history of perinatal infection or immediate follow up 

after early infant diagnosis. This younger HEU group explains the lower diversity indices 

observed in a univariate analysis that was later obliterated in an age-stratified analysis. It 

is possible that even after adjusting for age in a multivariable analysis, residual 

confounding by age might further explain differences in abundance at all taxonomic 

levels. Another limitation worth mentioning is the use of diversity metrics. Although 

Shannon indices are fairly sensitive to changes in both species richness and evenness, 

there are instances where indices might not differ for samples/sites that are clearly 

different.   

Furthermore, using a cross sectional design, we were not able to observe and measure 

clinical and environmental changes or account for intra-person variability over time. 

Further studies accounting for these changes over time are required, given the wide 

variability in oral microbiota. In future studies, it would be helpful to examine the 

functional capacity of the microbes identified. There has been some focus on using 

computational tools to predict functional bacteria, identifying the species that are more 

likely to effect changes in terms of maintaining a homeostatic balance, causing or 

preventing disease (Langille et al., 2013).  

In conclusion, oral microbes maintain a delicate balance during health but this 

balance might be compromised with immunosuppression leading to conditions (like 

dental caries) that could manifest in the oral cavity.  There is evidence of dysbiosis of the 

oral microbiota in immunocompromised children. However, the higher caries prevalence 

is not completely attributable to this dysbiosis. There are other significant factors that 

play a role in the development of caries therefore additional longitudinal studies are 
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needed to evaluate temporal microbial, behavioral and environmental changes that could 

increase the risk of caries. 
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V. DISCUSSION OF DISSERTATION FINDINGS 

This study revealed that HIV infected Nigerian children (aged 6 to 72 months) have a 

higher caries prevalence compared to HUU controls. After adjusting for age and 

confounding variables, we observed higher (but not significant) odds of having caries in 

HEU children compared to HUU children.  

Furthermore, salivary diversity indices of HI children were similar to those of 

uninfected children. Similarly, salivary diversity indices for HEU children, although 

slightly lower, did not differ significantly from HUU children. 

Our study further demonstrated that children with low CD4 lymphocyte counts 

(<750 cells/mm3) and percentages (<22% or <14%), regardless of their HIV status, were 

more likely to present with dental caries and lower diversity indices. The findings of this 

study suggest that immune status can have a significant effect on salivary bacterial 

diversity, colonization and composition possibly increasing the risk for dental caries. In 

this population of children with well-controlled HIV infection (and for those perinatally 

exposed to HIV, receiving routine special care), the relationship between immune status 

and salivary microbiota could explain the lack of association between HIV 

infection/exposure status and bacterial diversity. 

 

A. Prevalence of Dental Caries in HI, HEU and HUU groups 

One of the main objectives of this research was to compare the prevalence of caries 

across study groups.  This was the first study in Sub-Saharan Africa to examine caries 

prevalence in HEU children and compare them to HUU children. Although involving a 

broad age group, several authors (Masiga & M'Imunya, 2013; Joosab et al., 2012; Beena, 
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2011; Obileye et al., 2009; Eldridge & Gallagher, 2000) have reported caries prevalence 

ranging from 39.5% to 71% among HI children. We report a much lower prevalence 

(17%) in HI children aged 6 -72 months.  

A recent meta-analysis, conducted to assess if HIV infection was associated with 

caries in children (aged 0-18 years), provided evidence that HIV-infected 

children/adolescents have an increased caries experience in primary dentition (Oliveira et 

al., 2015). We posit that this increased prevalence is driven by immune suppression 

(evidenced by low CD4 counts or percentages). The immune system helps maintain the 

symbiotic relationship between the host and the highly diverse/evolving microbes, so 

with a compromised immune status, dysbiosis might occur. This dysbiosis might be 

characterized by an increased colonization of certain cariogenic bacteria. Several 

investigators have also suggested an increased caries risk due to prolonged ART use and 

its resultant effect on salivary flow (Joosab et al., 2012; Obileye et al., 2009; Phelan et al., 

2004; Tofsky et al., 2000). Other factors that might explain a higher prevalence in HI 

children include socio-economic status, oral hygiene, diet and sleep feeding practices. 

We observed increased, but non-significant, odds in HEU children compared to 

HUU children. Similarly, we hypothesized that HEU children (reported to have an 

impaired immune system due to perinatal exposure to HIV (A. Slogrove et al., 2012; 

Landes et al., 2012; L. Liu et al., 2012; Filteau et al., 2011; Koyanagi et al., 2011; 

Marinda et al., 2007)) are more likely to acquire cariogenic bacteria. Our non-significant 

finding might be due to our inability to detect a small difference with the sample size. 

Additional studies are needed to explore this relationship within a larger population of 

HEU and HUU children. 
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B. Factors associated with Dental Caries  

In addition to HIV infection, a child’s age, duration of breastfeeding and type of 

membrane rupture were significantly associated with caries in this present study. Age 

(Schroth et al., 2013) and duration of breastfeeding (Kato et al., 2015; Chaffee, Feldens, 

& Vitolo, 2014) have been previously reported as factors associated with caries. 

It is not surprising that older children have a higher prevalence of caries. The 

older a child is, the more time the teeth are exposed to cariogenic agents and the more 

teeth they have, both increasing the risk of developing caries.  

With respect to duration of breastfeeding; there are so many benefits 

of breastfeeding, and although some groups (Kato et al., 2015; Chaffee et al., 2014) have 

also reported an increased risk of caries with longer duration of breastfeeding, there is 

need to further evaluate the specific behavior related to prolonged duration that is 

deleterious to dental health particularly as it relates to the cultural setting in Nigeria. It is 

also important to characterize the specific type of breastfeeding that increases the risk of 

caries. Reports suggest that prolonged, nocturnal, on-demand and ad libitum 

breastfeeding could facilitate acidogenic conditions that could demineralize tooth enamel 

and increase caries risk (Nakayama & Mori, 2015; Olatosi et al., 2015). 

Other causal factors such as sugary diet and the presence of Streptococcus mutans 

have been established (Hunter, 1988). Further prospective studies are necessary to 

determine the cariogenic nature of breastfeeding accounting for intermittent, nocturnal 

and on-demand feeding as well as accounting for the other well-established cariogenic 

risk factors such as time/age, diet rich in refined sugar, presence of cariogenic bacteria 

(e.g. Streptococcus mutans), xerostomia and a low salivary pH. 
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Our findings of reduced odds of caries in children who reported an 

artificial/induced membrane rupture during delivery has not been previously reported. 

Our data suggest that children born via spontaneous membrane rupture have higher odds 

of developing caries than those born via an artificial/induced membrane rupture. This 

could be due to the fact that spontaneous rupture can occur early and precede an extended 

process of labor that allows the vaginal flora to repopulate after being washed out by the 

gush of amniotic fluid. However, artificial/induced membrane rupture is usually done to 

accelerate the process of labor and results in a quicker delivery. This causes the amniotic 

fluid to wash out the vaginal flora just prior to delivery possibly reducing exposure to 

vaginal microbes and possibly Streptococcus mutans during birth. Li et al presented 

results suggesting that children born by Caesarean section might acquire S. mutans earlier 

than children born vaginally (Li et al., 2005). Furthermore, a study of young Thai 

children (Pattanaporn et al., 2013) suggests that mode of delivery is significantly 

correlated with Streptococcus mutans colonization and caries outcomes (with vaginally 

born children experiencing increased caries prevalence and higher levels of Streptococcus 

mutans compared to children born via Caesarean section suggesting that children born by 

vaginal delivery are at increased risk for caries after adjusting for socio-demographic, 

dietary and other oral health factors).  Future studies are needed to further understand the 

possible biological mechanisms linking mode of child delivery, type of membrane 

rupture or any birth-related factor to the development of caries. 
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C. Factors related to Microbial Diversity and Bacterial Composition of Salivary 

Microbiota in Children 

When salivary microbiota were examined across the study groups as one of our main 

research objectives, we did not observe any difference in bacterial diversity indices 

between HI and HUU children. This observation was similar to that seen in a report by 

Goldberg et al (Goldberg et al., 2015) , as they did not find a difference in oral bacterial 

profiles comparing well controlled HIV infected children to HIV uninfected children. Our 

study population also comprised HI children receiving care and treatment at a tertiary 

institution, with about 94% on ART. We surmise that despite the significant biological 

changes that occur with age and during teeth eruption, the oral microbiota in children 

might be relatively stable in the absence of disease.  

There was weak evidence to suggest a difference in diversity indices comparing 

HEU to HUU children. This supports the growing evidence of possible immune 

abnormalities as a consequence of HIV or ART exposure (in utero and early life). It is 

also likely that other frequent infections such as malaria and measles, together with poor 

dietary habits and low SES might affect immune recovery in HEU children.  

Our results suggest that immune status (CD4 lymphocyte counts and percentages) 

is a stronger determinant of salivary bacterial profiles than HIV infection or HIV 

perinatal exposure. In contrast to previous studies that characterized the oral microbiota 

based on CD4 counts for only HIV infected individuals, our study determined CD4 

percentages and counts for all study participants regardless of HIV status or study group. 

Children could experience immune suppression for reasons other than HIV infection or 

exposure. Malaria, being endemic in this setting, could lead to parasite-induced pro-
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inflammatory responses and in young children (particularly < 3 years of age) who have 

immature immune systems; these responses could trigger a cascade of altered immune 

responses that could affect salivary bacterial composition (Bhardwaj et al., 2015) . 

 Li et al (Li et al., 2014)  have previously reported that cultivable microbial levels 

are correlated with CD4 lymphocyte counts. Immune dysfunction or suppression results 

in the inability of monocytes and macrophages to kill pathogens effectively. When these 

pathogens persist they could become invasive and establish infections. The presence and 

abundance of certain pathogenic microbes may be a manifestation of a depressed immune 

status. 

The effect of age on bacterial diversity and composition of oral microbiota has 

been previously reported (Lif Holgerson et al., 2015; Crielaard et al., 2011; Kang, Kim, 

& Ahn, 2006). Crielaard et al (Crielaard et al., 2011) reported that bacterial composition 

and abundance changes with age. Kang et al reported that age plays an important role in 

the composition of salivary bacteria with a middle-age adult having a lower diversity than 

a 5 year old child and a 65 year old healthy adult. Holgerson et al conducted a 

longitudinal study of the same children, at 3 months and 3 years of age, and, found that 

the overall richness and diversity increases significantly during the first years of life. The 

authors found that salivary microbiota in children over 3 years of age had a greater OTU 

count than infants, and a richer bacterial community prior to tooth eruption. We, in this 

current study, also observed that diversity stabilizes after 36 months of age signifying that 

changes might occur when primary tooth eruption is complete, most of a child’s diet is 

comprised of solid food or after maturation of a child’s immune system. Similarly, we 
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confirm these finding in this current study, observing higher diversity indices with 

increasing age particularly between aged 0 to 36 months as shown in Figure 5b.  

The mean relative abundance of Streptococcus mutans did not differ when 

comparing HI and HEU groups to HUU children. This might be due to the study design 

(cross-sectional assessment of the bacterial composition of saliva) or due to fact that this 

study comprised a population of well controlled HI children. Additionally, several 

authors have found that there are other bacterial species could be associated with caries 

(Kianoush, Nguyen, Browne, Simonian, & Hunter, 2014; Gross et al., 2012). 

Furthermore, we observed a higher but non-significant difference in the relative 

abundance of Streptococcus mutans comparing children with CD4 percentage values 

<22% with those having CD4 percentage values >22%. 

Although we did not find a significant difference in diversity indices due to caries, 

we report a significant correlation between caries and certain genera with observed 

differences in abundance for several microbial groups between the caries-affected and 

caries-free children, consistent with the ecological plaque hypothesis. A recent study (Ma 

et al., 2015)  reported differences in the oral microbiota comparing caries affected to 

caries-free children. They observed that Streptococcus, Porphyromonas and Actinomyces 

were strongly associated with caries suggesting that they could be potential biomarkers of 

dental caries in the primary dentition. Ge et al (Ge, Caufield, Fisch, & Li, 2008) found 

that Streptococcus sanguinis (in addition to Streptococcus mutans) is significantly 

associated with caries. 
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D. Study Limitations 

This study has several limitations: 

1. The cross sectional design of this study has inherent limitations and our results 

should be interpreted within these limitations. With this design, we are not able to 

assess the temporal relationship between HIV infection/exposure and dental 

caries or bacterial diversity. Although caries or specific bacterial communities 

have not been shown to increase the risk of HIV infection, we cannot completely 

rule out their possible effect on HIV transmission/disease progression. Without a 

prospective follow-up of these children from HIV infection/exposure, we were 

not able to assess baseline factors and examine the changes in diet, oral health 

and oral microbiota over time. Retrospective data collection of important 

variables (such as diet, feeding practices, antibiotic exposure etc.) may be 

incomplete or inaccurate leading to non-differential information bias. 

Furthermore, we do not know if the children infected with HIV or exposed to 

HIV are more likely to acquire certain bacteria because of factors that we could 

not collect prospectively. In the future, we would benefit from a prospective 

cohort study design to determine how the composition of the oral microbiota 

changes over time and how the development of caries is associated with these 

changes 

2. Based on our convenience sampling method, there is the possibility that selection 

bias may be introduced. Some children may be more likely than others to attend 

clinic and these clinic attenders may be significantly different from non-

attenders. However, we can argue that the factors that differentiate clinic 
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attenders from non-attenders are not likely related to caries or the composition of 

the oral microbiota.  

3. The use of hospital based “HIV unexposed group” (i.e. as a source of HUU 

children) may be another potential source of bias. It is very possible that HUU 

children who attend the pediatric outpatient clinic are more likely to be 

immunosuppressed, anemic, infected with malaria or with one kind of childhood 

illness or the other. However, there is currently no clear evidence that such 

diseases/conditions are associated with caries or significant changes in the oral 

microbiota. 

4. Our population had a sample size that was to be able to detect, at minimum a 

15% difference in prevalence between HI and HUU children. We actually 

observed a 6% higher caries prevalence comparing HI to HUU.  Similarly, we 

were not able to detect such a difference comparing HEU and HUU so our 

assumption of an increase as large as 15% in HEU children was not met and our 

study might not have had enough power to compare HEU children to HUU 

children. 

5. Improved access to ART makes it difficult to evaluate the oral microbiota or 

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

progressive HIV infection. However, we did find 6 HI infected children who had 

not initiated therapy at the time of enrollment and we were able to evaluate the 

influence of a suppressed immune system (low CD4 lymphocyte counts) on the 

composition of the oral microbiota. 
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6. Incomplete ascertainment of antibiotic use: We did not observe any significant 

differences in bacterial composition and diversity comparing children who were 

on antibiotics with those were not. This might be due to the incomplete 

ascertainment of antibiotics in this study. We expected that, per Nigerian national 

treatment guidelines, HI children would routinely take cotrimoxazole as 

prophylaxis against Pneumocystis jiroveci pneumonia and other opportunistic 

infections. Our data did not reflect this, with only about 40% of HI children 

reporting antibiotic use in the last 3 months. Although we reviewed pharmacy 

records and collected information about antibiotic use via an interviewer-

administered survey, it is possible that information on antibiotic use was 

inadequate for all study groups.  It is very important to account for the use of 

antibiotics when characterizing microbiota because  antibiotic use, particularly 

prevalent in sub-Saharan Africa (where over-the-counter antibiotic treatment is 

readily available), could have an effect on commensal bacteria such as the 

cariogenic Streptococcus mutans (William, Rwenyonyi, Swedberg, & Kironde, 

2012; Hamel et al., 2008; Blossom et al., 2006). Incomplete information about 

maternal antibiotic use is also a limitation as it can influence the immune system 

of breastfed children and invariably affect bacterial composition of saliva. To 

overcome this limitation, a prospective design with biomarker assessment would 

be helpful to accurately ascertain antibiotic exposure in children and mothers. 

7. We conducted and implemented a study in a developing country and within a 

limited age range (6 to 72 months) thus our findings might not be generalizable 

to other geographic areas or other age ranges. However, sub-Saharan Africa 



 

128 
 

represents the largest population of HIV infected children in the world so we 

surmise that our study findings can be translated to many other regions that are 

burdened with this unique population.  

8. With our population of children aged 6 to 72 months, there was a high degree of 

heterogeneity. We observed significant changes in composition of oral 

microbiota with age (in terms of diversity and abundance at all taxonomic levels). 

To address this, we conducted age-stratified analyses or adjusted for age within a 

multivariable model. 

9. Caries Assessment: Carious lesions are not always clinically detectable. 

Radiographic assessments are often included in a definitive caries assessment 

because carious lesions (in form of radiolucencies) can be found beneath 

clinically sound tooth surfaces suggesting a progressive carious lesion. Based on 

cost and impracticability of using radiographs in this study setting, caries 

assessment was based on clinical examination only. This limitation in assessment 

might have underestimated the prevalence of caries.  

10. In this study, we may not be able to provide information on caries activity (in 

terms of the stage of carious process such as initiation, progression or an arrested 

state). In this study, caries prevalence (based on presence or absence of caries) 

and dft indices are the measures we used to describe the individual caries 

experience.  

 

E. Study Strengths 

Despite the above limitations, this study has several strengths. 
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1. To our knowledge, the relationship of HIV infection and perinatal HIV 

exposure on caries/oral microbiota has not been evaluated in sub-Saharan 

Africa. This would be the first study specifically aimed at studying this 

relationship within a reasonably large study population.  

2. The cross-sectional nature of this study has made this project feasible 

given that we already had a population of children seen at the clinics. This 

study generated hypotheses to strengthen future longitudinal studies. 

3. In addition, prior research has recognized that traditional microbiological 

techniques underestimate the presence of organisms due to unsuccessful 

culture or viable but nonculturable organisms so the use of improved 

metagenomic (culture-independent) techniques was essential in identifying 

previously unknown and poorly characterized species.  

4. Other variables that may impact our associations of interest were 

scrutinized and controlled for by multivariable analysis. Age, dietary 

habits and oral health status have been previously identified as factors that 

may have a significant impact on the composition of the oral microbiota as 

well as the susceptibility of a child to developing caries. These variables 

were systematically collected and reported in our database to allow for 

reliable adjustment and stratification of the data where necessary.  

 

F. Implications 

According to the results of the present study, immune suppression (and subsequently HIV 

infection) plays an important role in the development of dental caries. There is a need to 
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integrate oral health into the care and treatment of all children particularly those at risk of 

immunosuppression. However, more research is recommended to evaluate the cariogenic 

potential of breastfeeding, ART and birth related factors.  

The study also sought to determine specific differences in bacterial profiles 

between HI, HEU and HUU children. Elucidating the types of bacteria in the oral cavity 

that are promoted in immunosuppressed children could help monitor and prevent disease 

sequelae. Furthermore, understanding how the oral cavity responds to HIV infection may 

provide novel approaches to preventing HIV transmission at sites similar to the oral 

mucosa. There is a need to further evaluate the interaction between oral bacteria and 

altered immune responses. Such information would be useful in monitoring HIV 

infection and assessing disease progression. 

 

G. Future Directions 

Conducting a well-designed longitudinal and prospective study is the next step to further 

assess whether salivary microbial diversity differs across these study groups. Conducting 

such studies with substantial rigor (in terms of technical and design methods) is necessary 

to determine the processes by which behavioral, bacterial and environmental exposures 

contribute to disease. Specifically, enrollment of comparable groups, although difficult, is 

required for the counterfactual.  Also, additional sample types should be collected 

(beyond saliva- plaque, buccal swab, tongue scrapings etc.) within these prospective 

studies, to enable us to characterize the natural variation in microbiota composition and 

function over time, to identify important confounders and effect modifiers, and to 

generate and test hypotheses about the role of microbiota in health and disease. We are 
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confident that such studies will highlight the benefits of using microbiota data in future 

epidemiologic research.  

We had the privilege of collecting saliva samples from mothers (where available) 

in this study. Although not part of the initial proposal, it would be interesting to evaluate 

how mothers’ salivary microbiota influences the composition of saliva in children. 

Further research is required to characterize the development of oral microbiota early 

in life and to identify environmental factors that impact oral colonization, and increase 

oral and gastrointestinal disease risk. Additionally, understanding the complex 

relationship between host immunity and oral bacteria in a bidirectional way (i.e. the 

immune status influencing oral microbiota as well as bacteria affecting immune response 

via organized mucosal-associated lymphoid tissues as seen with gut-associated lymphoid 

tissues (GALT)) would be extremely helpful in understanding the mechanisms 

underlying mucosal immunity. 
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VI. APPENDICES 

Appendix I: Early Infant Diagnosis of HIV algorithm 

 

Prepared by Baylor International Paediatric Initiative 

(www.bipai.org/Curriculums/HIV.../Diagnosis-and-Staging.aspx) 
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Appendix II: Study Forms  

 



 

134 
 

Appendix II continued 
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Appendix II continued 

 

 

 

 

 



 

136 
 

Appendix II continued  
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Appendix II continued  
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Appendix II continued  
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Appendix III: Revised Surveillance Case definition for HIV infection-United States, 
2014. MMWR .Recommendations and Reports: Morbidity and Mortality Weekly Report. 
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