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Abstract 

Congenital cytomegalovirus (CMV) infection is the most common congenital viral infection 
worldwide and a leading cause of neurodevelopmental abnormalities, including sensorineural 
hearing loss, microcephaly, and developmental delay in neonates. Transmission occurs primarily 
through vertical maternal–fetal infection during early pregnancy. Although most infected neonates 
are asymptomatic at birth, a significant proportion develop long-term neurological sequelae. In low- 
and middle-income countries, including Nigeria, routine screening for congenital CMV is rarely 
performed, and molecular epidemiological data remain limited. This study aimed to determine the 
molecular prevalence and characterize congenital CMV infection among neonates attending tertiary 
health institutions in Jos, Nigeria. A cross-sectional molecular study was conducted among neonates 
aged ≤21 days recruited from three tertiary hospitals in Jos between January 2021 and December 2022. 
Buccal swab samples were collected and tested for CMV DNA using standardized in-house 
polymerase chain reaction (PCR). Positive samples were subjected to Sanger sequencing, and 
phylogenetic analysis was performed. Data were analyzed descriptively, and molecular prevalence 
was reported with exact 95% confidence intervals. Out of 180 neonates enrolled, one tested positive 
for CMV DNA, giving a molecular prevalence of 0.6% (95% CI: 0.02–3.1%). BLAST analysis revealed 
98.9% nucleotide sequence similarity to Human herpesvirus 5 strain HAN22, and the sequence was 
assigned the GenBank accession number PV668598. Phylogenetic analysis showed clustering with 
previously reported African isolates. The CMV-positive neonate presented with microcephaly and 
small-for-gestational-age status. Although congenital CMV infection was rare in this cohort, 
molecular detection and genomic characterization provide valuable baseline data on CMV 
epidemiology in Nigeria and underscore the importance of continued surveillance and early 
diagnosis. 

Keywords: cytomegalovirus; congenital infection; neonates; molecular epidemiology; PCR; Sanger 
sequencing; phylogenetics; Nigeria 
 

1. Introduction 

The  human cytomegalovirus (HCM) is a DNA virus belonging to the beta herpesviridae family 
and also known as human herpesvirus-5 (HHV-5) with humans as its only natural hosts.(Zenebe et 
al. 2021),Shedding of the virus in body fluids is responsible for transmission which correlate with 
periods of active replication.(Lawrence et al. 2024; van der Sande et al. 2007; Zenebe et al. 2021) CMV 
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is transmitted via contact with body secretions such as saliva, breast milk, blood, urine, semen and 
cervical secretions, (Zenebe et al. 2021) 

Perinatal/postnatal phase of infection can occur at the time of foetal passage through the birth 
canal or immediately after birth due to exposure to infected cervical secretions, breast milk, or contact 
with traumatized vagina secretions and or blood. Newborns are commonly affected prenatally 
(congenital) through trans-placental acquisition of  the virus either as a consequence of primary or 
a recurrent maternal infection with the worst sequelae associated with primary  maternal 
infections(Ebrahim et al. 2015; Ebrahimi-Rad et al. 2017). The incubation period of the infection is 
about 2–3 weeks, after which shedding of the virus and detection in secretions such as urine, vaginal 
secretions and breast milk is possible. Congenital cytomegalovirus is the most common cause of 
congenital infections worldwide (0.2 to 2.2%), with substantial variation in developing countries (6 
to 14% ) (Ross et al. 2011) (Fernandez et al. 2022). Some factors  have been associated with poor 
neurodevelopmental prognosis among which are the presence of microcephaly, chorioretinitis, or 
neurological abnormalities at birth (Manicklal et al. 2013; Noyola et al. 2001). Cytomegalovirus 
retinitis is the most frequent ocular complication and is the main cause of visual loss in patients with 
AIDS, the immunosuppressed are at increased risk of complications, disability and mortality.  

The socioeconomic background has significant effects on the epidemiology and clinical outcome 
of the infection, however very few data are available from developing countries where the overall 
burden of infectious diseases is frequently high (Marsico, Kimberlin, David W, and Kimberlin 2017). 
Congenital cytomegalovirus infection often goes undetected at  birth on account that  majority of 
affected children are asymptomatic or present with trivial symptoms that do not attract  clinicians 
attention. Hence behavioral practical guidance such as personal hygiene are aimed at reducing the 
transmission of CMV to pregnant  women (Korver et al. 2009; Marsico et al. 2017). 

The commencement of antiviral therapy such as gancyclovir among other antiviral on 
symptomatic children with  CNS manifestation is effective at reducing the risk of long-term 
disabilities and should be offered to families with affected newborns.(Elizabeth C. Swanson, DO and 
Mark R. Schleiss 2013). 

Despite the known burden of congenital CMV and its long-term complications, there is a paucity 
of data on its seroprevalence in Nigeria, particularly in northern region including Jos. This gap in 
surveillance data puts limitations on early diagnosis and targeted interventions. Moreover, the utility 
of cord blood samples for early CMV detection is not routinely explored in our setting.  This study 
aimed to determine the molecular prevalence of congenital CMV infection among neonates in Jos, 
North-Central Nigeria, and to characterize detected CMV strains using sequencing and phylogenetic 
analysis.. 

2. Materials and Methods 

2.1. Study Design and Setting 

This cross-sectional molecular study was conducted between January 2021 and December 2022 
among neonates attending the Special Care Baby Unit and immunization units of three tertiary health 
facilities in Jos metropolis, Plateau State, Nigeria: Jos University Teaching Hospital (JUTH), Plateau 
State Specialist Hospital (PSSH), and Bingham University Teaching Hospital (BhUTH). 

2.2. Study Population and Sample Size 

Neonates aged ≤21 days presenting to the selected health facilities were eligible for inclusion. 
Written informed consent was obtained from parents or guardians prior to enrolment. Neonates were 
consecutively recruited, and no samples were excluded from analysis. 

The minimum sample size was calculated using the formula 
N = (Z² × p × q × D) / d², 
where Z = 1.96 (95% confidence level), p = 0.038 (prevalence of congenital CMV infection 

reported by Olusanya et al., 2015), q = 1 − p, d = 0.05 (margin of error), and D = 2 (design effect). This 
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yielded a minimum sample size of 112 neonates. To improve statistical power, the final sample size 
was increased to 180 neonates. 

2.3. Data Collection 

Sociodemographic, clinical, and maternal data were collected using a structured data collection 
form. Information obtained included neonatal sex, age, anthropometric measurements, clinical 
features, maternal demographic characteristics, and ward of recruitment. 

2.4. Sample Collection and DNA Extraction 

Buccal swab samples were collected under aseptic conditions by brushing the inner cheek with 
a sterile flocked swab. Samples were transported under cold-chain conditions to the molecular 
laboratory and stored at −80 °C until DNA extraction. 

Genomic DNA was extracted using the Zymo-Spin™ IIC column–based protocol (Zymo 
Research, USA) in accordance with the manufacturer’s instructions. DNA was eluted in ≥50 µL of 
elution buffer and stored at −20 °C until polymerase chain reaction (PCR) analysis. 

2.5. PCR Detection of Human Cytomegalovirus 

Human cytomegalovirus (HCMV) DNA was detected using an in-house nested PCR assay 
targeting the glycoprotein B (gB) gene, employing primers adopted from previously published 
studies (Choudhary et al., 2015). The outer primer pair (gB1138/gB1638) amplified a 661-bp fragment, 
while the inner primer pair (gB1276/gB1524) produced a 249-bp fragment (Table 1). 

PCR amplification was performed for 35 cycles under standard conditions. HCMV strain AD169 
was included as a positive control, and nuclease-free water served as a negative control. PCR 
products were resolved on 1.5% agarose gel and visualized under ultraviolet illumination using a 
molecular size ladder. 

Table 1. Primers used for nested PCR amplification of the HCMV gB gene. 

Name Sequence (5′→3′) Type Strand Amplicon Size 
gB 1138 CAAGARGTGAACATGTCCGA Outer primer Sense 661 bp 
gB 1638 GTCACGCAGCTGGCCAG Outer primer Antisense  
gB 1276 GGTTTGGTGGTGTTCTGGCA Inner primer Sense 249 bp 
gB 1524 CACACACCAGGCTTCTGCGA Inner primer Antisense  

Primers were adopted from previously published studies. (Choudhary et al. 2015). 

2.6. Sequencing and Phylogenetic Analysis 

Purified PCR products were subjected to Sanger sequencing using the ABI Prism BigDye 
Terminator v3.1 Cycle Sequencing Kit and analyzed on an ABI 3730/3730xl DNA Analyzer, following 
the manufacturer’s instructions. Sequence similarity analysis was performed using the Basic Local 
Alignment Search Tool (BLAST). Phylogenetic analysis was conducted using MEGA version 11. The 
generated nucleotide sequence was deposited in the GenBank database. 

2.7. Statistical Analysis 

Data were analyzed using standard statistical software. Continuous variables were summarized 
as means and standard deviations, while categorical variables were presented as frequencies and 
percentages. The molecular prevalence of congenital CMV infection was calculated with exact 95% 
confidence intervals using the Clopper–Pearson method. Due to the low number of PCR-positive 
cases, inferential statistical analyses were not performed, and results were reported descriptively. 

2.8. Ethical Approval 
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Ethical approval for the study was obtained from the institutional ethics committees of the 
participating hospitals. Written informed consent was obtained from parents or guardians prior to 
enrolment. All data were anonymized to ensure participant confidentiality. 

3. Results 

3.1. Study Population Characteristics 

Between January 2021 and August 2022, a total of 180 neonates aged ≤21 days were enrolled 
from three healthcare facilities in Jos, Nigeria: Jos University Teaching Hospital, Plateau State 
Specialist Hospital, and Bingham University Teaching Hospital. Of the enrolled neonates, 102 (56.7%) 
were male and 78 (43.3%) were female. 

The majority of neonates (145/180; 80.6%) were aged 1–5 days, while 21 (11.7%) were aged 6–10 
days, and 14 (7.8%) were older than 10 days. The age and sex distribution of the study population is 
summarized in Table 2. 

Table 2. Age and Sex Distribution of Neonates in Jos Metropolis. 

Age Sex Total Percent 
 Male Female   

1-5 85(58.6) 60(41.4) 145 80.6 
6-10 6( 28.6) 15(71.4) 21 11.7 
>10 11(78.6) 3(21.4) 14 7.8 

Total 102(56.7) 78(43.3) 180 100.0 

3.2. Detection of Congenital CMV Infection and Maternal Characteristics 

Out of the 180 neonatal samples analyzed, one neonate (0.6%) tested positive for CMV DNA by 
PCR. Owing to the presence of only a single PCR-positive case, statistical comparisons between CMV-
positive and CMV-negative groups were not performed. 

Maternal demographic characteristics, including age group, marital status, parity, occupation, 
educational level, and ward of recruitment, are therefore presented descriptively according to 
neonatal CMV PCR status in Table 3. The CMV-positive neonate was born to a mother aged ≤25 years, 
in a monogamous marriage, with parity of 1–2, secondary education, and recruited from the Special 
Care Baby Unit (SCBU). 

Table 3. Distribution of Maternal Demographic Characteristics According to Neonatal CMV PCR Status. 

Maternal Characteristic CMV PCR Positive (n=1) CMV PCR Negative (n=179) Total 
Age group (years)    

≤25 1 30 31 
26–30 0 65 65 
31–35 0 68 68 
≥35 0 16 16 

Marital status    

Monogamous 1 151 152 
Polygamous 0 28 28 

Parity    

1–2 1 99 100 
3–4 0 60 60 
≥5 0 20 20 

Occupation    

Housewife 1 80 81 
Business 0 42 42 

Civil servant 0 33 33 
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Maternal Characteristic CMV PCR Positive (n=1) CMV PCR Negative (n=179) Total 
Tailor 0 6 6 

Student 0 8 8 
Others 0 10 10 

Education level    

Primary 0 20 20 
Secondary 1 75 76 

Tertiary 0 84 84 
Ward of recruitment    

SCBU 1 140 141 
Immunization 0 28 28 

Postnatal 0 10 10 
Delivery 0 1 1 

Note: Statistical association testing was not performed due to the presence of only one PCR-positive case. 

3.3. Molecular Detection of CMV 

PCR amplification targeting the cytomegalovirus glycoprotein B (gB) gene yielded a positive 
result in one sample (Sample 144). Agarose gel electrophoresis demonstrated a distinct band at 
approximately 661 bp, corresponding to the expected size of the outer PCR amplicon. No 
amplification was observed in the remaining samples or in the negative control (Plate 1). 

 

Figure 1. Gel electrophoresis of CMV. Agarose gel electrophoresis of CMV gB gene PCR products. Lane M: 
molecular weight marker; Lane 144: CMV-positive sample showing a band at 661 bp; Lanes 145–148: CMV-
negative samples. 

3.4. Sequence Analysis and Phylogenetic Characterization 

The CMV-positive PCR product was successfully sequenced using the Sanger method. BLAST 
analysis of the nucleotide sequence showed 98.9% similarity to Human herpesvirus 5 strain HAN22. 
The sequence was deposited in GenBank under the accession number PV668598. 

Phylogenetic analysis performed using MEGA version 11 revealed that the study isolate 
clustered within the HAN22 lineage, showing close genetic relatedness to CMV strains previously 
reported from southern Africa, including Zambia. In the phylogenetic tree, the study sequence is 
labeled “ISOLATE BELLO” to distinguish it from reference strains (Figure 1). 
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Figure 1. Neighbor-joining phylogenetic tree based on CMV gB gene sequences showing the relationship 
between Isolate Bello and reference Human herpesvirus 5 strains. 

4. Discussion 

This study provides molecular evidence of congenital CMV infection(Adrien et al. 2016) among 
neonates in Jos, Nigeria, with a low prevalence detected using PCR furthermore the observed 
prevalence is comparable to findings from other regions including the country of study with a low 
prevalence. Notably, the prevalence reported in this study is lower than that observed in a pilot study 
conducted in Lagos by Olusanya and colleagues, who reported a prevalence of 3.8% using PCR. 
(Olusanya, Slusher, and Boppana 2015) However the value obtained in this study falls within the 
range obtained in a review  by Lanzieri and colleagues from Africa, Asia, and Latin America were 
they found out that the  prevalence using PCR varied from 0.6% in Panama to 6.1% in 
China,(Lanzieri et al. 2014; van der Sande et al. 2007) and 0.2–2.0%  most often reported for 
developed countries. (Lanzieri et al. 2014) 

Differences in maternal seroepidemiology, (Moglad et al. 2023) diagnostic approaches, and 
specimen types may partly explain this variability.(Ramchandar et al. 2020) 

Importantly, this study demonstrates the feasibility of sentinel molecular surveillance for 
congenital CMV infection in resource-limited settings, aligning with previously identified priorities 
and opportunities for improving surveillance of congenital infections in such contexts.(Roilides, 
Ladhani, and Syrogiannopoulos 2023)  

The strain identified in this study Human herpesvirus 5 strain HAN22, showed a high degree of 
genetic similarity (98.9% molecular identity) to previously reported CMV strains. Human 
cytomegalovirus is known to exhibit considerable genetic diversity, which may contribute to the 
emergence of variants with distinct genetic characteristics. (Ross et al. 2020),(Variation 2016) 
Available evidence suggests that common CMV strains can circulate within specific geographical 
regions over relatively short periods, while no single strain appears to be uniquely restricted to a 
particular region.(Scarborough, Scarborough, and Sikes 2016; Variation 2016)The genetic relatedness 
of the detected strain to a Southern African lineage underscores the need for broader regional 
genomic surveillance.(Charles 2023) 

The absence of routine congenital CMV screening in most country including Nigeria likely 
contributes to underestimation of disease burden. (Payne and Barnabas 2024)These findings support 
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the need for structured surveillance and targeted screening strategies, particularly for high-risk 
neonates.(Berkovitz 2024) 

Future studies should adopt a multicenter design with larger sample sizes across different 
regions of Nigeria to better define the epidemiology, transmission dynamics, and genetic diversity of 
congenital CMV infection. 

5. Conclusions 

Congenital CMV infection was not common among neonates in this study from Jos, Nigeria. 
However, molecular detection and genomic characterization of CMV contribute important baseline 
data and highlight the need for continued surveillance and early diagnostic strategies in resource-
limited settings. 

Limitations and Strengths 

The low number of CMV-positive cases limited inferential statistical analysis. The use of buccal 
swab specimens may have reduced diagnostic sensitivity compared with urine or saliva samples. 
Nevertheless, the strengths of this study include molecular confirmation of infection, sequencing 
with phylogenetic analysis, focus on early neonatal life, and the study contributed to a Nigerian CMV 
sequence in public databases. 
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