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Abstract 
Introduction: Vertical transmission of Cytomegalovirus (CMV), resulting in congenital CMV (cCMV) infection could have disabling and 

potentially fatal effects on the foetus or neonate. Although primary infection probably has a higher risk of leading to cCMV, in highly 

seropositive populations, a significant risk of vertical transmission is thought to be due to CMV reactivation and or reinfection during 

pregnancy. In this narrative review, we summarise the prevalence of CMV infection and associated risk factors among pregnant African women, 

in a setting where primary CMV infection usually occurs during infancy. 

Methodology: A systematic search of literature published between January 2000 and January 2019, retrieved on five bibliographic databases 

was performed. Search for relevant articles was performed using the following keywords: cytomegalovirus, CMV, infection, antenatal 

infections, pregnancy, pregnant women, gravidity, developing countries and Africa, with appropriate qualifiers such as OR, AND. 

Results: Systematic searching retrieved 11 relevant original research papers. Prevalence of anti-CMV IgG and IgM antibodies ranged from 60-

100% and 0-15.5%, respectively. Prevalence of CMV DNA ranged from 0-29%, depending on the specimen used. However, there was no 

geographic trend for CMV seroprevalence or CMV DNA prevalence across the African continent. Overall, a substantial percentage of women 

of reproductive-age were CMV seronegative and at risk of primary infection. Associations of sociodemographic factors with CMV infection 

were inconsistent across all reviewed studies. 

Conclusions: The limited data and inconsistency of findings from the few studies carried out in Africa calls for prospective studies comparing 

prevalence and outcomes of cCMV in infants born to women with both primary and reactivated CMV in Africa.  
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Introduction 
Cytomegalovirus (CMV) is the second most 

common cause of congenital viral infections in the 

developing countries, after HIV [1]. Congenital CMV 

(cCMV) occurs when there is transmission of CMV 

from the mother to the infant in utero or perinatally. 

Congenital CMV is diagnosed by the detection of CMV 

DNA in any of the infant’s body fluids within the first 

21 days of life [2]. Because CMV infection or 

reactivation takes advantage of decreased or 

compromised immunity, pregnant women are 

particularly at risk of CMV reactivation due to the 

immune down-regulation which occurs in pregnancy. 

Pregnancy has been described as an immunological 

condition which presents multiple challenges in 

diagnosis, prevention and management of infectious 

diseases [3].  

Maternal immunity acquired against CMV prior to 

conception does not confer complete protection to the 

developing foetus, as is the case with the other antenatal 

and perinatal congenital infections such as 

toxoplasmosis and rubella. As a result, vertical 

transmission of CMV can occur in both primary and 

non-primary maternal infections with rates of 30% and 

2%, respectively [4–5]. It was previously believed that 

vertical transmission of CMV and severe neonatal 

symptoms of cCMV only occur in infants born to 

mothers with primary infection in pregnancy. However, 

over 60% of the infants infected in utero with CMV are 

born to mothers with preconceptional immunity who 

have secondary infection in pregnancy, and more and 

more studies show severe sequelae in these infants. We 

therefore conclude that congenital CMV may be a 

significant problem even in children born to mothers 

with pre-pregnancy immunity [6–10]. Because cCMV 
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prevalence (~3%) is higer in resource-limited settings 

where previous maternal infection is widespread, the 

majority of cCMV cases are a result of non-primary 

maternal infections compared with the developed world 

which has cCMV prevalence of ~0.3% [11–12]. The 

role of non-primary CMV infection in cCMV has been 

shown in Brazil where a maternal CMV seropositivity 

of ≥ 97% resulted in more cases of cCMV compared to 

primary maternal infection [13–14]. Similar data are 

lacking in Africa despite a high seroprevalence of CMV 

and a likely growing burden of children with cCMV 

associated sequelae. This may justify the use of 

invasive methods for the detection of possible fetal 

infection even in cases of secondary CMV infection. 

This also brings in an additional problem, when 

considering the need for immunisation strategies 

against CMV, as current vaccine development is 

primarily aimed at seronegative women to prevent 

primary infection. Furthermore, CMV infection during 

pregnancy increases the risk of spontaneous abortions 

[15].  

Identification and treatment of cCMV is 

complicated as only 10–15% of infected infants present 

with symptoms at birth, and current guidelines 

recommend giving antiviral therapy only to 

symptomatic infants. However, as many as 15%–25% 

of asymptomatic infants go on to develop CMV-

associated sequelae, particularly hearing loss [9,16]. 

Treatment of cCMV, especially in Africa, is further 

complicated by the high cost of antiviral drugs. The 

recommended 16 mg/kg twice daily dose of 

valganciclovir for six months costs approximately 

USD1820 [17–18]. This cost is out of reach for most 

people in developing countries who survive on less than 

USD1 per day and whose governments are already 

battling to sustain HIV antiretroviral therapy programs 

[19–20]. Moreover, in some cases, resistance against 

the widely used ganciclovir has been reported [21]. 

Further, the asymptomatic viral shedding of CMV 

sustains lack of recognition and underdiagnosis of the 

infection and risks of onward transmission.  

Currently, there are no ideal safe and effective 

interventions to control CMV infection in pregnancy, as 

animal studies have shown teratogenicity associated 

with the principal anti-CMV agent, valganciclovir, 

when used in early pregnancy. There are currently no 

data on the teratogenicity of valganciclovir in humans 

[22]. In the absence of an effective vaccine, timely and 

robust diagnosis of maternal CMV infection and 

identification of mothers at highest risk of transmitting 

CMV becomes a priority so that infants with cCMV 

infection can be diagnosed and treated.  

The prevalence of CMV differs among populations 

and regions, with Africa being one of the regions with 

the highest prevalence: Africa (> 95%), South America 

(> 95%), Asia (81-95%), North America (≤ 70%), 

Australia (≤ 65%), Europe (≤ 60%) [23–24]. 

Surprisingly, despite the high prevalence reported in the 

few studies done in Africa, most African countries lack 

CMV prevalence reports, especially in pregnant 

women. In addition, while identification of factors 

influencing the vertical transmission of CMV is critical 

in curbing new infections, very little is documented on 

these factors. As the world focuses on the WHO-led 90-

90-90 targets for HIV diagnosis, treatment and control 

[25], important co-infections such as CMV are 

neglected. In view of the potentially disabling and/or 

fatal effects of congenital CMV infection, we 

summarise the prevalence and associated risk factors of 

CMV infection among pregnant women in Africa.  

 

Methodology 
We conducted a systematic literature search for this 

narrative review which summarises the 

seroprevalence/prevalence of CMV infection and 

associated risk factors among pregnant African women. 

 

Definition of CMV infection 

In this review, the following terms are used and 

should be defined to understand the different types of 

CMV infection status [26]. CMV seropositive refers to 

presence of either CMV IgM or IgG antibodies in either 

serum or plasma. CMV IgG seropositivity is used as a 

marker of exposure to CMV at some point during an 

individual’s lifetime. CMV IgM seropositivity is a 

marker of CMV infection in a previously CMV 

seronegative individual (primary infection) or CMV 

reactivation/reinfection in a CMV IgG seropositive 

individual (secondary infection). CMV IgG antibody 

avidity is the aggregate strength with which CMV IgG 

antibodies bind to the CMV antigens. IgG antibody 

avidity gives a reflection of how long antibodies have 

been in circulation, following exposure to an antigen. 

The longer the antibodies would have been in 

circulation, the higher the avidity and vice versa [27]. 

Therefore, low avidity antibodies are a better marker of 

recent and/or active (≤ 6 weeks) infection, following a 

positive CMV IgM test [28]. CMV DNAemia is defined 

as the presence of CMV DNA in blood, while CMV 

shedding is the presence of CMV DNA in any other 

body fluids. 
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Study selection 

Literature for this review was accessed from 

PubMed/ Medline, Scopus, EBSCOHost, African 

Journals Online (AJOL) and Institute for Scientific 

Information (ISI) web of knowledge databases. The 

search terms were as follows: (cytomegalovirus OR 

CMV OR CMV infection) AND (antenatal infections) 

AND (pregnancy OR pregnant women OR gravidity) 

AND (Africa OR developing countries). The search 

strategy was discussed by all authors, adjusted to ensure 

maximum relevance and read by DM. The identified 

papers were then read by DM and results were recorded 

in Table 1, in which we entered details about the study 

population, method of CMV diagnosis, country and 

province/city of study as well as CMV 

seroprevalence/prevalence. We then compared the 

details of included papers for commonalities. 

 

Results 
The search strategy, summarised in Figure 1 yielded 

78 articles, whose abstracts were all reviewed. Sixty-

four abstracts were excluded for one or more of the 

following reasons: were not carried out in 

Africans/African countries; did not report on 

seroprevalence or prevalence of CMV. Three of the 

remaining 14 full text articles were excluded because 

the studies did not focus on pregnant women. Only full 

text articles published in English were included in this 

review. An article publication date range of January 

2000 to January 2019 was selected to enable a sample 

of studies large enough to inform meaningful 

discussion and recent enough that it reflects current 

practice. We accessed 11 full articles reporting the 

prevalence of CMV in pregnancy in Africa. Of the 11 

studies, two were conducted in North Africa (both in 

Table 1. Summary of findings from the studies reviewed. 

Region and 

country 
*Study population 

CMV status 
Reference 

DNA (n) IgM % IgG % 

East Africa      

Kenya 260 women at Thika hospital ND 8 77 [36] 

Ethiopia 200 women in Addis Ababa ND 16 89 [35] 

Sudan 231 women in El-Rahad ND 3 72 [37] 

Tanzania 261 women in Mwanza ND 0.4 74 [38] 

North Africa      

Egypt 546 women in Ismailia ND 7 100 [30] 

Egypt 

62 women (50 with a history of recurrent 

spontaneous abortion (cases), 12 with no history 

of spontaneous abortion (controls) in Mansoura) 

12 in cases 

0 in controls 
ND ND [29] 

West Africa      

Ghana 72 women in Jomoro ND 0 100 [32] 

Nigeria 174 women in Osogbo ND  60 [33] 

Gambia 169 HIV-infected women in Sukutu 

Vaginal swab – 24 

Colostrum – 29 

Saliva – 13 

Urine – 1 

Plasma – 2 

 100 [31] 

Nigeria 180 women in Kano ND ND 91 [34] 

Southern 

Africa 
     

Malawi 81 HIV-infected ART-naïve women in Blantyre ND ND 100 [39] 

* - all participants were pregnant and in the reproductive age (18-45 years), ND - not done, DNA – CMV DNA detected in any type of body fluid, IgM – anti-

CMV IgM antibodies detected in serum, IgG – anti-CMV IgG antibodies detected in serum. 

Figure 1. Flow diagram of the article searches yielded, excluded 

and reviewed for the purpose of this review. 
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Egypt [29,30]), four in West Africa (one in each of 

Gambia [31] and Ghana [32], two in Nigeria [33,34]), 

four in East Africa (one in each of the following 

countries; Ethiopia [35], Kenya [36], Sudan [37] and 

Tanzania [38]); and one in Southern Africa (Malawi) 

[39]. 

 

Prevalence of Cytomegalovirus in pregnancy 

All studies reported CMV IgG seroprevalence, with 

five concurrently reporting CMV IgM results. 

Prevalence of anti-CMV IgG seropositivity during 

pregnancy in Africa ranged from 60% to 100%. Four of 

the 11 studies (conducted in Gambia, Egypt, Malawi 

and Ghana) reported 100% CMV IgG seroprevalence, 

demonstrating that the entirety of the study participants 

in these studies had been exposed to CMV in their 

lifetime. This is in keeping with studies in Gambian 

infants which showed that 100% of children acquired 

CMV infection by the age of eighteen months [10]. Two 

of the 11 studies reviewed reported on the prevalence 

of CMV DNA. Table 1 presents an overview of all the 

studies included in this review as well as CMV 

prevalence. 

 

Factors associated with acquisition of CMV in African 

pregnant women 
HIV co-infection 

Two studies from Gambia and Malawi enrolled 

HIV-infected women only. The Kenyan study enrolled 

both HIV-infected and HIV- uninfected women in order 

to investigate HIV as a risk factor for CMV infection in 

Kenyan pregnant women. The Kenyan study reported 

no significant association between HIV status and 

CMV infection [36]. The remaining eight studies did 

not consider HIV as a risk factor for CMV infection or 

did not have data on the HIV status of participants 

despite the known biological interactions between HIV 

and CMV. 

 
Socio-economic status 

None of the reviewed studies considered socio-

economic status as a correlate of CMV acquisition. 

However, several factors can be considered markers of 

socio-economic status, among them, place of residence, 

employment status, income and level of education [40]. 

The study carried out in Kenya reported on a significant 

association between risk of CMV infection and low 

levels of education (Odds ratio (OR) = 3.8, 95% CI = 

3.023–6.96, p < 0.001) [36]. Hamid et al. [34] did not 

find any significant association between occupation and 

CMV seropositivity in Nigerian pregnant women. 

Contrary to findings from the Nigerian study, a study 

among Sudanese women [37], where an association 

between illiteracy and CMV IgG seropositivity (p < 

0.05) was reported. However, the study carried out 

among Sudanese women did not report odds ratios or 

95% confidence intervals. A study done on a Tanzanian 

cohort reported urban residence to be a risk factor for 

CMV IgG seropositivity (OR = 6.329, 95% CI 2.885–

13.887, p < 0.001) [38]. 

 
Maternal age and parity 

Three of the 11 studies in this review investigated 

age as a risk factor for CMV acquisition in pregnancy. 

Zaki and Goda [29] reported a significantly (p < 0.001) 

higher median age among IgG seropositive (median = 

25, IQR 19–27) compared to that of IgG seronegative 

(median = 20, IQR 18–20) Egyptian women. Among 

Tanzanian women, a one-year age increase resulted in 

a 0.3% (95% CI 0.13–0.47, p = 0.001) increase in 

seroprevalence while at the same time the risk of being 

CMV IgG positive increased by 24% [38]. Hamdan et 

al. [37] observed that advanced maternal age was 

associated with a higher risk of CMV seropositivity in 

Sudanese pregnant women. However, the significance 

was lost after multivariate analysis [37], suggesting that 

the influence of maternal age on CMV acquisition could 

perhaps be marginal. Studies done in Kenyan and 

Nigerian women did not report any association between 

maternal age and risk of CMV seropositivity [34,36]. 

Higher parity was found to be significantly associated 

with a higher risk of CMV infection in the studies 

carried out in Tanzanian (OR = 2.9, 95% CI 1.6-5.4, p 

< 0.001), Kenyan (OR = 3.8, 95% CI 3-7, p < 0.0001) 

and Sudanese (OR = 15, 95% CI 2-123, p = 0.01) 

pregnant women [34,36–38]. 

 
Blood transfusion 

Two of the 11 studies investigated history of blood 

transfusion as a risk factor for CMV seropositivity 

[33,36]. There was a significant difference (p < 0.05) in 

CMV IgG seropositivity between women who 

previously had a blood transfusion (93%) compared to 

women without a transfusion history (82%) among 

Nigerian women [34]. This finding was confirmed by 

observations in the Kenyan cohort, where history of 

blood transfusion was associated with both CMV IgG 

and IgM antibody seropositivity [36]. 

 
Recurrent spontaneous abortion 

Four of the 11 studies investigated CMV 

seropositivity as a risk factor for history of recurrent 

spontaneous abortion [29,35,37-38]. CMV 

seropositivity was reported to be significantly 
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associated with history of spontaneous abortion in the 

Tanzanian study, both in univariate (OR = 5.6, 95% CI 

1.3-24.2, p < 0.02) and multivariate analysis (OR = 5.2, 

95% CI 1.1-24.4, p = 0.038) [38]. In addition to a 

significant association between IgG seropositivity and 

history of spontaneous abortion in the Tanzanian 

cohort, the only woman who was CMV IgM 

seropositive had adverse birth outcomes with a low 

birth weight baby who also had microcephaly and spina 

bifida, consistent with a cCMV diagnosis [38]. In 

contrast, Yeshwondm et al. [35], Hamdan et al. [37] as 

well as Zaki and Goda (29) reported no significant 

association between history of spontaneous abortion 

and CMV infection in Ethiopian, Sudanese and 

Egyptian pregnant women, respectively. 

 

Discussion 
Seroprevalence of CMV 

The prevalence of CMV observed in African 

countries is generally higher than the average 40% to 

70% reported in the developed world [41]. The 

seroprevalence estimates reported in all the studies 

reviewed here were obtained using enzyme linked 

immunosorbent assays (ELISA) and therefore can be 

regarded as relatively comparable. Of all the methods 

used to detect presence of antibodies, ELISA has been 

found to be the most superior and reliable [26]. 

However, detection of CMV DNA by polymerase chain 

reaction (PCR), the gold standard for detection of CMV 

in body fluids, provides a better reflection of the 

presence of actively replicating virus. CMV PCR 

compared to immunoglobulin assays offers superior 

specificity (100% vs 96%) and sensitivity (100% vs 

22%) [42]. However, PCR may result in false positives 

for active CMV infection as it can also detect genetic 

material from latent viruses [43]. PCR is a relatively 

expensive assay that requires use of commercial kits 

and specialist equipment; hence, access to the technique 

in the African setting is limited. Thus, serology remains 

the method of choice. As such, seroprevalence is the 

main tool for CMV surveillance on the continent, hence 

forms the main focus of this review. 

Exposure to CMV among African pregnant women 

in the reviewed studies was very high, but appears to 

vary across the continent. The prevalence of active 

infection, denoted by presence of IgM antibodies (0-

15.5%), was much lower than that of IgG antibodies 

(60-100%) [29–39]. However, the seroprevalence of 

both CMV IgG and IgM antibodies did not show any 

geographic trends across the African continent. This 

observation probably rules out a possible role for 

geographical hotspots in CMV acquisition. The 

discrepancy between high CMV IgG seropositivity and 

low CMV IgM seropositivity suggests that the majority 

of the congenital CMV cases in high CMV prevalence 

settings in the reviewed studies are consequent of non-

primary infection [44]. Thus, CMV antibody avidity, an 

additional measurement meant to detect IgG positive 

individuals in whom CMV is likely to have been or is 

reactivated is critical in clinical decision making when 

serology is the only available method of diagnosis.  

Two studies conducted in Egypt and Kenya 

reported avidity results and noticeably there were 

discrepancies between IgM seropositivity and low IgG 

avidity in both studies [30,36]. In the Egyptian study, 

40% tested positive for IgM antibodies, but none of the 

participants that tested positive for CMV IgM 

antibodies had IgG antibodies of low avidity. This 

could suggest that CMV IgM antibodies persist in the 

circulation for longer than 6 weeks and hence may not 

be a good marker of current CMV infection [30]. On the 

other hand, the Kenyan study reported a low avidity IgG 

antibodies prevalence of 5%, which was less than the 

8% seroprevalence of IgM antibodies [36]. Such 

discrepancies between IgM and IgG avidity test 

outcomes highlight some of the challenges faced in 

detection of potentially vertically transmissible CMV 

infections during pregnancy. Despite IgG avidity being 

the readily available method for ascertaining 

recent/current infection in Africa, a previous study in 

Italian women found vertical transmission of CMV to 

be 4% and 2% among women with intermediate and 

high anti-CMV IgG antibody avidity, respectively [45]. 

Findings from the Italian study point out to potential 

misdiagnosis of women who are likely to transmit CMV 

to their offspring using serological tests. Therefore, 

determination of CMV DNA in blood (DNAemia) and 

that shed into other body fluids (viral shedding) 

presents a much more relevant and reliable test for 

active infection and potential vertical transmission in 

pregnant women.  

In addition to CMV serology, one study reported 

CMV DNAemia as well as CMV shedding in various 

specimen types in pregnant women in the Gambia [31]. 

While CMV seropositivity was 100% in the Gambian 

population, CMV DNA prevalence was much lower in 

the different sample types tested: 29% in colostrum, 

14% in vaginal swabs, 13% in saliva, 2% in plasma and 

1% in urine [31]. It would have been interesting to 

compare the CMV DNA prevalence results with CMV 

avidity results to determine the concordance of the 

results. None of the studies included in this review 

provided such information. The 29% percent CMV 

DNA detection in colostrum suggests a huge 
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contribution of breastfeeding to early vertical 

transmission of CMV [31]. 

Studies from Kenya, Sudan and one of the two from 

Nigeria report the lowest CMV seroprevalence 

frequencies (< 80%) [34,36–37], while the rest of the 

studies reviewed reported frequencies greater than 90% 

[29–33,35,38–39]. The differences in the prevalence 

rate across the African populations could be due to 

differences in other suggested or reported risk factors 

for CMV infection as well as study designs. 

 

Factors associated with acquisition of CMV in African 

pregnant women 
HIV co-infection 

Despite the reported association between CMV and 

HIV pathogenesis, there is a research gap on studies 

comparing prevalence of CMV between HIV-infected 

and HIV-uninfected pregnant women in African 

populations. For example, the 100% CMV IgG 

seroprevalence reported in the only two studies 

included in this review that considered CMV/HIV 

coinfection may not be representative of the general 

Malawian and Gambian populations, but rather 

influenced by the HIV co-infection [31,39]. 

CMV, like other herpesviruses, may lie latent after 

initial infection if viral replication is significantly 

suppressed by T-lymphocytes [46]. CMV is reactivated 

later when the immune system fails to mount an 

adequate cell-mediated immune response to contain 

CMV replication, resulting in viral shedding. 

Consequently, the immune-compromised HIV-infected 

individuals are at a greater risk of CMV reactivation 

compared to HIV-uninfected individuals [47]. As a 

result, the risk of CMV reactivation is even higher in 

HIV-infected pregnant women whose already HIV 

compromised immunity is further down-regulated in 

pregnancy [3]. Some studies have observed that 

virtually all HIV-infected women are CMV IgG 

positive. Furthermore, CMV-specific IgG avidity 

results from these studies suggest reactivation of 

subclinical infection [48–49. The dynamics of HIV and 

CMV coinfection are not fully understood but the two 

have been found to co-activate each other in vitro [50]. 

Both CMV and HIV preferentially replicate in an 

activated environment, and there was a linear 

relationship between CMV and HIV viral load in the 

Kenyan infant study [51]. The relatively high 

prevalence of CMV in Africa could in part be driven by 

the HIV burden in the region [52]. Interestingly, one of 

the studies carried out among Nigerians showed a trend 

towards increased risk of being CMV IgG positive with 

having more than one sexual partner [34], a trend 

similar to what has been observed in risk of HIV 

infection [53]. Per contra , Barbosa et al. did not find 

any relationship between number of sexual partners and 

CMV viral shedding among Brazilian women [6]. 

CMV infection is an independent predictor of 

morbidity and mortality in HIV-infected individuals 

[54,55]. In a study carried out among HIV-infected 

infants in Kenya, CMV-induced increase in T-cell 

activation and apoptosis was hypothesised to contribute 

to rapid HIV disease progression in coinfected infants, 

suggesting a possible role of CMV in driving HIV-

associated morbidity and mortality [56]. In another 

study carried out to determine the relationship between 

CMV DNAemia and maternal-infant mortality, HIV 

infected infants born to CMV DNAemic women had a 

four-fold increased risk of mortality within two years 

post-partum. The finding was independent of markers 

of HIV disease progression such as CD4+ T cell count 

and HIV viral load [57]. The discordance of CMV 

seroprevalence and HIV infection has also been shown 

in the Gambian population where a relatively high 

prevalence of cCMV (5.4%) was reported among HIV 

unexposed infants [10]. It is worth noting that the 

Gambian study enrolled only healthy infants and 

excluded premature or low birth weight infants who 

would been at a higher risk of cCMV. The finding 

emphasises the potential burden of cCMV independent 

of and in addition to the high HIV burden in Africa.  

In addition to HIV, inflammatory bowel disease 

(IBD) and colitis have been associated with a higher 

risk of CMV acquisition [58]. However, none of the 

studies reviewed here investigated or reported either 

IBD or colitis as a risk factor for CMV infection. 

 
Socio-economic status 

Since CMV infection is transmitted through contact 

with infected body fluids, hygiene and hence 

socioeconomic status are important risk factors for 

CMV acquisition. The influence of education/literacy 

on CMV acquisition could be explained by the direct 

relationship between education and income which 

determines living conditions [59–60]. A study in 

Tanzania found urban residence to be a risk factor for 

CMV seropositivity when compared to rural residence 

[38]. The finding may be explained by the greater 

population densities in urban areas compared to rural 

areas, especially given that the study was conducted at 

a public medical facility, where there would be more 

human contact and an increased risk of CMV 

transmission. 
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Maternal age and parity 

The association of CMV seroprevalence and 

maternal age has been attributed to hygiene habits as 

well as contact with young children who may be at a 

higher risk of shedding CMV. A study by Pass et al. 

reported higher rates of CMV infection among parents 

of children who attended day care [61]. The children in 

day care are exposed to CMV through interaction with 

their peers, hence increase risk of CMV exposure. The 

Tanzanian study reviewed here reported a significant 

association between younger maternal age and 

increased risk of CMV seropositivity. They argued that 

the older mothers have more household experience and 

are more aware of their surroundings, hence develop 

better hygiene habits which reduce risk of CMV 

acquisition or transmission [38,62]. Findings from the 

Tanzanian study are supported by findings from an 

earlier study where younger maternal age was 

significantly associated with poor hygiene and 

increased risk of CMV infection [63–64]. 

Parity is defined as the number of term pregnancies 

a woman has had, regardless of whether they led to 

spontaneous abortion, stillbirth or livebirth. In the 

Kenyan [36] study reviewed, high parity was defined as 

having more than four children prior to the current 

pregnancy, while in the Sudanese [37] study, it was 

defined as having more than five children prior to the 

current pregnancy. Both the Kenyan and Sudanese 

studies reported a significant association between 

higher parity and risk of anti-CMV IgG seropositivity. 

Other studies have however reported conflicting 

findings, likewise, with the speculation that women 

with lower parity would be younger and less 

experienced, hence at a greater risk of CMV acquisition 

and transmission [63]. Thus, the role of parity in CMV 

acquisition remains contentious with need for further 

research, perhaps using CMV DNA and IgM 

seropositivity instead of the largely ubiquitous IgG 

seropositivity. 

 
Blood transfusion 

CMV infection can be transmitted through 

transfusion of CMV-infected blood [65]. It is possible 

that some participants could have received CMV-

infected transfused blood, perhaps due to lack of CMV 

screening in the blood products intended for 

transfusion. CMV acquired through blood transfusion 

could be reactivated in settings of compromised 

immunity and pregnancy, thus increasing the risk of 

vertical transmission. Presence of anti-CMV antibodies 

in transfused blood does not necessarily reflect the 

virological status of the donor, hence is not an accurate 

proxy for the risk of transmission. Thus, more definitive 

diagnostic tests such as CMV DNA PCR are critical in 

making a reliable conclusion on the safety of blood 

intended for transfusion. Unfortunately, in Africa, 

serology remains the method of choice for CMV 

screening in blood products [26]. Given the 

discrepancies in seroprevalence, avidity and CMV 

DNA status reported and discussed in earlier sections, 

pregnant women may still be receiving CMV 

contaminated blood through transfusion. 

 
Recurrent spontaneous abortion 

Recurrent spontaneous abortion is defined as three 

or more consecutive pregnancy losses. Evidence has 

shown that potentially preventable infections may 

account for up to 66% of spontaneous abortions [15,66]. 

Infections such as Mycoplasma hominis, herpes 

simplex virus type 2 as well as CMV have been found 

to lead to inflammatory processes which result in 

spontaneous abortion [66–67]. In addition to CMV 

inducing inflammatory processes that increase 

apoptosis in trophoblast cells during pregnancy, CMV 

also activates TNF-α, leading to cell death [15]. 

Furthermore, CMV has also been shown to disturb 

normal physiology of placental cells, resulting in 

placental dysfunction and increased risk of spontaneous 

abortion or still birth [66,68]. The non-significant 

associations of CMV with spontaneous abortion 

reported in the Sudanese study could be attributed to an 

overrepresentation (80% vs 20%) of women without a 

history of recurrent spontaneous abortion in the study 

cohort, therefore minimising the effect of CMV on 

underrepresented women. 

 

Other possible factors associated with CMV infection 

but not evaluated in African studies 
Genetic predisposition 

Polymorphisms in host genes encoding factors 

involved in innate immunity have been found to 

influence CMV acquisition [69]. Genes coding for TLR 

as well as NK cell surface receptors have been 

implicated. 

TLRs are protein recognition receptors which sense 

the presence of pathogen associated molecular patterns 

to mediate and trigger an immune response, particularly 

nuclear factor-kappa B (NF-κB) activation and cytokine 

secretion [70]. TLR2, 4 and 9 are the major TLRs 

involved in immune responses against dsDNA viruses 

such as CMV [71]. On the TLR2 gene, carriage of the C 

allele on the 1350T>C polymorphic site and that of the 

A allele on the 2258G>A polymorphic site were 

associated with increased susceptibility to cCMV 
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infection among Japanese children [72]. Two 

polymorphisms on the TLR4 gene (896A >G and 1196 

C>T) were significantly associated with the risk factors 

for invasive aspergillosis that included CMV 

seropositivity [73]. A study performed among Polish 

foetuses and neonates reported increased risk of 

infection with 1486 T>C and 2848G>A SNPs on the 

TLR9 gene [74]. Polymorphisms that are associated 

with increased susceptibility to CMV infection involve 

a nucleotide change which results in a less potent 

protein being produced [72]. In contrast, Jablonska et 

al. reported no association between polymorphism in 

the TLR2 (1350T>C, 2258G>A) and TLR4 (896A>G 

and 1196C>T) genes and risk of cCMV infection 

among infants, but reported a decreased CMV infection 

risk in adults carrying the TLR2 2258A allele [75]. 

Polymorphisms in the TLR genes that confer protection 

against CMV infection encode potent and relatively 

highly functional TLR proteins. 

NK cells expressing the human leukocyte antigen 

(HLA) E-binding receptor NKG2C have been found to 

be particularly important for CMV control [76–77]. A 

deletion in NKG2C, a gene that encodes for the NKG2C 

receptor protein has been associated with decreased 

absolute number of NKG2C+ NK cells, with a 

decreased expression of NKG2C receptors on the NK 

cell surface as well as lower activation and 

degranulation of NKG2C+ NK cells. Studies have found 

transplant patients who are heterozygous or 

homozygous for the deletion to be at an increased risk 

of CMV reactivation and symptomatic CMV disease 

after immunosuppressive therapy [78]. It is important to 

note that the allele and genotype frequencies of the 

NKG2C deletion differ across populations [79] and so 

findings may not be generalised. Genetic findings 

should therefore be population-specific especially 

considering the genetic differences between Africans 

and other world populations, and the extensive genetic 

diversity within Africa. Of note is the high prevalence 

of the NKG2C deletion among African population 

compared with other populations. The NKG2C 

genotype frequencies further demonstrate a striking 

difference between East and West Africans [79]. 

Variation in genes encoding human leukocyte 

antigen (HLA) and killer cell immunoglobulin like 

(KIR) receptors have also been widely implicated in 

susceptibility or resistance to infection and disease 

progression of various viruses due to their critical role 

in immune regulation [80]. Considering that CMV has 

an extensive repertoire of mechanisms for immune 

evasion, polymorphisms in genes encoding proteins 

involved in the immune cascade such as IL, IFN and 

TNFα may play a role CMV infection [81]. However, 

relatively little is known about genetic predisposition to 

CMV infection and transmission, particularly in the 

African setting, yet knowledge of such genetic 

determinants may yield novel therapeutic targets for 

CMV. 

 
Gut microbiome profiles 

Gut microbiome profiles shape the microbial and 

immunological environment of the gut, hence indirectly 

protect against pathogenic infections and influence 

immune responses [82–83]. An altered microbiome has 

been associated with an increased risk of disease 

acquisition, with some bacterial species being 

protective against infection while others have a more 

pro-inflammatory effect. Gut microbiome dysbiosis in 

pregnancy may weaken immunity, thereby facilitating 

antenatal infections such as CMV which place the 

developing foetus at risk [84–85]. In addition to the 

possible pregnancy induced microbiome dysbiosis, 

CMV replication in the gut epithelia has been 

associated with disruption of the tight junctions of the 

gut epithelia which results in increased intestinal 

permeability [86]. This effect of CMV on the intestinal 

epithelia has been found to be partly mediated by the 

CMV-induced proinflammatory cytokine IL-6. The 

effect of CMV on the integrity of the gut epithelia has 

been described in HIV-coinfected individuals [87], 

leading to disruption of the gut barrier and microbial 

translocation, which in turn fuel immune activation and 

inflammation and result in poorer outcomes [83]. CMV, 

independent of HIV, results in the tight junction 

disruption as treatment with letermovir, an anti-CMV 

drug, dampens the effects of CMV on the gut by 

restoring the epithelia [87]. As such, CMV infection 

may be associated with certain aberrations in gut 

microbiome profiles [88]. A recent longitudinal study 

found that gut colonisation by Staphylococcus aureus 

was protective against early acquisition of CMV 

infection [89]. Barton et al. reported that latent CMV 

infection confers protection against symbiotic bacterial 

infection [90], further emphasizing the possible role of 

CMV on the normal gut flora. However, none of the 

studies reviewed here investigated possible 

relationships between CMV infection and gut 

microbiome profiles, so this represents an important 

area for future research. 

 
Immune activation 

Immune activation is characterised by chronic 

inflammation and stimulation of immune cells, which 

in turn secrete inflammatory factors such as cytokines 
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and chemokines in response to infection or immune 

dysregulation [91]. In addition, there is sustained 

immune cell proliferation which exhausts naïve 

immune cells. This immune environment facilitates 

inflammation and viral replication in host cells, hence 

increasing chances of viral shedding into the mucosa 

and body fluids. CMV has been described as a disease 

of inflammation in pregnancy [92], but the dynamics of 

immune activation, CMV DNAemia and CMV 

acquisition/transmission are unknown. In the study 

carried out among Kenyan HIV-infected infants, 

mentioned earlier in this review, the CMV-induced 

increase in T-cell activation and apoptosis observed 

could potentially be a marker of CMV-induced immune 

activation [51]. Also, since CMV has been found to 

have a synergistic intracellular co-activation with HIV, 

it is possible that CMV is also sustained by chronic 

immune activation [47]. The ability of CMV to evade 

host innate immunity may also implicate CMV 

infection in chronic immune activation. Interestingly, 

chronic immune activation is associated with gut 

microbiome dysbiosis [85]. However, not much work 

has been done into investigating the role of chronic 

immune activation in sustaining CMV infection. 

 

Conclusion 
The risks of CMV infection and reactivation are 

determined by a variety of host, viral and environmental 

factors. However there still is a knowledge gap on the 

extent to which these various factors are operating in 

Africa, especially compared with the developed world, 

yet Africa is one of the regions with the greatest CMV 

burden. In the absence of a vaccine, it would be 

worthwhile to develop more rigorous and sensitive 

diagnostic tools, especially targeting women in the 

reproductive-age group, who have the greatest potential 

risks for CMV acquisition and reactivation with the 

consequent risk of vertical transmission. The initiation 

of CMV education to women by the American Medical 

Society resulted in a drastic decrease in CMV 

prevalence [93]. It might therefore also be valuable to 

educate African women on the possible effects of 

maternal and congenital CMV infection and the 

necessary steps to avoid acquisition and transmission to 

the fetus and neonate, wherever and whenever possible. 

Most of the studies investigating the role of HIV in 

CMV infection were carried out prior to the roll-out of 

the universal Option B+ (lifelong ART regardless of 

CD4+ Tcell count) by the WHO. The role of ART in 

CMV reactivation and risk of cCMV in HIV exposed 

children remains unclear. Studies on the potential role 

of ART in reducing risk of cCMV among HIV exposed 

infants are especially needed in Africa where there is a 

high burden of HIV. High birth rates of HIV exposed 

children who have been described to be more prone to 

disease and disability compared to their HIV-uninfected 

counterparts also necessitates these studies. This is 

further emphasized by several studies which have 

reported cCMV rates of between three and 11% in HIV 

exposed infants, potentially contributing to hearing loss 

and other disabilities in HIV-exposed children. As 

reviewed by Manickal et al. [1], in South Africa alone, 

over 18,000 infants are estimated to be born with cCMV 

infection each year [1]. In addition to the HIV burden, 

a study by Slyker et al. reported a discrepancy in the 

rate of CMV DNA detection in plasma, cervical 

secretions and breast milk samples [94]. This points to 

the possibility of missing potentially transmitting 

mothers using only the widely-used plasma samples. 

Hence, there is need for more studies exploring 

methods of detecting CMV in different body 

compartments in the pregnant women and determining 

their predictive value for vertical transmission, so as to 

curb the burden of cCMV and its disabling effects for 

African children. 
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