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ABSTRACT 

Cytomegalovirus (CMV), Herpes simplex-2 virus (HSV-2) and Rubella virus infections 

in pregnant women can result in undesirable neonatal outcomes. Determination of the 

susceptibility levels among pregnant women as well as factors influencing their 

susceptibility is an important first line approach to assessing at-risk individuals who then 

become the main target of any health interventions. A cross sectional study was carried 

out at the Komfo Anokye Teaching hospital (KATH), Kumasi to investigate the 

seroprevalence of CMV, HSV-2 and Rubella virus infections and associated probable 

factors influencing susceptibility levels among pregnant women attending the antenatal 

clinic. Structured questionnaire were administered to obtain socio-demographic data and 

Enzyme Linked Immunosorbent Assay, ELISA (Human diagnostic worldwide-Germany) 

was used to investigate the presence of IgM and IgG antibodies to CMV and Rubella. 

Only IgG antibody to HSV-2 was investigated. The seroprevalence of IgG antibodies to 

CMV, Rubella and HSV-2 was 95.60%, 92.31% and 68.13% respectively while the IgM 

antibodies to CMV and Rubella was 38.46% and 6.59% respectively. Age, parity, 

educational background and the use of protection during sex were factors that did not 

seemed to influence the acquisition of these infections even though it was observed that 

infectivity increases with age and number of delivery with individuals of basic or no 

education backgrounds becoming more susceptible.  However, a small number of the 

subjects were susceptible to the rubella virus as majority of them already had antibodies 

and very few of them had either recent infection or reinfection and therefore were positive 

to both IgM and IgG antibodies. Nevertheless, none of the other associated factors such as 

history of miscarriage and or stillbirth, exposure to children (under 3), history of blood 

transfusion, sex with protection and oral sex practice had any association with CMV, 

Rubella and HSV-2 infection in this study. The results from this study revealed a very 

high seroprevalence of CMV, HSV-2 and Rubella among pregnant women which implies 

only few remain susceptible to primary CMV, Rubella and HSV-2 infections. This is 

good news since very few pregnant individuals are less likely to transmit these viruses to 

their foetuses. Further studies in newborns to determine abnormalities that result from 

primary infection in susceptible pregnant women would be worth carrying out.



 

CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

Children born with some deformities or disabilities or who develop disabilities later in 

life has been documented in the world over and this have become a major public health 

concern. These disabilities may be the result of exposure to congenital infections from 

certain microorganisms including viral infections during pregnancy (Jamison et al., 

2006). Three of such viral infections include the Cytomegalovirus, Rubella virus and 

Herpes simplex virus type 2. When these viruses infect immunocompetent individuals, 

their outcomes are usually mild and in most cases are asymptomatic or without any signs 

or symptoms. This has contributed to majority of infected individuals being unaware of 

their infection status (Brooks et al., 2010). However, when such infections occur in 

pregnant women especially at certain stage of gestation, these viruses are able to cross the 

placenta and infect the foetus causing foetal damage thereby resulting in spontaneous 

abortion  (miscarriage), stillbirth  and wide range of malformations in newborns such as 

hearing loss, mental retardation, developmental delay, cerebral palsy, epilepsy, ocular 

abnormality, microcephaly, hydrocephaly, hydranencephaly (absence of the cerebral 

hemispheres), porencephaly (cavities in the brain), heart disease, cataract, intracranial 

calcification, microphthalmia, chorioretinitis, skin aplasia (failure of skin to develop), 

skin lesions, and psychomotor retardation (Ross & Boppana, 2005; Atreya et al., 2004; 

Jones, 2003).  

The ability of these viruses to cross the placenta, infect the foetus and cause damage 

depends, among other things, on the mother‘s immune status against the specific virus 

(Mendelson et al., 2006). Although primary infections during pregnancy are known to be 
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significantly more damaging than secondary infections or reactivations, the trimester in 

which the infection occurred is also a determining factor. In the case of CMV and rubella, 

primary infection during the first trimester of pregnancy is very critical while that of 

HSV-2 is more serious during late pregnancy (Kimberlin, 2007; Edlich et al., 2005; 

Eskild et al., 1999) 

Several studies carried out to determine the prevalence of these viral infections among the 

pregnant population has revealed high numbers of these infections among pregnant 

women. It has been reported that in Africa, about 80% of pregnant women are already 

immune to rubella virus while close to 100% of them would have antibodies to CMV  

with between 30-80% also having antibodies to HSV-2 (Weiss, 2004; Ho, 1990; 

Gomwalk & Ahmad, 1989). However, the intention of these studies has always been to 

determine susceptible pregnant women and to direct an appropriate health intervention 

towards them so as to curb any detrimental outcome.  

 

Among the three viruses, vaccines are only available for rubella. Nevertheless, once 

infected with CMV, Rubella virus and HSV-2, antibodies produced offers some 

protection to the mother and also prevent or reduce the viral transmission to the foetus 

thereby preventing disabilities in newborns. With this in mind, several developed 

countries continue to see the pressing need to carry out research on these viruses in 

pregnant women to identify susceptible ones. Some of these countries even routinely 

screen pregnant women during their visit to antenatal clinic (ANC) for TORCH; an 

acronym for Toxoplasmosis, Rubella, Cytomegalovirus and HSV-2 as well as other 

pathogens such as Treponema pallidum which can cause harm to the fetus (Kaur et al., 

1999). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gomwalk%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
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The focus of this study therefore was to determine the susceptibility levels among 

pregnant women as far as these viruses are concerned by looking for individuals with no 

antibodies to these viral infections among the participating subjects. The study also 

assessed some associated risk factors that increase the infection rate among pregnant 

women. This would not only provide current information on the numbers of pregnant 

women at risk of these viral infections but also provide some useful information for 

health promotion activities.  

 

1.2 Problem Statement 

In recent years, there has been an increase in genital herpes (HSV-2) as well as in the 

prevalence of CMV and rubella in the general African population (Weiss, 2004; Mbizvo, 

2002; Cusini & Ghislanzoni, 2001). Though this on the positive note suggests a reduced 

number of susceptible individuals including pregnant women, there are still some reports 

of congenital infections with their consequent abnormalities in newborns which usually 

occur in primary infection among the few susceptible pregnant subjects (Lawn et al., 

2000). For example, in the United States, the HSV-2 seroprevalence has increased since 

1970 by 30%, where currently, one out of five adults is infected (Cusini and Ghislanzoni, 

2001; Fleming et al., 1997). Comparing to the developing countries, significantly higher 

rates of HSV-2 have been observed in sub-Saharan Africa, where prevalence among 

adults spans from 30% to 80% in women and 10% to 50% in men (Weiss, 2004). Unlike 

HSV-2, the prevalence of CMV has been reported to be very high among some African 

population with Nigeria recording about 97.2% of CMV seropositivity among pregnant 

women (Akinbami et al., 2011) while that of Western Sudan is about 72.2% CMV 

infected pregnant women (Hamdan et al., 2011). In Ghana, studies carried out on the 

general population excluding pregnant women reported of 77.6% seropositivity (Adjei et 
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al., 2008) and 93.3% among voluntary blood donors (Adjei et al., 2006). Almost the same 

observation was made with Rubella virus investigations. However, unlike CMV 

investigations, a study on Rubella infection in pregnant women was once carried out more 

than a decade ago where the prevalence was reported to be 92.6% (Lawn et al., 2000). 

Globally, the incidence of rubella infection has been reduced as a result of the 

introduction of the Rubella vaccine years ago. However some African countries including 

Ghana have not yet included rubella vaccine in their routine childhood immunization 

program and it is therefore not surprising to see high prevalence of the infection in these 

countries. In Mozambique, the incidence is about 95% (Barreto et al., 2006) while in 

Western Sudan a prevalence of 65.3% has been reported among pregnant women 

(Hamdan et al., 2011). Most of these African countries like Ghana, vaccinate children 

against Measles and Mumps and not Rubella. Unlike most African countries, most 

advanced countries combine these two vaccines (measles and mumps) with the Rubella 

vaccine commonly known as Measles Mumps Rubella (MMR) vaccine in their 

immunization programs. This has resulted in massive reduction and elimination of rubella 

and CRS in most of these countries (Peltola et al., 2008; Best, 2007; Lee & Bowden, 

2000; Cutts & Vynnycky, 1999). Investigating therefore into the susceptibility levels of 

these viruses in pregnant women as well as some considered factors that seem to increase 

their susceptibility to these infections is worth carrying out since it would provide a 

current epidemiological data on these infections which would be helpful in health 

promotion activities.  

 

1.3 Justification and Relevance of study 

Cytomegalovirus, Rubella virus and Herpes Simplex-2 virus are typical viral pathogens 

that cause congenital infections in pregnant women and thereby cause foetal or neonatal 
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abnormalities with high foetal morbidity and mortality. The basic epidemiological 

information concerning these infections including their prevalence and some associated 

factors that increases the susceptibility of pregnant women to these infections is helpful to 

health planners, care providers and also for health promotion activities (Hamdan et al., 

2011). In Ghana, screening pregnant women for these infections are only carried out upon 

a Clinician‗s request. This has also contributed to lack of data on the prevalence of these 

viruses in pregnant women in Ghana. Evidence from several studies indicates that 

susceptible pregnant women are more prone to giving birth to infants with abnormalities 

caused by these viruses in first time exposure than their counterparts who already have 

antibodies to these infections. Therefore, a study to determine the susceptibility levels 

among pregnant women and some associated factors increasing their susceptibility rate is 

inevitable. This study is therefore to determine prevalence of these viruses among 

pregnant women and it is to extend the few studies that have been carried out on the 

general population.  

1.4 Objective of the Study 

The study was aimed at determining the current susceptibility levels of Cytomegalovirus 

(CMV), Rubella and Herpes Simplex-2 Virus (HSV-2) infections and some considered 

associated factors that influence susceptibility in pregnant women attending the Komfo 

Anokye Teaching Hospital (KATH), Ghana, for antenatal care (ANC) services.  

1.4.1 Specific Study Objectives 

The specific objectives of the study were; 

1. To determine the seroprevalence of Cytomegalovirus, Rubella and Herpes 

simplex-2 virus in pregnant women who visit the Komfo Anokye Teaching 

Hospital for antenatal care. 
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2. To determine pre-disposing risk factors to these infections. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 CYTOMEGALOVIRUS 

2.1.1 Historical Background 

The Cytomegalovirus (CMV) is a β-herpes virus, belonging to the family herpesviridae, a 

large group of double-stranded enveloped DNA viruses (Brooks et al., 2010; Mendelson 

et al., 2006). Cytomegalovirus is the largest member of this herpes virus family. More 

than 150 members of the herpes family have been identified to date and in humans, eight 

different herpes viruses are known. Five of these viruses are usually known by their 

common names: Herpes Simplex Virus type 1 and type 2 (HSV 1 & 2), Varicella Zoster 

Virus (VZV), Human Cytomegalovirus (CMV) and Epstein Bar Virus (EBV) instead of 

their official names: Human Herpes Virus 1 to 5. The other three which include Human 

herpes viruses 6, 7 and 8 are still known by their official names because they have no 

other names (Brooks et al., 2010) 

 

 The characteristic cytomegalic cells of CMV disease were first noted by Ribbert in 1881 

in the kidney and parotic glands of a syphilitic neonate, and confirmed by Jesionek and 

Kiolemenoglu in 1904 but for a long time the disease was thought to be of protozoan 

nature. Other researchers later detected similar cells in other infants and saw remarkable 

similarities of these cells to those seen in herpes zoster and herpes simplex-2. The term 

''salivary gland virus'' was coined as a result of the prominence of these cells in salivary 

glands and in 1926 a guinea pig model of salivary gland virus disease confirmed the viral 

agent of this disease as transmissible through saliva. As knowledge and experience 

advanced, a neonatal illness with petechiae, hepatosplenomegaly, and brain calcifications 
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was characterised and correlated with the presence of cytomegalic cells. Wyatt et al. 

(1950) coined the term ―generalised cytomegalic inclusion disease‖. Fetterman (1952) 

having heard of the presence of the viral inclusions in kidney tubules cells begun using 

urine as a sample for diagnosis especially in infants. Weller et al. (1957), Smith (1956) 

and Rowe et al., (1956) isolated the virus giving credence to reports of earlier researchers. 

Weller et al. (1970) proposed the term "cytomegalovirus" for this viral agent, from two 

Greek words cyto meaning cell and megalo, meaning large as a results of the cytopathic 

effect in cell culture and subsequently isolated CMV from the urine of infants with 

generalised disease (Riley, 1997). 

 

Numerous diseases were detected to be associated with CMV in the mid-1950s and 

1980s, and connection between congenital CMV infection, deafness and cognitive 

difficulties later in life were also established. Correlation between CMV and CMV- 

mononucleosis, transmission of CMV via transfused blood during cardiac surgery and 

CMV disease in transplant and AIDS patients (Ho 2008; Riley 1997) also followed later. 

 

2.1.2 Biology of Cytomegalovirus  

The CMV is species-specific and has been isolated from many animal species. However 

the human CMV is believed to exist in only human, that is humans are the only reservoir. 

The CMV (also known as herpes virus 5) has characteristic herpes viral appearance with a 

central double stranded DNA genome of about 235 thousand base pairs which is 

surrounded by an icosahedral capsid composed of 162 capsomeres (Brooks et al., 2010). 

The capsid is surrounded by a region called the tegument which is also surrounded by a 

loose envelope containing embedded viral glycoprotein complexes (Brooks et al., 2010; 

Davison & Bhella, 2007). The tegument is composed of about 20 proteins which includes 
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Phosphoprotein 65 (pp65), pp150 etc., with pp65 being the major representative. These 

proteins are highly immunogenic and capable of deregulating the cellular cycle of the 

host cell. The pp65 is of special interest because it is used as a diagnostic tool in the pp65 

antigenemia assay. Pp65 can be found in the nuclei of a small fraction of 

polymorphonuclear granulocytes in active infection. These granulocytes have acquired 

the pp65 from infected endothelial cells (Kas-Deelen et al., 2001; Grefte et al., 1994). 

Upon in-vitro infection, the pp65 protein is transported to the nucleus of infected 

fibroblasts immediately after fusion of the virion with the cell membrane.  

 

Figure 1: Basic structure of a mature CMV virion, dsDNA–double stranded DNA 

Source: http://www.intechopen.com/source/html/42576/media/image1.jpeg 

 

2.1.3 The immune system and Cytomegalovirus 

After an individual is exposed to the CMV for the first time (primary infection), CMV 

IgM antibodies are produced and persist for 3 or 4 months, however it can also be 

produced during recurrent infections (reactivation and reinfection) (Lazzarotto et al., 

2008). CMV IgG antibodies on the other hand are produced after occurrence of the 

infection and remains throughout life (Giessen et al., 1990). The IgG antibody usually 

indicates past CMV infection. After the infection, host defence in immune-competent 
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individuals combines both cellular and humoral immune responses against the virus 

thereby preventing severe CMV disease in the vast majority of infections (Mendelson et 

al., 2006). As a result of the combined defence especially due to cellular immune 

response, infected cells are destroyed and therefore further replication and dissemination 

of the virus are halted. The virus enters a stage of latency and may be reactivated during a 

state of decreased immunity which can be by the use of immunosuppressive drugs 

(Sissons et al., 2002). Reinfection with a second strain or reactivation of latent CMV 

when occurs result in active CMV infection (Sissons et al., 2002; Baldanti et al., 1998a). 

While CMV persistently infects most cell types during active infection, it appears to 

remain latent in myeloid lineage cells (Sissons et al., 2002; Slobedman & Mocarski, 

1999). These myeloid precursor cells differentiate to peripheral blood monocytes and 

factors associated with differentiation can lead to the reactivation of CMV (Streblow & 

Nelson, 2003; Hummel & Abecassis, 2002). 

 

In the case of maternal past infection, some protection has been reported of foetus and 

therefore not all maternal infection results in foetal transmission and damage. Only 35–

50% of maternal primary infections and 0.2–2% of secondary infections lead to foetal 

infection, out of which only 5–15% in primary infection and about 1% in secondary 

infections are clinically affected (Raynor, 1993; Boppana et al., 1992; Stagno et al., 

1982). Nevertheless, protection due to maternal antibodies can also be overcome by 

reinfection of CMV-seropositive women with a second CMV strain during pregnancy, 

resulting in transmission and possible symptomatic infection (Boppana et al., 2001). The 

importance of the humoral immune response is also demonstrated by CMV specific 

antibodies reducing the generation of pp65 positive granulocytes by inhibiting uptake of 
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pp65 from infected endothelial cells in vitro (Kas-Deelen et al., 2001) but the role of the 

humoral immune response to CMV infection is yet to be fully understood. 

 

2.1.4 Epidemiology of Maternal and Congenital CMV infection 

The virus is known to be transmitted by several ways including direct contact with saliva 

(kissing), breast milk, urine, blood, cervical secretions and semen (Kenneson & Cannon, 

2007; Yamanishi et al., 2007; Jones, 2003; Demmler, 1991). The ubiquitous nature of the 

organism and the variety of media by which it can be carried and transmitted probably 

has made it one of the most prevalent viral infections in the world. The occurrence of 

CMV has been observed to increase with age, but the patterns of its acquisition vary 

significantly among different populations according to geographic location, sexual 

behaviour, breast feeding and socioeconomic factors (Kenneson & Cannon, 2007; Ross & 

Boppana, 2005; Jones, 2003; Demmler, 1991). 

 

Generally, prevalence of CMV infection is higher in developing countries and among 

those with a low socioeconomic status (Suarez et al., 1994). Seroprevalence from 

individuals in North Africa is 84.0% (Green et al., 1993) while in West Africa, for that 

matter Ghana, there are limited epidemiological data on CMV especially among pregnant 

subjects; the very scanty data available only reveals the prevalence among the general 

Ghanaian population which is reported to be 77.6% (Adjei et al., 2008) while among 

Ghanaian blood donors, the figure is estimated to about 93.3% (Adjei et al., 2006). This 

suggests low levels of susceptibility among the above mentioned Ghanaian groups. 

However, the prevalence and susceptibility levels in pregnant women are not known. In 

Asia, the infection prevalence is 74% (Green et al., 1993) with Thailand having one of the 

highest prevalence of almost 100% (Wang et al., 2000). The infection rate however, is not 
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as high in the developed countries as compared to the under-developed and developing 

countries and even infections that occur in the developed countries are usually prevalent 

among those of low socio-economic class (Suarez et al., 1994) probably because of 

crowding living condition as well as poor hygiene practices believed to be practiced by 

individuals of low socio-economic status and by individuals in under-developed and 

developing countries. In the United States for instance, 40% to 60% of children of low 

socio-economic status are infected before the age of 6, and by age 20 to 25 years, almost 

80% to 100% have acquired the infection (Staras et al., 2006; Betts, 1983).  However 

among middle-upper class adults only 40% to 60% are CMV seropositive (Yow et al., 

1988). Conversely, developed countries such as Germany and England have even lower 

prevalence of 45% and 54% respectively (Hecker et al., 2004; Tookey et al., 1992). 

These unlike their African counterparts indicate high susceptibility levels in these 

countries. Nevertheless the rate of infection is reduced in these nations probably because 

of high socio-economic status of it inhabitant as well as good hygiene practices in these 

countries. 

 

Again, most developed countries have seen the pressing need for devoted research into 

the prevalence of the virus among pregnant women. In this case, they are able know 

susceptible pregnant women and direct an appropriate intervention towards them so as to 

prevent primary maternal infection during pregnancy. Other developing African countries 

have followed suite, where in Nigeria the current prevalence among pregnant women is 

estimated to be 97.2% (Akinbami, et al., 2011), that of Western Sudan is about 72.2% 

(Hamdan et al., 2011). 
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CMV can be transmitted vertically in three different ways; transplacental, intrapartum or 

breastfeeding (Ross & Boppana, 2005). Congenital infection generally occurs when CMV 

is transferred across the placenta from a CMV-infected mother to the foetus. The 

trimester in which CMV infection and transmission occurs appears to influence the 

clinical outcome. Maternal seroconversion during the third trimester results in high 

transmission rates but has low incidence of neurological sequelae (Gindes et al., 2008; 

Munro et al., 2005). 

 

However, congenital CMV infection in the first trimester is more likely to cause 

neurological sequelae, particularly sensorineural hearing loss (Pass et al., 2006). 

Congenital CMV infection like that of maternal CMV infection is more prevalent in 

under-developed countries and among lower socio-economic groups in developed 

countries, where crowding and over population is more common. The infection occurs in 

approximately 0.2%-2.5% of all live births (Pass, 2002; Lagasse et al., 2000; Stagno, 

1999; Nelson & Demmler, 1997; Hicks et al., 1993). Not all CMV-infected infants suffer 

adverse outcomes due to congenital CMV infection. Symptomatic CMV infection at birth 

with long term neurological sequelae, such as developmental delay and hearing loss, 

occurs in 10 to 25% of congenital CMV cases (Ross & Boppana, 2005; Boppana et al., 

1999). A further 10% of asymptomatic at birth, CMV-infected infants will develop 

symptoms during infancy (Ross & Boppana, 2005). Sensorineural impairment is common 

and often occurs in up to 65% of symptomatic congenital CMV infection and 5 – 10% of 

asymptomatic infections, which is significantly higher than impairment in the general 

population which is about 0.1 – 0.4% (Ross & Boppana, 2005; Fowler et al., 1997; 

Whitley et al., 1997; Williamson et al., 1990). 
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Though, both primary and recurrent infections in mothers during pregnancy may result in 

congenital CMV infection, primary infections are more likely to result in congenital 

infection than recurrent infection. It is estimated that the transmission rate in the former is 

about 32-40% whereas that of the latter is about 1-3% (Kenneson and Cannon, 2007; 

Enders et al., 2001; Peckham et al., 2001; Adler, 1999). 

 

2.1.5 Associated factors for Maternal CMV infection 

Several factors have been associated with CMV susceptibility, both at infancy and at 

child bearing ages (maternal age). These include the geographic location, maternal socio-

economic status, occupation, race, age and parity among other factors (Sheevani et al., 

2005). Research has shown that behaviours that expose an individual to body fluids 

known to be a medium of CMV transmission also contribute to the risk of infection. The 

virus can be found and therefore  isolated from urine, saliva, cervical and vaginal 

secretions, semen, breast milk, tears, blood products and transplanted organs (Kenneson 

& Cannon, 2007; Yamanishi et al., 2007; Jones, 2003; Bowden, 1991; Demmler, 1991;) 

which when exposed to increases ones susceptibility. Individuals living under crowded 

conditions with low socio-economic status and poor sanitation common in developing 

countries have high prevalence to CMV infection while among young adults; sexual 

activity (behaviour) has been ascertained to be one of the main factors of CMV infection 

(Zanghellini et al., 1999; Fowler & Pass, 1991; Sohn et al., 1991; Collier et al., 1990).  

 

However, young females who have had exposure to infants particularly between the ages 

of 3 and below have also been showed to have high seroprevalence than their counterparts 

who have not had exposure to infants (Stadler et al., 2012). This is also true for both 

parent and pregnant women who have had exposure to children who are either their own 
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or not, both at home and at work (American Academy of Paediatrics, 2003; Chin, 2000; 

Boppana et al., 2001). Once infected, children less than 3 years of age excrete virus in 

both saliva and urine for an average of 24 months and therefore seronegative women not 

excluding pregnant women who have contact with young children are more likely to 

become infected than are women who do not. This makes infants and children important 

sources for the spread of CMV. The infection has also been demonstrated to be 

transmitted sexually. Thus, studies have proved that the number of sexual partners also 

influences the chance of contracting the virus, increased sexual partners increases the risk 

(Robain et al., 1998; Collier et al., 1990). Pregnant women may also have a higher risk of 

acquiring infections because of pregnancy-induced immune depression (Yip et al., 2006). 

The daily activities that put the pregnant women, mothers and workers of day care centres 

exposed to children to risk includes touching, changing of diapers, washing and feeding 

of young children (Stadler et al., 2012). CMV has also been known to be the significant 

cause of transfusion-acquired infections in patient populations even though transmission 

by blood is rare; about 3 - 5%, studies still reveals that transmission of CMV by blood 

still occurs (Roback, 2002).  Several studies have revealed very high seroprevalence 

among subjects with history of blood transfusion as well as high seroconversion rate and 

prevalence among blood donors (Ojide et al., 2012; Adjei et al., 2006; Hecker et al., 

2004). 

 

2.1.6 Clinical presentation, treatment and management of Cytomegalovirus 

infections  

The virus is usually known to cause a mild and self-limiting disease and treatment 

became essential when the virus was observed to cause severe disease in 

immunocompromised individual such as those with the human immunodeficiency virus 
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(HIV), patients of organ transplants and neonates of infected mothers as a result of 

congenital infection (Ahmed, 2011). The CMV is an opportunistic pathogen and causes 

severe illness in the above mentioned group and has a very high tendency of resulting in a 

significant morbidity and mortality (Sun et al., 2008; Arthurs et al., 2008; Li et al., 2007). 

After the incubation period, that is 4-8 weeks, most infected persons within the general 

population would not show any signs or symptoms of the infection; would be 

asymptomatic  and only few individuals probably show signs of infection including flu-

like symptom, CMV hepatitis, encephalitis, intestinal pneumonitis, retinitis and 

mononucleosis-like syndrome (Emery, 2001; De Jong et al., 1998; Studhal et al., 1992), 

but in the group most at risk, the severity may result in neurological defects, mental 

retardation, deafness and other defects in newborns whereas immuno-compromised 

patients like HIV patients and organ transplants patients may suffer severe diseases and 

even death.  

 

Currently the well-known antiviral drugs for the treatment of CMV infections includes 

Ganciclovir, Valganciclovir, Foscarnet and Cidoforvir which are also being explored for 

the treatment of congenital CMV infections (Harter & Michel 2012; Ahmed, 2011). The 

availability of these antiviral drugs has provided major advances in the treatment and 

prevention of CMV infection as well as significantly improving the outcomes for 

immunocompromised host. 

Prevention they say is better than cure and though prevention of the CMV infection may 

seem almost impossible due to the ubiquitous nature of the organism, efforts made in 

preventing primary maternal infections as well as congenital CMV infections is directed 

towards avoiding all possible factors that put mothers and pregnant women at risk of 

acquiring the infection. This may include adapting proper hygienic practices for 
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susceptible pregnant women, avoiding exposure to children, administration of CMV 

hyper-immune globulin to pregnant women with a primary infection (Buxmann et al., 

2012; Onorato et al., 1985) and vaccines administered to girls or women before 

pregnancy. However vaccines studies for CMV are still ongoing. 

 

2.1.7 Laboratory diagnosis of CMV 

2.1.7.1 Serological method  

Prenatal screening for antibodies to CMV together with some other agent such as T. 

gondii is a routine practice in some parts of the world (Kaur et al., 1999), commonly 

referred to as TORCH. Despite the significant cause of morbidity and mortality 

worldwide, by these microbial agents, widespread implementation of screening 

programmes has been queried due to several factors, including lack of consistent and 

reliable serologic methods, cost, and misinterpretation of results (Abdel-Fattah et al., 

2005; Khan et al., 2000; Garland & Gilbert 1993).  

 

Despite these considerations, serologic testing for CMV has been shown to be a valuable 

diagnostic tool when ordered judiciously. The detection of IgM antibodies in maternal 

sera though helpful However this is not without complications because though the 

presence of IgM antibodies to CMV occurs in all primary infections except in some 

immuno-compromised individuals, They may also be present during reactivation from 

latency or reinfection (secondary infection) with different strains and can also remain for 

months (Lazzarotto et al., 2008) and therefore detection of IgM to CMV in a particular 

serum sample is not conclusive for a primary CMV infection (Stuart et al., 2007; Deyi et 

al., 2000). Also, the mere presence of IgG class of antibodies to CMV in pregnant women 
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for instance is not enough to differentiate between past exposure (i.e., low risk of 

congenital infection) and recent, acute infection (i.e., increased risk of congenital 

infection).  

The recommended method for serological diagnosis of asymptomatic maternal primary 

infection is seroconversion, this is however rare because universally, serial serological 

screening of pregnant women is not done in any part of the world. Antibody avidity is so 

far the best practical method of diagnosing maternal primary infection apart from 

seroconversion (Lazzarotto et al., 2008) and therefore combining antibodies to CMV IgM 

and low avidity ant-CMV IgG makes it the most accurate means of diagnosing maternal 

primary infection. Foetal CMV infection can be effectively be diagnosed detection of 

IgM in fetal blood after a positive PCR test on Amniotic fluid especially after 21 weeks 

gestation (Fabbri et al., 2011). However, diagnosis of foetal CMV IgM antibodies alone 

cannot predict whether the newborn will be symptomatic or not, but the detection of other 

non-viral factors such as Beta-2 microglobulin and platelet counts as well as ultrasound 

examination is able to reveal foetal abnormalities which in most cases is evident or 

indication of potential symptomatic fetus (Fabbri et al., 2011; Guerra et al., 2008; Nigro 

et al., 2005). 

2.1.7.2 Virus isolation in tissue culture 

Tissue culture has been considered as the gold standard in detecting foetal infection with 

100% specificity (Mendelson et al., 2006). Culture is usually done on the amniotic fluid 

using either primary cell lines such as human embryonic cells and human fore-skin cells 

or continuous culture such as MRC-5 and WI-38 cells (Hodinka, 1999). CMV produces a 

typical CPE which is recognisable within an average time of 10 – 30 days (Leland & 

Ginocchio, 2007). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Leland%20DS%5Bauth%5D
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2.1.7.3 Detection of CMV by PCR 

PCR has become the preferred method for rapid viral diagnosis in recent years but the 

major limitation is the possible contamination leading to false positive results (Mendelson 

et al., 2006). The PCR makes use of several components or instruments for DNA 

extraction, amplification and gel electrophoresis and though it is generally agreed that 

PCR for CMV is more sensitive than virus isolation in tissue culture, finding CMV in 

amniotic fluids itself is not enough to confirm fetal infection and therefore other clinical 

examination such as ultrasonographic examination is important in confirming fetal 

infection that might result in fetal abnormalities although sometimes ultrasonography 

could also fail (Guerra et al., 2008). One other benefit with the use of PCR is that results 

can be repeated in the case of controversial results. The introduction of quantitative PCR 

based assays such as the real time PCR, sensitivity and specificity has been increased 

while contamination has been minimised especially during amplification (Boeckh et al., 

2004; Gouarin et al., 2004; Piiparinen et al., 2004). 

 

2.2: HERPES SIMPLEX-2 VIRUS 

2.2.1: History and Biology of Herpes Simplex -2 virus 

Herpes has been known for almost 2,000 years but the term Herpes Simplex only 

appeared for the first time in Richard Boulton's A System of Rational and Practical 

Chirurgery in 1713 and in the 1940s it was finally recognised as a virus. Since then 

several work has been done on the virus and a lot of information is known concerning the 

virus. The HSV-2 which is also known as human herpes virus-2 like the HSV-1, CMV 

and other members of the herpes family is a double stranded enveloped virus with a linear 

http://en.wikipedia.org/wiki/Richard_Boulton
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DNA genome. This virus belongs to Alphaherpesvirinae, a subfamily of the 

Herpesviridae family (Brooks et al., 2010; Ryan & Ray,   2004). The structure is no 

different from that of CMV and other herpes viruses. The major structural components 

that are evident as seen in other herpes viruses includes a central core containing the viral 

DNA, an inner core called the tegument that serves to join the envelope to  the capsid 

with the envelope consisting of viral glycoproteins and host cell membranes (Mettenleiter 

et al., 2006). 

 

 

Figure 2: Structure of Herpes Simplex Virus 

Source: 

http://www.bio.davidson.edu/people/sosarafova/Assets/Bio307/jehodge/page01.html 

 

 

2.2.2: Epidemiology of Maternal and Neonatal HSV-2 Infection 

Herpes Simplex Virus type 2 (HSV-2) is known to be the most common cause of genital 

ulcer disease worldwide (Cheng et al., 2000; Beyrer et al., 1999). The virus is primarily 

contracted during sexual intercourse, meanwhile many infected individual are ignorant of 

their infectious status in spite of symptoms (Andria et al., 1999; Brugha et al., 1997). 

Herpes simplex virus type 1 (HSV-1) has always been recognised as a infantile infection 
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which is usually passed on through non-sexual contacts or through oral route but in recent 

years, has been seen a major contributor of genital herpes cases and is therefore 

recommended that diagnosing genital herpes should involve testing for both HSV-1 and 

HSV-2 (Mendelson et al., 2006; Nilson & Myrmel, 2000). The highest occurrence of the 

HSV infections occurs in women in their childbearing age and therefore poses a risk of 

maternal transmission of the virus to the foetus or neonate; this has raise a major health 

concern (Cusini & Ghislanzoni, 2001).  

The occurrence of the infection also varies with different geographic settings. In 

advanced nations like the United States, a recent report from the CDC suggests an overall 

seroprevalence of 16.2% (CDC, 2010). This however shows a massive decline of the 

infection in the US as reported by early researchers that the infection is on the rise at least 

by 30%, making every one out of five individual positive to the infection (Cusini & 

Ghislanzoni, 2001; Fleming et al., 1997). Comparing the developing countries, higher 

seroprevalence of HSV-2 have been reported in sub-Saharan Africa, with prevalence in 

adult females ranging from 30% to 80% and while that of adult males range from 10% to 

50% (Weiss, 2004; Smith & Robinson, 2002). A study among volunteers coming for STD 

testing revealed that 87% of them were infected (Agabi et al., 2010). Earlier study in 

Zimbabwe reported an HSV-2 prevalence of 42.2% amongst women of childbearing age 

(Mbizvo, 2002) but a recent study by Munjora et al., 2010 in Zimbabwe indicates that the 

figure has increased to 49.1% and this confirms the increasing rate of the infection in the 

world especially in Africa (Munjora et al., 2010). However, in patients with decreased 

immunity like the HIV Patients and those with other STD's, higher prevalence has been 

recorded compared to the individuals within the general population. A latest study in 

Zimbabwe again showed a prevalence of 89.3% HSV-2 amongst HIV-1 infected 

participants as compared to 35.8% amongst the HIV-1 uninfected (Munjoma et al., 2010).  

http://jid.oxfordjournals.org/search?author1=Jennifer+S.+Smith&sortspec=date&submit=Submit
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Prevalence of the infection among pregnant women in the developed world though high, 

is lower than that in the developing countries and for that matter sub-Saharan Africa; it is 

reported that 22% of pregnant women in Senegal have the infection (Diawara et al., 

2008). In the Italy about 3% of women become infected with HSV-2 during pregnancy 

(Ciavattini et al., 2007) while in Norway, the figure is much lower; about 2.6% of 

susceptible women acquired HSV-2 infection during Pregnancy (Suligoi et al., 2000). 

Pregnant women who acquire the infection close to delivery are at high risk of 

transmitting the virus from cervix or lower genital tract to their newborns during vaginal 

delivery and this can result in serious consequences in the neonates; The risk of neonatal 

herpes infection varies from 30% to 50% when it occurred during late pregnancy (last 

trimester), whereas early pregnancy infection carries a lower risk of about 1% (Kimberlin, 

2007; Eskild et al., 1999; Brown et al., 1997). High transmission rate in late pregnancy is 

partly due to the adequate production of antibodies needed to combat viral replication 

before delivery. The most likely outcomes in neonatal herpes Infection include eye or 

skin lesions, meningoencephalitis, psychomotor retardation, or foetal malformations 

(Straface et al., 2012). Unlike as in the case of CMV and Rubella maternal infection 

Stillbirth is usually not associated with maternal herpes infection. The reason is that 

transplacental passage of the virus rarely occurs (Eskild et al., 2002) and in rare cases 

where transplacental passage occurs, it has been associated with spontaneous abortion, 

intrauterine growth retardation and preterm labour (Arvaja et al., 1999; Ciavattini et al., 

2007; Brown et al., 1997). 

 

2.2.3: Associated factors for Maternal HSV-2 Infection 

Several factors have been associated with the acquisition of genital HSV-2 infections. 

These factors increase the susceptibility of an individual to the infection. However, some 
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studies have considered some of these factors to be a risk factor while others have been 

merely considered as associated factors since their association with the acquisition of the 

infection were not statistically significant. Prominent among these factors are ones sexual 

behaviour or sexual orientation (Gupta et al., 2007; Paz-Bailey et al., 2007). Since the 

infection is sexually transmitted, it is not unusual to see higher prevalence among those 

with multiple sexual partners and also among individuals who engage or practice oral 

genital sex nevertheless the use of condom has been proved to reduce the risk of 

contracting the virus (Dipankar et al., 2011; Bucher et al., 2004; Jonsson & Wahren, 

2004) and is therefore recommended during pregnancy to avoid the infection. 

Age and sex is an important risk factors as far as genital herpes infections are concern; 

women are known to be prone to the infection than men and the prevalence of HSV-2 

infection have been observed to very low in childhood and early adolescent and increases 

with age, reaching the uttermost around 40 years of age (Dipankar et al., 2011; Cusini & 

Ghislanzoni, 2001). While early onset of sexually activities put people at higher risk of 

the infection, other studies have associated ethnicity, poverty, cocaine abuse, and 

bacterial vaginosis as factors that facilitate a woman‘s risk of infection before pregnancy 

(Cherpes et al., 2003; Gottlieb et al., 2002). HIV-1 among other sexual transmitted 

diseases is considered to be highly associated with high HSV-2 seropositivity. Genital 

ulcers caused by the HSV-2 increases the risk of HIV infection. A current study in 

Zimbabwe attests to this fact where 89.3% of HIV patient had antibodies to the 

(Munjoma et al., 2010). The income status as well as the level of education in a particular 

study was significantly associated with the acquisition of the infection (Dipankar et al., 

2011) 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Jonsson%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
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2.2.4 Immunity in Herpes simplex -2 virus Infection 

The virus transmitted by sexual means, first infects epithelial cells of the genital tract and 

migrates to nerve tissues; neurons of the sensory ganglia where they remain in a latent 

state (Straface et al., 2012). The virus is normally found in the lumbosacral ganglia and 

reactivation can occur during suppressed immunity (Gupta et al., 2001). Like CMV and 

rubella, IgM are produced during primary infection and also in recurrent infection, this 

usually last for few to several weeks while IgG are produced few days from the onset of 

primary infection last for lifetime. The presence of pre-existing maternal antibodies 

however only reduces fetal viral transmission to certain degree but does not prevent 

intrauterine or perinatal transmission of HSV-2 as in rubella (Peckham et al., 2001). The 

risk of transmission of the virus to the infant during child birth decreases from about 30-

50% in the case of maternal primary infection to about 1-3% in non-primary maternal 

infection (Anzivino et al., 2009; Brown et al., 2007) 

 

2.2.5 Clinical presentations in pregnant mothers and neonate, treatment and 

management of HSV-2 infection 

The infection may present no symptoms (asymptomatic) as it happens in many cases 

resulting in many infected individuals unaware of their infection status (Brugha et al., 

1997; Brown et al., 1997). In symptomatic cases clinical presentation of genital herpes 

usually occurs after an incubation of a period of 2–20 days and lasts up to 21 days (Cusini 

& Ghislanzoni, 2001; Desselberger et al., 1998). Presentations in women include 

blistering and ulceration of the external genitalia and cervix causing vulval pain, dysuria, 

vaginal discharge, and local lymphadenopathy (Desselberger et al., 1998). Primary 

infection can however result in complication when the infection becomes systemic; this 
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therefore results in symptoms such as fever, headache, and myalgia. Meningitis is one 

other complication that may occur but this rarely happens (Gottlieb et al., 2002; Suligoi et 

al., 2000).  

In neonate, the identification of the infection in the absence of vesicular rash has proved 

to be difficult however several studies have associated maternal primary HSV infection, 

maternal fever, vaginal delivery, postnatal HSV contact, vesicular rash (skin lesion) in 

mothers before or during pregnancy with possible neonatal infection which can result in 

any of the following presentations; chorioretinitis, cerebral palsy, skin aplasia (failure of 

skin to develop), hypothermia, lethargy, seizures, severe respiratory distress, proteinosis, 

hepatosplenomegaly, thrombocytopenia,  cerebrospinal fluid pleocyosis, hydranencephaly 

(absence of the cerebral hemispheres), porencephaly (cavities in the brain), intracranial 

calcification, microphthalmia chorioretinitis and psychomotor retardation (Caviness et al., 

2008; Kimberlin  et al., 2001; Eskild et al., 1999; Brown 1997) 

 

Since the 1970‘s, there has been an effective antiviral agents treatment for infected 

pregnant mothers and neonatal HSV disease (Kimberlin et al., 2001). Studies have shown 

that the administration of acyclovir and valacyclovir at the recommended doses is 

effective in the treatment of neonatal herpes simplex infections as well as pregnant 

women with first clinical episode or recurrent infection. The main purpose of the therapy 

is to prevent the widespread dissemination of the virus and also reduce it replication 

within the central nervous system especially in neonatal herpes simplex infection 

(Kimberlin et al., 2001). In pregnant women, the drugs have also been proved to reduce 

the frequency of clinical presentation and virus shedding during delivery and therefore 

decreasing the need for caesarean delivery (Andrews et al., 2006; Sheffield et al., 2006; 

Major et al., 2003; Watts et al., 2003). However when primary infection occurs during 
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the third trimester, it is suggested that caesarean section be carried out especially in 

pregnant women who have developed primary clinical infection within the last few days 

to delivery (Patel et al., 2001; Brown et al., 1997). In cases where vaginal delivery has 

been started and is irreversible, both the mother and the neonate should be administered 

with intravenous acyclovir (Ciavattini et al., 2007).  

 

2.2.6 Laboratory diagnosis of HSV-2 

Diagnosis of genital herpes (HSV-2) must not be based solely on clinical presentation 

since it has a sensitivity of 40% and specificity of 99% with about 20% rate of  false-

positive (Sauerbrei & Wutzler, 2007) and there should be confirmed with either 

serological test or viral detection (PCR and viral culture).  

 

2.2.6.1 Serology and detection of HSV-2 by PCR 

Diagnosis of HSV infection relies on both serological and virological methods, however 

the diagnostic process may be problematical due to the nature of the viral infection.  The 

presence of HSV-2 antibodies especially IgG in pregnant women is an indication of 

recurrent infection if vesicles are found in the genital tract (Arvin et al., 2006). Detection 

of viral DNA from any specimen including cerebrospinal fluid using polymerase chain 

reaction, has improved the probability of obtaining a speedy diagnosis, nonetheless, 

negative results does not rule out the presence of an infection (Kimberlin, 2007; Malm & 

Forsgren 1999; Aurelius et al., 1991). The detection IgM in a neonate is highly significant 

in establishing neonatal herpes infection (Leventon-Kriss et al., 1983).  
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2.2.6.2 HSV-2 detection by virus isolation in cell culture 

The standard laboratory method to confirm current HSV infection is virus isolation and 

typing in cell culture since HSV grows readily in tissue culture. The virus may be isolated 

within 2–4 days from swabs taken from herpetic skin and laryngeal or genital lesions 

however, the probability of obtaining a positive HSV culture in infected infants is greater 

with culture from the skin lesions or conjunctivae (Kimberlin et al., 2001). This method 

however has its own limitation where the sensitivity of the test can be compromised by 

poor sampling and transportation of the specimen and in cases where lesions are healed, 

they may result in negative culture (Berardi et al., 2011). 

 

2.3 RUBELLA VIRUS 

2.3.1 History and Biology of Rubella virus  

 

Rubella virus is a single stranded RNA virus of paramyxovirus group. It is a togavirus 

and the only member of the genus rubivirus and the cause of Rubella, a childhood disease 

commonly known as German measles. The disease was first described in the mid-

eighteen century with Friedrich Hoffmann being the first to clinically describe the disease 

in 1740. This was later confirmed by de Bergen in 1752 and later again in1758 by Orlow 

of whom were all Germans (Wesselthoeft, 1949). This disease was difficult to distinguish 

from measles and scarlet fever since they nearly produces similar clinical presentations 

until in 1814 where George Maton gave a more vivid description of the disease and 

therefore suggested that the disease should be considered different from that of measles 

and scarlet fever. The disease had it common name as ''German measles'' from the fact 
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that all the early scientists of the disease were Germans (Best et al., 2005). Henry Veale, 

an English Royal Artillery surgeon was the first to describe an outbreak of the disease in 

India and later in 1866 became the author of the now well-known name of the disease, 

''Rubella'' (Lee & Bowden, 2000; Ackerknecht & Hernz, 1982). Alfred Fabian Hess, in 

1914 base on some work on monkeys theorized that the Rubella was cause by a viral 

agent (virus). This was later confirmed in 1935 by Hiro and Tosaka by passing the disease 

to children using a filter nasal washing from an acute case (Hess & Fabian, 1914). 

 

Figure 3: Structure of the rubella virus. 

Source: http://pathmicro.med.sc.edu/mhunt/rubella.htm 

 

2.3.2 Pathogenesis and Immunity 

The infection is acquired by inhalation of aerosols or nasopharyngeal secretion containing 

the virus. The virus then infects the cells of the upper respiratory tract and enters the cell 

by receptor-mediated endocytosis. It is believed that replication probably begins in the 

respiratory tract. From there the virus spread and replicates in the lymphoid tissue of the 

upper respiratory tract, viraemia proceeds causing systemic infection after about 7 – 9 

days and last until the appearance antibody on about day 13 – 15 (Brooks et al., 2010). 
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When viraemia has occurred, the virus spread to many organs including placenta where it 

can infect the fetus in pregnancy leading to congenital infection and it subsequent 

congenital rubella syndrome (CRS) (Deorari et al., 2000; Coulter et al., 1999).  

Maternal immunity, either after vaccination or naturally derived, is generally protective 

against intrauterine rubella infection (Bullens et al., 2000). Immune mothers usually 

transfer their antibodies to their offspring which protect them for about 4 – 6 months after 

birth (Brooks et al., 2010).  A measure of antibody level of 10-15 international unit (IU) 

is universally considered to be a positive immunity status, i.e one is immune (Mendelson 

et al., 2006). Like most infections, majority of the initial antibodies elicited are IgM 

which normally lasts for some week and has been used detecting recent rubella infection 

as well as congenital rubella (Best, 2007) even though it is not confirmative in itself. IgG 

is initially present in lower titre and rises with time while persisting throughout life. 

Majority of naturally infected victims develop life-long immunity while in vaccinated 

subjects immunity has been shown to be preventive against viraemia with protection 

usually lasting for more than 16 years, nevertheless few failure in vaccination have been 

reported where there is development of partial immunity and therefore protection offered 

wanes and last for about 5 to 8 years instead (Mendelson et al., 2006; Banatvala & Best et 

al., 1990). Immunity or past infection does not guarantee protection from reinfection. A 

study done in Italy followed immunized subjects for 5 years to demonstrate an evidence 

of reinfection after vaccination and it was found that 9.8% of the subjects showed an 

indication of reinfection (Cusi et al., 1993). In maternal reinfections, some cases of CRS 

have resulted especially in maternal reinfection before the 12th week of pregnancy 

(Robinson et al., 1994) even though the risk of CRS at this stage of the gestational period 

is very low (Best, 2007).  
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2.3.3 Epidemiology of maternal and congenital rubella 

Rubella is a well-known childhood disease (Gomwalk & Ahmad, 1989) which usually 

produces a mild febrile symptoms and a rash which is usually self-limiting. The infection 

commonly spread mainly through the family either by direct contact or inhalation of 

nasopharyngeal secretions from infected persons (WHO, 2000) such that by the age of 10 

years, most African children would be immune to the virus (Gomwalk & Ahmad, 1989). 

The mildness and or asymptomatic nature of the disease in some cases; about 20 - 50% 

(Brooks et al., 2010) may probably be a contributing factor for it easy spread among 

family. In recent times, though the infection has declined with the implementation of 

rubella vaccination more than 40 years ago, they are still considered as an important 

public health problem around the world especially in the third world countries. Most 

advanced countries have effectively reduced the occurrence of infection and many are at 

the verge of eliminating CRS (Peltola et al., 2008; Lee & Bowden, 2000) while few 

others have eliminated rubella and congenital rubella (Best, 2007). The situation however 

is different for most developing countries with particular reference to Africa. The 

infection rate is so high that the prevalence in Mozambique is almost 100% and that of 

Ghana about 13 years ago was 92.6% (Barreto et al., 2006; Lawn et al., 2000). Nigeria 

and Sudan are equally high with 76% and 65.3% seroprevalence in pregnant women 

respectively (Hamdan et al., 2011; Onyenekwe et al., 2000). The only good news about 

the higher seropositivity is the fact that less people are susceptible to the infection (Lawn 

et al., 2000) this however does not exclude the occurrence of CRS since the few 

susceptible are vulnerable to the infection and have higher probability of resulting in CRS 

in pregnancy. The high levels of rubella infection among some African population may 

probably be due to some of the same reasons why CMV is so high in Africa; crowding 

living condition, increase direct contact especially in families, poor knowledge of the 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gomwalk%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
http://www.ncbi.nlm.nih.gov/pubmed?term=Gomwalk%20NE%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahmad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=2783785
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infection and absence of the rubella vaccination (Cutts & Vynnycky, 1999). The Rubella 

virus readily invades the placenta and fetus during gestation (Coulter et al., 1999). This 

usually results in serious congenital defects such as deafness and blindness (Deorari et al., 

2000). It estimated that approximately 30%–50% of foetuses of women who become 

infected with Rubella virus during the first 3 months of pregnancy will be adversely 

affected by the virus. However current finding indicates that maternal infection or 

exposure in the first trimester result in nearly 80% rate of fetal infection (Best, 2007) and 

this drop to 25% in the late second trimester and increasing again in the third trimester 

from 35% at 27–30 weeks‘ gestation to nearly 100% beyond 36 weeks‘ gestation (Gabbe 

et al., 2002). Estimation made in 1996 by WHO reported that 22 000 babies were born 

with CRS in Africa, and in South-East Asia the estimation was about 46 000 and close to 

13 000 in the Western Pacific and very few countries in these regions had introduced 

rubella-containing vaccine by the year 2008, and therefore the current burden of CRS in 

these settings is thought to be similar to that estimated for 1996 (WHO, 2012).  

 

2.3.4. Rubella and associated factors 

Rubella has been associated with some factors which other studies have considered as 

risk factors. These factors contribute to ones susceptibility to the acquisition of the 

infections. Factors such as history of miscarriage or spontaneous abortion, blood 

transfusion and exposure to young children are the main factors that have been associated 

with higher rubella infectivity rate (Brooks et al., 2010). In Nigeria, a   study reported IgG 

antibodies to rubella in 86% of women who had experienced miscarriage before 

(Onyenekwe et al., 2000). 
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2.3.5 Pathology, prevention and control 

The rubella in the absence of pregnancy usually presents a mild and self-limiting disease 

which usually resolves after some few weeks thereby resulting in lifelong immunity. 

There is usually the appearance of maculopapular rash about two to three weeks after first 

time exposure. The rash appears on the face and then spreads to the trunk and then to the 

extremities. There may also be other symptoms such as low-grade fever, sore throat, 

lymphadenopathy and general malaise (Lee & Bowden, 2000). However some 

complications such as arthritis and arthralgia may be seen in adults, surprisingly, these 

symptoms are more severe in adult females than in men (Wolinsky et al., 1996). 

Thrombocytopenic purpura and encephalopathy may be more severe complications in 

rubella infections (Brooks et al., 2010; Wolinsky et al., 1996; Frey, 1994). 

There is no specific treatment of rubella nevertheless management is directed towards 

symptoms so as to reduce discomfort. In the case of CRS in newborns, management 

focuses on dealing with the complications. The control of rubella has always the golden 

tool of prevention. Live attenuated vaccine have been in existence since 1969, this 

vaccine is available either as a single antigen or combined with measles and mumps 

vaccines. The primary purpose of the rubella vaccine however, is to prevent congenital 

rubella infections (Brooks et al., 2010). 

 

2.3.6 Laboratory diagnosis of rubella 

Diagnosis of rubella in pregnant women is very important especially in suspected cases to 

rule a primary infection that has a high probability of resulting in CRS. The assessment of 

maternal primary infection are usually relies on the detecting of specific IgM antibodies 

to the rubella virus, seroconversion and or greater four folds rise in IgG antibodies. As in 

many other viral infections, IgM alone cannot provide an evidence of recent infection and 
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therefore some employs the use of IgG avidity testing to establish primary or recent 

infections. The test for IgM and IgG can be demonstrated serological by the use ELISA.  

The laboratory methods used for virus detection are virus isolation in tissue culture or 

amplification of viral nucleic acids by RT/PCR. However, using those methods for 

detection of rubella virus in Amniotic fluid (AF) might be unreliable, particularly in AF 

samples due to low viral load. According to Mendelson and others in their review, stated 

that several studies have showed that rubella virus may be present in the placenta but not 

in the fetus, or it can be present in the fetus but not in the placenta, leading to false 

negative results (Mendelson et al., 2006). Thus, according to one opinion, detection of 

rubella virus in AF does not justify the risk of fetal loss following these invasive 

procedures (D‘Aalton & DeCherney et al., 1993), while according to another opinion, 

laboratory diagnosis of fetal infection should combine a serological assay (detection of 

rubella specific IgM) with a molecular method (viral RNA detection) in order to enhance 

the reliability of the diagnosis (Tang et al., 2003). A recent study showed 83–95% 

sensitivity and 100% specificity for detection of Rubella virus in AF by RT/PCR (Mace et 

al., 2004). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 STUDY SITES AND SAMPLING STRATEGY  

3.1.1 Study Site 

The study was conducted at the Antenatal Clinic (ANC) and the Virology Laboratory of 

the Komfo Anokye Teaching Hospital and the Department of Clinical Microbiology, all 

in Kumasi. The samples were collected at the clinic and analyzed at the Virology 

Laboratory.  

 

Figure 4: A section of Kumasi Metropolis, showing location of KATH 

Source: http://maps.google.com.gh/maps?q=MAP+OF+KUMASI+SHOWING KATH 

3.1.2 Sampling Period 

The study took place from January 2013 to March 2013. Ethical clearance was obtained 

from the Committee on Human Research, Publications and Ethics (CHRPE) at the Komfo 

Anokye Teaching Hospital, and the School of Medical Sciences, KNUST.  
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3.1.3 Study Population 

The study populations were pregnant women attending the antenatal clinic (ANC) at the 

Komfo Anokye Teaching Hospital (KATH), Kumasi.  

 

3.1.4 Eligibility Criteria  

3.1.4.1 Inclusion Criteria 

 All pregnant women attending antenatal care and consenting to participate in the study 

were sampled. 

3.1.4.2 Exclusion Criteria  

1. Pregnant women in need of emergency care or having risk during pregnancy.  

2. Antenatal respondents reporting for repeat visits during the study period.  

3.1.5 Sampling Strategy 

Every respondent attending antenatal care who met the eligibility criteria and consented 

to the study was sampled until the required sample size.   

 

3.1.6 Sample size 

One hundred and fifteen (115) blood samples were collected within the sampling period, 

however, only 91 were used. This was due to resource constraints. Only 89 samples were 

also tested for IgG antibodies to Rubella virus because of the nature (design) of Rubella 

ELISA test kits used. 
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3.1.7 Contact Process 

Pregnant women attending KATH ANC were approached and the rational of the study 

explained to them. Signed informed consent was then obtained from those willing to 

participate. Using structured questionnaire, their socio-demographic data, and associated 

factors to Cytomegalovirus, Rubella virus and Herpes simplex-2 virus were obtained 

(Appendix 1). 

 

3.1.8 Sample collection, Labelling and Confidentiality 

Five millilitres (5mls) of participants blood were collected into a BD Vacutainer with 

SST II Advance Semi-separator gel (BD, Belliver Industrial Estate, Plymouth, PL6 7BP, 

United Kingdom), mixed by turning it 5 times upside-down. 

 

3.1.8.1 Sampling procedure 

The blood samples were taken by well-qualified and experienced Phlebotomists from the 

Komfo Anokye Teaching Hospital (KATH) who offered to help with the sampling 

process during the study period.   

A good-sized vein was identified, usually in the antecubital fossae or on the dorsum 

(back) of the hand. A tourniquet was then applied proximal to the site of venepuncture to 

ensure engorgement of vein with blood. A 5ml syringe was used to take the blood sample. 

The site of venepuncture was cleaned with an alcohol swab. The needle was then inserted 

into the vein looking for blood flashback in the bevel of the syringe. The vacutainer with 

SST II Advance Semi-separator gel allowed self-filling of blood (approximately 5mls of 

blood). Once enough blood was withdrawn, the tourniquet was removed, with the needle 

still in place, a cotton swab was taken and placed over site of needle insertion 
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(venepuncture) and the needle was gently removed. Direct pressure was applied with the 

cotton swab over the puncture site to stop any bleeding (about 2 minutes), after which the 

swab was removed to ensure bleeding has stopped. If not, the swab was affixed with 

gauze tape. The tubes were centrifuged at 3500 rpm for 5 minutes at the virology 

department of the Komfo Anokye Teaching Hospital (KATH) after which, the serum was 

aliquoted into cryo tubes. The cryo tubes were packed in a cryo box for transport and 

storage.  

3.1.8.2 Labelling 

The individual subject samples were labelled with a specific study number that also 

corresponded with their identification number on questionnaire and the informed consent 

form.  

3.1.9 Transfer, separation and storage of serum 

The sera were then transported the Virology laboratory of the department of Clinical 

Microbiology, School of Medical Sciences, KNUST, where the sera were screened for 

IgM and IgG antibodies to CMV, Rubella virus and only IgG antibodies to HSV-2 using 

commercially obtained ELISA kits from the Human Diagnostic Worldwide, German. 

 

3.2.0 Reagent preparation and Laboratory testing of patients’ serum samples   

3.2.1 Preparation of Reagent and Working Washing Solution 

All reagents were brought to room temperature (25ºC) before used according the 

manufacture‘s instruction. The working washing solution was prepared by diluting 1 part 

(eg. 50ml) of the Washing solution with 20 parts (1000ml) of fresh deionised water 

(distilled water). 
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3.2.2 Washing Procedure 

The washing procedure was very critical because insufficient washing would result in a 

poor precision or falsely high absorbance. An automatic washer was used for the washing 

procedure. Washing was repeated for 4-5 times and it was ensured that the washers filled 

all the wells completely and were aspirated off efficiently after 30 seconds. The 

remaining liquid was removed by tapping the plate upside down on a tissue paper. 

 

3.3.3 Sample Preparation and Dilution  

The subjects‘ sera were diluted with the dilution buffer specially prepared for testing for 

IgM and IgG antibodies to the CMV, Rubella and HSV-2 as provided by the 

manufacturer. 1 part (10 µl) of serum was diluted with 100 parts (1ml) of the dilution 

buffer. Diluted samples were incubated for 5 minutes prior to further processing. The 

sample dilution buffer contains anti-human IgG to prevent rheumatoid factor interference 

and competition from specific IgG present in the specimen. 

 

3.3.4 Laboratory testing using Enzyme Linked Immunosorbent Assay (ELISA) 

3.3.4.1 Immunoglobulin M (IgM) to CMV and Rubella 

The microtitre strip wells were arranged according to the number of samples. 100µl of the 

negative control were aliquoted into wells B1 and C1 while well A1 was left blank 

according to the manufacturer‘s instruction. 100µl of the positive control were aliquoted 

into wells D1 and E1. 100µl of patients‘ serum were then aliquoted into each of the 

remaining microplate wells (91 of them). The test is incubated at 17 ºC – 25 ºC (room 

temperature) for an hour and then washed for a minimum of 3 cycles with at least 350µl 

filling washing solution. The wells were blotted on an adsorbent paper until completely 

dried. 100µl of anti- IgM conjugate (anti- human IgM antibodies, peroxidase conjugate) 
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were added to each well and incubated for 30 minutes of 17 ºC – 25 ºC. The washing 

procedure was repeated after which 100µl of substration solution (3,3´,5,5´- 

tetramethylbenzidin (TBM) hydrogen peroxide) were added to each well and incubated in 

the dark at 17º C - 25º C for 15 minutes. 100µl of stopping solution was added to each 

well. The ELISA microtitre plate reader (Human Diagnostic Worldwide, Germany) was 

set to zero using the substrate blank in well A1. The absorbance was measured at 450nm 

within 30 minutes after terminating the reaction using a reference wavelength of 630nm–

690nm. The principle underlining the ELISA test can be found in the Appendix 5 

 

CALCULATION OF CUT-OFF POINT  

The automated microtitre plate reader used in this study automatically generates the result 

of the test by comparing the cut off values with the individual absorbance of the 

microtitre well. The cut off value according the manufacturer is calculated using the 

below formula; 

 The mean absorbance value of negative control in well B1 and C1 (MNC) 

were calculated as MNC = (B1 + C1) / 2 

 The mean absorbance value of the positive control value (MPC) in wells D1 and 

E1 were calculated as MPC = (D1 + E1) / 2 and  

 The Cut off value were computed as Cut Off Value  = MNC + (0.2 X MPC)  

 

3.3.4.2 Immunoglobulin G (IgG) to CMV, Rubella and HSV-2 

The microtitre strip well was arranged according to the number of samples. 100µl of the 

negative control were aliquoted into wells B1 and C1 while well A1 was left blank 

according to the manufacturer‘s instruction. 100µl of the positive control were aliquoted 

into wells D1 and E1 (in the case of CMV and HSV-2) and into wells F1 and G1 (in the 
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case of Rubella). Wells D1 and E1 in rubella testing were aliquoted with 100µl rubella 

cut-off control. 100µl of patients‘ serum were then aliquoted into each of the remaining 

microplate wells (91 wells for CMV and HSV-2 and 89 wells for Rubella). The test is 

incubated at 17 ºC – 25 ºC (room temperature) for an hour and then washed for a 

minimum of 3 cycles with at least 350µl filling washing solution. The wells were blotted 

on an adsorbent paper until they are completely dried. 100µl of anti-IgG conjugate (anti-

human IgG antibodies, peroxidase conjugate) were added to each well and incubated for 

30 minutes of 17 ºC – 25 ºC. The washing procedure was repeated and 100µl of 

substration solution (3, 3´, 5, 5´- tetramethylbenzidin (TBM) hydrogen peroxide) were 

added to each well.  

The test was incubated in the dark at 17º C - 25º C for 15 minutes after which 100µl of 

stopping solution was added to each well. The ELISA microtitre plate reader (Human 

Diagnostic Worldwide, Germany) was set to zero using the substrate blank in well A1. 

The absorbance was measured at 450nm within 30 minutes after terminating the reaction 

using a reference wavelength of 630nm – 690nm. 

 

 

CALCULATION OF CUT-OFF POINT (CMV AND HSV-2) 

 The mean absorbance value of negative control in well B1 and C1 were calculated 

as MNC = (B1 + C1) / 2 

 The mean absorbance value of the positive control value (MPC) in wells D1 and 

E1 calculated as MPC = (D1 + E1) / 2 and 

 The Cut off value were calculated as Cut Off Value  = MNC + (0.1 X MPC) 
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CALCULATION OF CUT-OFF POINT FOR RUBELLA 

 The mean absorbance value of negative control in well B1 and C1 for Rubella 

were calculated as MNC = (B1 + C1) / 2 

 The mean absorbance value of Cut-off Control in well D1 and E1 were computed 

as MCC = (D1 + E1) / 2 

 The mean absorbance value of the positive control value in wells F1 and G1 for 

Rubella were calculated as MPC = (F1 + G1) / 2 

 The Cut off value were calculated as COV = MNC + (0.1 X MPC) 

 

3.3.4.3 INTERPRETATION OF RESULTS 

Results of patient sample greater than the absorbance of the cut-off value (COV) were 

conventionally considered positive for the various antibodies tested. All patient results 

less than that of the cut-off value were considered negative for the different antibodies 

tested.  

 

                          

                        a                                                                                   b 

Figure 5: Automated Microtitre plate reader (a) and microtitre plate washer (b) 

used for the work. 
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Figure 6: Microtitre plate showing antibody reactivity 

 

3.3.4.4 ANALYSIS OF RESULTS 

The results were statistically analysed using the Stata Statistical package. Significant 

differences between the proportions and the groups or variables were determined using 

both Chi-square and one-Way Anova. P-values of 0.05 were considered significant.  
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CHAPTER FOUR 

RESULTS 

4.1 Socio-demographic characteristics of pregnant women 

A total of 91 pregnant women were enrolled in the study. They were between the ages of 

16-46 years with only 1 person under 18 years. Most of them were married (89.01%), 

with very few (10.99%) being unmarried (Table 1).  

 

Table 1: The Distribution of the Socio-demographic Characteristics of Pregnant 

Women 

Variable  Number (n) Percentage (%) 

Age     

16 – 25 12 13.19 

26 – 30 32 35.16 

31 – 35 29 31.87 

36 – 40 15 16.48 

41 – 46 3 3.3 

Marital Status     

Married 81 89.01 

Unmarried 10 10.99 

Educational Background     

No education 6 6.59 

Basic 48 52.75 

Secondary 17 18.68 

Tertiary 20 21.98 

Parity     

Nulliparity 30 32.97 

Primiparity 17 18.68 

Multiparity 41 45.05 

Grandparity 3 3.3 
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4.2 Overall prevalence of IgM and IgG antibodies to CMV, HSV-2 and Rubella 

Out of the total respondents, 87 (95.60%) and 35 (38.46%) were seropositive to CMV 

IgG and IgM respectively. A total of 84 (92.31%) and 6 (6.59%) women were 

seropositive to Rubella IgG and IgM respectively. For both CMV and Rubella, all the 

women who had IgM antibodies also were positive to IgG antibody. Seropositivity to 

HSV-2 IgG was 62 (68.13%) as shown figure 7 below 

About 65.93% respondents had IgG antibodies to both HSV-2 and CMV and 62.92% of 

them also had IgG antibodies to both HSV-2 and Rubella while a total of 89.89% of the 

pregnant women had IgG antibodies to Rubella and CMV. Among the married, 30 

(37.04%) and 77 (95.06%) were positive to IgM and IgG antibodies to CMV respectively. 

It was also observed that, 74 (95.06%) and 5 (6.17%) of them had IgM and IgG 

antibodies to Rubella were married while 56 (69.14%) of the married subjects had IgG 

antibodies to HSV-2.   

 

Figure 7: The prevalence of IgM and IgG antibodies to CMV, Rubella and HSV-2 
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4.3 Age distribution of respondents stratified by CMV, HSV-2 and Rubella 

antibodies 

Among the age groups, majority of the respondents who showed evidence of past 

infection to CMV (34.48%) and Rubella (36.90%) were within 26 – 30 age groups while 

most with high seropositivity to HSV-2 (38.71%) were between the ages of 31 and 40 

years. There was a significant difference between the proportions of seropositivity of 

CMV (IgG) among the age groups (P = 0.012). However, no significant difference was 

observed between the other tested parameters and the age distributions (Table 2). 
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Table 2: The prevalence of CMV, Rubella and HSV-2 and the age of respondents 

One –way Anova was used to estimate the difference between proportions and the groups. Percentage value in parenthesis respondents. 

P is significant at 0.05 

Age 

groups 

 

    CMV 

 (n = 91) 

 

 

 

Rubella 

 (n =89) 

 

HSV-2  

(n = 91)  

 

IgM (35) P –Value IgG (87) P –value IgM (6) P- value IgG (84) 

P –

value IgG (62) 

P - 

value  

16 -25 5 (14.29) 

 

11 (12.6) 

 

0 (.00) 

 

10 (11.90) 

 

4 (6.45) 

 

26 -30 12(34.29) 

 

30 (34.48) 

 

5 (83.33) 

 

31 (36.90) 

 

22 (35.48) 

 

31 -35 12 (34.29) 0.205 28 (32.18) 0.012 1 (16.67) 0.893 26 (30.95) 0.073 24 (38.71) 0.070 

36 – 40 4 (11.43) 

 

15 (17.24) 

 

0 (0.00) 

 

14 (16.67) 

 

11 (17.74) 

 
41 – 46 2 (5.71) 

 

3 (2.30) 

 

0 (0.00) 

 

3 (3.57) 

 

1 (1.61) 
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4.4 Educational background against CMV, Rubella and HSV-2 prevalence 

Educational background showed a significant difference between IgG CMV outcomes (P 

= 0.002). All basic educational level participants were seropositive to the IgG CMV 

antibodies and so were individuals with no education and secondary education. The only 

individuals who were seronegative to CMV IgG all belong to the category of tertiary 

educational level. Also, most of the respondents who were seropositive to IgG of Rubella 

(53.57%) and HSV-2 (54.84%) had only basic education (Table 3). There were no 

significant difference between the Rubella and HSV-2 seropositivity among educational 

background.  



  48 
 

Table 3: Educational background against CMV, HSV-2 and Rubella antibodies 

One –way Anova was used to estimate the difference between proportions and the groups. Percentage value in parenthesis respondents. 

P is significant at 0.05 

Education 

Total No. 

respondents 

 

    CMV 

 (n = 91) 

 

 

 

Rubella 

 (n =89) 

 

HSV-2  

(n = 91)  

 

 

            IgM (35) P –Value IgG (87) P -value IgM (6) P- value IgG (84) P –value IgG (62) P - value  

 

 

No 

education 6 (6.59) 3 (8.57) 

 

6 (6.90) 

 

0(0.00) 

 

6 (7.14) 

 

5 (8.06) 

 

 

Basic 48 (52.75) 20 (57.14) 

 

48 (55.17) 

 

4(66.67) 

 

45 (53.57) 

 

34 (54.84) 

 

 

Secondary 17 (18.68) 8 (22.86) 0.115 17 (19.54) 0.002 0(0.00) 0.730 14 (16.67) 0.722 12 (19.35) 0.487 

 

Tertiary 20 (21.98) 4 (11.43)  16 (18.39)  2(33.33)  19 (22.62)  11 (17.74)  
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4.5 Parity of the respondents against CMV, Rubella and HSV-2 prevalence 

All 44 participants with 2 or more children (multi and grand parity category) had IgG 

antibodies to CMV, while 88.6% and 70.5% of them showed evidence of past infection to 

Rubella and HSV-2 respectively. Subjects of nulliparity (no children) and primiparity 

(only one child) equally showed high seropositivity to CMV, Rubella and HSV-2. 

Though, there was a significant difference between CMV seropositivity (P = 0.041) 

among the parity groups, it appears that difference proportions of seropositivity of CMV, 

Rubella and HSV-2 could be due to chance and not parity as an associated factor (Table 

4).
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Table 4: Parity of respondents (subjects) and the prevalence of CMV, Rubella and HSV-2 antibodies 

One –way Anova was used to estimate the difference between proportions and the groups. Percentage value in parenthesis respondents. 

P is significant at 0.05 

Parity 

Total No. 

respondents 

 

CMV 

(n = 91) 

 

 

 

Rubella 

(n =89) 

 

HSV-2 

(n = 91)  

  

IgM (35) P –Value IgG (87) 

P-

value IgM (6) 

P- 

value IgG (84) 

P -

value IgG (62) 

P - 

value 

Nulliparity 30 (32.97) 10 (28.57) 

 

27 (31.03) 

 

2(33.33) 

 

10 (33.33) 

 

16 (25.81) 

 

Primiparity 17 (18.68) 7 (20.00) 

 

16 (18.39) 

 

1(16.67) 

 

17 (20.24) 

 

15 (24.19) 

 

Multiparity 41 (45.05) 16 (45.71) 0.706 41 (47.13) 0.041 3(50.00) 0.957 38 (45.24) 0.545 29 (46.77) 0.193 

Grandparity 3 (3.30) 2 (5.71)  3 (3.45)  0 (0.00)  1 (1.19)  2 (3.23)  
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4.6 Associated factors of respondents against CMV, Rubella and HSV-2 

The trend that was observed among the associated factors and the relationship with the 

seropositivity levels of CMV, Rubella and HSV-2 among the respondents was almost the 

same for all, though none of these factors seemed to be significantly associated with the 

seropositivity of the respondents to any of the antibodies tested. Among the respondents 

that had history of miscarriage and or stillbirth, 15 ( about 42.86%) out of 35 and 43 

(49.43%) were positive to IgM and IgG antibodies of CMV respectively (Table 5), while 

3 (50%) and 39 (46.43%) had IgM and IgG antibodies to rubella (Table 6) with 33 

(53.23%) of them having IgG antibodies to HSV-2 (Table 7). However, there was no 

significant difference between seropositivity to these viruses among individuals with 

history of miscarriage and or stillbirth and those who do not.  

Among those who have had interaction with children (exposure to children) by touching, 

feeding, changing of diapers and or bathing them, 25 (71.43%) and 55 (63.22%) had IgM 

and IgG antibodies of CMV respectively (Table 5) while 54 (65.06%) of them had IgG to 

rubella (Table 6). For respondents with history of  blood transfusion, 11 (12.64%) and 8 

(12.90%) respectively had antibodies to CMV and HSV-2 with respect to IgG (Table 5, 6 

& 7).While 64 (73.56%) of the respondents who had been sexually involved with 

Multiple partner were seropositive to CMV (IgG), 47 (75.80%) were seropositive to 

HSV-2. 25 (28.78%) of respondents who use protection (condom) during sex had IgG 

antibodies to CMV while 17 (27.42%) had antibodies to HSV-2 (Table 6 & 7). However, 

only 19 (30.65%) of those who practise oral sex with their partners had antibodies to 

HSV-2(Table7). 
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Table 5: Associated factors (characteristics) of respondents stratified by CMV IgM and IgG reactivity profile 

Parameter Total CMV IgM 

 

CMV IgG 

 

  

Negative (56) Positive (35) p-value Negative (4) Positive (87) p-value 

History of Miscarriage/Stillbirth 

     No 47(51.65) 27(48.21) 20(57.14) 0.5183 3(75) 44(50.57) 0.6174 

Yes 44(48.35) 29(51.79) 15(42.86) 

 

1(25) 43(49.43) 

 Exposure to Children 

      No 33(36.26) 23(41.07) 10(28.57) 0.2635 2(50) 31(35) 0.6221 

Yes 57(62.64) 32(57.14) 25(71.43) 

 

2(50) 55(63.22) 

 History of Blood Transfusion 

      No 79(86.81) 50(89.29) 29(52.86) 0.5256 3(75) 76(87.36) 0.4378 

Yes 12(13.19) 6(10.72) 6(17.14) 

 

1(25) 11(12.64) 

 Sex with  Multiple Partner 

      No 24(26.37) 16(28.57) 8(22.86) 0.6296 1(25) 23(26.44) 1 

Yes 67(73.63) 40(71.43) 27(77.14) 

 

3(75) 64(73.56) 

 Sex with Protection 

      No 64(70.33) 36(64.29) 28(80.00) 0.0112 2(50) 62(71.26) 0.5791 

Yes 27(29.67) 20(35.71) 7(20) 

 

2(50) 25(28.74) 

 Oral Sex 

       No 64(70.33) 40(71.43) 24(68.57) 0.8162 1(25) 63(72.41) 0.0766 

Yes 27(29.67) 16(28.57) 11(31.43) 

 

3(75) 24(27.59) 

 Percentage values in parenthesis represent respondents. P is significant at 0.05.
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Table 6: Associated factors (characteristics) of respondents stratified by Rubella IgM and IgG reactivity profile 

Parameter Total Rubella virus IgM 
 

Rubella virus IgG 
 

  
Negative (85) Positive (6) p-value Negative (5) Positive (84) p-value 

History of Miscarriage/Stillbirth 
     

No 47 (51.65) 44(51.76) 3(50) 1 2(40) 45(53.57) 0.6636 

Yes 44(48.35) 41(48.24) 3(50) 
 

3(60) 39(46.43) 
 

Exposure to Children 
      

No 33(36.67) 32(37.67) 1(16.67) 0.4086 3(60) 29(34.94) 0.349 

Yes 57(63.33) 52(61.18) 5(83.33) 
 

2(40) 54(65.06) 
 

        

Percentage values in parenthesis represent respondents. P is significant at 0.05 
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Table 7: Associated factors (characteristics) of respondents stratified by HSV-2 IgG 

reactivity profile 

Parameter Total Negative (29) Positive (62) p-value 

History of Miscarriage/Stillbirth 
  

No 47(51.65) 18(62.07) 29(46.77) 0.1865 

Yes 44(48.35) 11(37.93) 33(53.23) 
 

History of Blood Transfusion 
   

No 79(86.81) 25(86.21) 54(87.10) 1 

Yes 13(13.19) 4(13.79) 8(12.90) 
 

Sex with  Multiple Partner 
   

No 24(26.37) 9(31.03) 15(24.19) 0.6104 

Yes 67(73.63) 20(68.97) 47(75.80) 
 

Sex with Protection 
   

No 64(70.33) 19(65.52) 45(72.58) 0.6229 

Yes 27(29.67) 10(34.48) 17(27.42) 
 

Oral Sex 
    

No 64(70.33) 21(72.41) 43(69.35) 0.8108 

Yes 27(29.67) 8(27.59) 19(30.65) 
 

Percentage values in parenthesis represent respondents. P is significant at 0.05 
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CHAPTER FIVE 

DISCUSSION 

5.1 General Prevalence of CMV, Rubella and HSV-2 

The high rate of morbidity and mortality caused by CMV, Rubella and HSV-2 especially to 

foetus of infected mothers due to congenital and neonatal infections with their consequent wide 

range of abnormalities and social as well as financial burdens to families and countries has made 

the screening of pregnant women important research activity. This would help to determine 

susceptible pregnant women for appropriate interventions. This notwithstanding, few studies 

have been carried out concerning the prevalence and other related epidemiological study of these 

viruses in Ghana. So far, the few studies on the prevalence of these viruses include a CMV study 

carried out among the general Ghanaian population (Adjei et al., 2008) and among voluntary 

blood donors (Adjei et al., 2006) and another on Rubella in pregnant women over a decade ago 

(Lawn et al., 2000). The present thus extend these studies as well as providing information on 

some associated factors; this could be helpful in health promotion activities. 

 

In this current study, 95.60% seropositivity of CMV IgG antibodies was observed among 

pregnant women and this is in line with findings in Nigeria (97.2%) seropositivity (Akinbami et 

al., 2011), and in Turkey; 94.0% (Ocak et al., 2007).  This indicates susceptibility level of 4.40% 

among the study population which also confirms other studies carried out in other sub-Saharan 

African counties (Cannon et al., 2010). In other studies, higher CMV seropositivity levels have 

been ascribed to overcrowded living conditions, increased breast feeding, sharing of utensils, and 

decreased hygiene (Ho, 1990). However, in this study, even though higher CMV seropositivity 

was found among subjects with multiple sexual partners, practised sex without protection and 
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those exposure to children; changing diapers, bathing, feeding and touching of children 

especially those under 3 years of age, there were no association observed since equally high 

seropositivity was seen among subjects who said no to these factors.  

 

The IgM of CMV Seroprevalence was 38.46% in this study and the fact that all subject with IgM 

to CMV also had IgG antibodies is a possible indication of recurrent infection (reactivation or 

reinfection) and not necessarily a primary infection since the IgM antibodies could be present 

during recurrent infections and not in primary infection alone (Lazzarotto et al., 2008). Even 

though results from the IgG CMV seropositivity indicate a low susceptibility levels (4.40%), 

appropriate preventive measures should be taken to curb the occurrence of primary infection 

which has a high potential of causing congenital infection and devastating consequences. These 

preventive measures as advised by scientist and health promoters include simple good hygiene 

practises such as washing of hands regularly especially after handling children among many 

other measures as mentioned in the literature review (Buxmann et al., 2012; Onorato et al., 

1985) as well as education. 

 

Only (7.69%) of respondents were observed to be susceptible or at risk of primary rubella 

infection since majority of respondents (92.31%) showed evidence of past infection (had the IgG 

antibodies to the rubella virus) in this study. This is actually a confirmation of a similar study 

carried out over a decade ago at the Komfo Anokye Teaching Hospital, Kumasi, where about 

92.6% of the pregnant women showed evidence of past rubella infection (Lawn et al., 2000). 

This finding is not startling at all as higher Seroprevalence and their corresponding low 

susceptible levels have been reported in pregnant women in other Africa countries such as 
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Mozambique, Cameroon, Nigeria and Western Sudan with prevalence of 95%, 88.6%, 76% and 

65.3% respectively (Hamdan et al., 2011; Fokunang et al., 2010; Barreto et al., 2006; 

Onyenekwe et al., 2000). Most of these African countries with very high Seroprevalence have 

not yet included rubella vaccination into their national immunisation programmes as practised by 

many of the developed countries. According to Cutts and Vynnycky, as of 1997, less than one-

third of developing countries had introduced the rubella vaccine in their national immunization 

programme (Cutts & Vynnycky, 1999). Some argue that since the disease is a childhood disease 

and the prevalence is high, it is better to allow it spread especially among children so that by the 

child-bearing age, most of them would have developed antibody that is capable of fully 

protecting them as well as reducing the number of babies born with CRS. This is a good measure 

for resource poor countries. 

 

However, 6.59% of the respondents had IgM antibodies to the rubella virus but this may be a 

reinfection and not primary infection as all respondents with IgM also had IgG antibodies. This 

is less likely to result in congenital infection leading to congenital rubella syndrome (CRS) 

though some few cases of reinfection have been linked to CRS (Robinson et al., 1994). 

 

The prevalence of HSV-2 found in this study is comparable to that reported for sub-Saharan 

Africa; 30% to 80% (Weiss, 2004). In this study, HSV-2 seroprevalence was found to be 68.13% 

and the susceptibility levels to be 31.87%.  Seroprevalence of HSV-2 in this study could be 

attributed to multiple sexual partners and sexual activities without protection as practiced by 

majority of the respondents, however this is not conclusive enough since no further analysis was 

done due to the limitation by sample size.  
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5.2 Socio-demographic characteristics and prevalence of CMV, Rubella and HSV-2 

Generally, increased prevalence of CMV, Rubella and HSV-2 was recorded for age of 

respondents (Table 2) and significant difference exists between the IgG CMV prevalence among 

the age groups. As observed from the result (Table 2), all respondents of ages of 40 and above 

had IgG antibodies to CMV and this was not so different for the IgG antibodies to rubella. This 

is actually expected because exposure to CMV and rubella starts during early childhood stage 

and this is especially true for those in developing countries as several conditions expose the 

populace to these infections at early stages in life.  

 

Several studies have shown that CMV Seroprevalence approaches 100% as young as 11 years in 

some developing countries while above 90% seropositivity usually occurs at age 80 in the 

advanced countries (Staras et al., 2006; Stackhouse et al., 1991; Ho, 1990). The pattern seen in 

the HSV-2 seroprevalence in this study among the age groups differs from that seen in CMV and 

Rubella. There was a gradual increase at the ages 16 – 25 and peaks at ages 31–35 and then 

gradually declines (ages above 36). This probably may be due the pattern of sexual activity 

among the age groups. Active sexual involvement begins early and gradually increases and then 

declines as one ages as reflective in this study. 

 

The trend as observed with respect to educational background only had a significant difference 

between IgG CMV seropositivity among the group. The few individuals who had no indication 

of CMV past infection were all within the tertiary category. This probably imply that the higher 

the educational level, the less likely an individual will acquire the CMV probably due to 

knowledge of the consequences of the infection and practise of preventive measures. However 
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this is not conclusive enough because of the fewer numbers of participants recorded within this 

group. Majority of the respondents equally showed an evidence of past infection to Rubella and 

HSV-2 among every class of educational level. Nevertheless, there was no serious association 

between educational level and HSV-2 and Rubella infectivity and therefore suggests that ones‘ 

educational background of did not significantly influence her seropositivity as far as this study is 

concerned. The high past infectivity of CMV and Rubella seen in all the groups may be 

attributed to equal exposure to these viruses through contact with people both young and old in 

our Ghanaian setting. The occupations of most of the subjects were primarily trading with a large 

number of them being market women. Their regular interaction and contacts with a lot of people 

as part of their business activities may probably be a contributing factor to why majority have 

already been exposed to these viruses. They may have come into contact with CMV through 

contact with contaminated body fluids such as saliva and rubella through contaminated aerosol. 

Again, HSV-2 was also high among all the educational groups and the possible reason to be 

ascribed to this trend is that equally higher number of subjects regardless of their educational 

background have had multiple sexual partners with only few using  protection (condom) during 

sexual intercourse as seen in other studies (Jonsson & Wahren, 2004). 

 

5.3 Associated factors and the prevalence of CMV, Rubella and HSV-2 

The associated factors considered in this study includes parity, history of miscarriage/stillbirth, 

exposure to children, blood transfusion, number of sexual partners, the use of protection 

(condom) and practice of oral sex. The factors considered for a particular viral infection was 

based on epidemiological data or information obtained from literature. Some of these factors 

have already been considered in other studies where in some studies they were considered as risk 

http://www.ncbi.nlm.nih.gov/pubmed?term=Jonsson%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
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factors while others only considered them as merely associated factors. In this study, the 

significance of these factors in the acquisition or susceptibility to these infections was assessed. 

In other words, how significant are these viral infections associated with these factors. 

From the results (Tables 5, 6 & 7), most of the factors were not significantly linked to 

susceptibility to the infections. A study by Hamdan et al. (2011), reported high parity as a risk 

factor for CMV, however in this study such conclusion could not be drawn. There were equally 

high seroprevalence among all the groups even though it was more in Multiparity group. 

Children are known to shed the CMV and rubella and this may explain why most infected 

individuals had high parity (multi parity and grand parity) as they may have had exposure to 

children of their own, neighbouring household or work place. Touching, bathing, changing of 

diapers and feeding (Stadler et al., 2012) potentially expose people to CMV infection. 

  

Majority of the respondents who had ever experienced either miscarriage or stillbirth or both had 

antibodies to the IgG of CMV, rubella and HSV-2. These viruses may have played a role in the 

cause of miscarriage and or stillbirth in these pregnant women because they are known to cause 

miscarriage and or stillbirth (Cengiz et al., 1993). However, it cannot be said they were the cause 

of the miscarriage and stillbirth as seen among respondents.  

Most of the individuals who with history of more than one sexual partner (multiple sexual 

partners) had higher seropositivity of CMV and HSV-2. This is only a confirmation of findings 

seen in other research where having multiple partners was significantly associated with the 

acquisition of CMV and HSV-2 (Dipankar et al., 2011; Bucher et al., 2004; Jonsson & Wahren, 

2004; Robain et al. 1998; Collier et al. 1990) even though in this study it such conclusion could 

not be made.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Jonsson%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
http://www.ncbi.nlm.nih.gov/pubmed?term=Wahren%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15061661
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Again, out the few participants who had received blood transfusion before, almost all were 

seropositive to CMV (IgG). The same have been reported in other studies where individuals with 

history of blood transfusion showed higher indication of past CMV infection. However it is 

worth noting that only about 3-5% CMV infected blood is usually transmitted to blood recipient. 

Statistically there was no significant difference between the proportions. Rubella and HSV-2 

were not considered in this study to be associated with blood transfusion because they are no 

evident of their transmission through the blood even though one study revealed HSV-2 

DNAemia but this only occurs in primary herpes infection and not recurrent herpes infection 

(Juhl et al., 2010). 
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CHAPTER SIX 

CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS 

6.1 Conclusions 

This study was important in generating current information on susceptibility levels of CMV, 

Rubella and HSV-2 in pregnant women as well as some factors influencing their susceptibility. 

The following conclusions can be drawn from the analyses and discussions of results obtained in 

this study; 

 Though there are very high seroprevalence of CMV, Rubella and HSV-2 among pregnant 

women, there are significantly low levels of susceptibility to these infections among the 

study subjects (pregnant women). This implies that only few of these subjects are at risk 

of primary infection that may lead to possible abnormalities in newborns. 

 Most of the considered associated factors were not significantly associated with the 

acquisition of these infections. In other words in study, it was observed that these 

associated factors may not have significantly influenced the infectivity among individual 

with evidence of past infection to these viruses.  

 

6.2 Recommendation 

The current study revealed a very low susceptibility levels among pregnant women and this is 

good news. However, this study should be replicated in other parts of Ghana so as to determine 

the overall susceptibility levels in the entire country. Again, a critical study in newborns would 

be necessary to estimate the numbers of newborns who suffer abnormalities as a result of 

maternal primary infection among the few susceptible individuals.  



  63 
 

6.3 Limitation of the study 

The only limitation to this study was the fact that a convenience sample size was used. This 

limitation was not only due to resource constraints but also limited period within which the study 

was carried out. This limitation should therefore be considered as such when interpreting these 

data.  
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6.5 APPENDIX 

APPENDIX 1: Copy of Questionnaire  

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY AND THE 

KOMFO ANOKYE TEACHING HOSPITAL, SCHOOL OF MEDICAL SCIENCES 

DEPARTMENT OF CLINICAL MICROBIOLOGY  

QUESTIONNAIRE ON THE PREVALENCE OF CYTOMEGALOVIRUS, RUBELLA VIRUS 

AND HERPES SIMPLEX -2 VIRUS INFECTIONS AND ASSOCIATED RISK FACTORS 

AMONG THE PREGNANT WOMEN WHO VISIT KATH FOR ANTENATAL CARE (ANC) 

 

 Participants are required to answer all the questions and they are to be sincere in 

answering these questions. All information collected is solely for the purposes of research and 

shall not be used for other purposes, all participants information shall be kept safe. No name will 

be recorded. 

SECTION A 

1. Sample ID:___________________________________________________________________ 

 

 

2. Age:            18 – 24                  25 – 30                 31 – 35                 36 – 40             Above  41 

 

 

3. Place of residence:    __________________________________________________ 

 

4. Marital status:              Single                            Married                              Divorced  

 

5. Gestational Age:                 1st trimester (1st 3 months)              2nd trimester (Next 3 months)      

 

                                               3rd trimester (Last 3 months) 

 

 

6. Educational level:              Primary                     Secondary                  Tertiary                    None  

 

7. Occupation:      House wife/Unemployed            Farmer        Self-employed        Other ___________ 
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       SECTION B 

       8a. Is this your first pregnancy?                     YES                                      NO 

8b. IF NO how many children do you have?  ________________________ 

       8c. what are their ages?  __________________________________________________   

 

       8d. Do you have any child with birth defect?                 YES                             NO 

 

       8e. IF YES state the birth defect. ____________________________________________ 

 

9. Have you had miscarriage and or stillbirth before?                 YES                       NO 

 

10a. In your daily activities do you interact with children ≤ 3 years of age?         NO                 YES                

            

       10b. If YES to Q 10a, In what way?          Bathing/changing diapers               Feeding          Touching 

                   Other _______________________________________        

 

        10b. If YES to Q 10a, where?        Home                  Work                  Church         Other_____________   

 

         11a. Before your present relationship have you had any other sexual relationship before?           

                                                                     YES                                                     NO 

         11b. IF YES how many people? ___________________________________________________ 

 

 

          11c. During sexual relations (intercourse) with partner(s) former or present do you use any    

                   Protective measures? 
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                                                     YES                                                              NO 

    11d. IF YES what protective measure(s) are used? __________________________________________ 

 

    11e. How often?                    Sometimes                               Most times                             Rarely 

 

     11f. Have you ever engaged (practiced) oral-genital sex with your partner (s)?             YES                  NO    

 

    11g. IF YES, how often?            Sometimes                            Most times                          All the time 

 

1B: Key of Questionnaire  

Below are the keys or explanations to some of the technical or scientific terminologies used in 

the questionnaire 

  

 Miscarriage: The spontaneous expulsion of the products of pregnancy before the middle 

of the second trimester.  

 Stillbirth: The birth of an infant who has died prior to delivery especially after 22 weeks 

of conception.  

 Birth defect: Any malformation or abnormalities seen in newborns be it physical, 

psychological or mental. 

 Protective measure: Any means of protection from sexually transmitted disease such as 

the use of male and female condoms 

Appendix 2: ASSAY VALIDATION 

CMV and HSV-2: The test run was considered valid provided that the following criteria are met 

 Substrate blank in well A1 is less than 0.150 

 MNC ≤0.250 

 MPC ≥0.750 
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 MPC : MNC is ≥ 5 

Rubella: The test run was considered valid provided that the following criteria were met 

 Substrate blank in well A1 is less than 0.150 

 MNC ≤ MCC 

 MPC ≥ 0.750 

 MPC : MNC ≥ 2.5 

 

Appendix 3: Arranging serum samples to begin testing  
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Appendix 4: Graph showing the trend of CMV, Rubella and HSV-2 among the age groups 

 

 

Appendix 5: The principle underlining ELISA test (Classic EIA) 

The HUMAN viral (CMV, HSV-2 & Rubella) IgM & IgG ELISA is based on the classical 

ELISA technique. The microtitre strip wells as a solid phase are coated with cell culture derived 

viral antigens (CMV Ag, HSV-2 Ag or Rubella Ag). In the first incubation step corresponding 

specific antibodies (eg. CMV-IgM-Ab) present in patient specimens or controls bind to the 

antigens at the solid phase. The sample dilution buffer contains anti-human IgG to prevent 

rheumatoid factor (RF) interference and competition from specific IgG present in the specimen. 

At the end of the incubation unbound components are washed out. For the second incubation 

step, ant-IgM or anti-IgG conjugate; anti-human IgM antibodies, peroxidase conjugated) is 

added which binds specifically to the IgM class antibodies resulting in the formation of typical 

immunocomplexes. After a second washing step to remove excess conjugate, TMB/Substrate is 

added. A blue colour develops changing to yellow after stopping the reaction. The intensity of 
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the colour is directly proportional to the concentration of the antibodies (eg. CMV-IgM-Ab) in 

the specimen. 

 

Appendix 6: Tabulation of the assessed associated factors (characteristic) and test results – See 

below 
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Patient 

Code 

Age Marital 

Status 
Education Occupation Gesta 

-tion 

No. 

Child 

Child 

Defect 

Miscar/ 

Stilbirth 

Exposure 

Children 

Blood 

Trans 

Multi 

Sex P 

Sex 

Protection 

Oral 

Sex 

CMV 

IgM 

CMV 

IgG 

RUB 

IgM 

RUB 

IgG 

HSV2 

IgG 

1 16 S Sec Student 3rd 0   No  No No Yes Pos Pos Neg Pos Pos 

2 25 M Sec Trader 3rd 2   Y, Home  Y, 1 No No Pos Pos Neg Neg Neg 

3 29 M JHS Trader 2nd 2 Blind  No  Y, 2 Y, Condom No Neg Pos Neg Pos Pos 

4 27 M JHS Trader 2nd 2   Y, Home  No No Yes Pos Pos Pos Pos Pos 

5 26 M Sec Trader 3rd 1  Yes Y, Home  Y, 2 No No Pos Pos Neg Pos Pos 

6 35 M JHS Trader 3rd 1   No  No No Yes Neg Pos Neg Pos Pos 

7 39 M Tertiary Teacher 2nd 3   Y, Work  Y, 2 Y, Condom No Neg Pos Neg Pos Neg 

8 32 M Sec Hair dreser 3rd 2   Y, Home Yes Y, 2 No No Pos Pos Neg Pos Pos 

9 34 M Pri Trader 3rd 0  Yes Y, Home  Y, 1 No Yes Pos Pos Neg Pos Pos 

10 32 M JHS Trader 2nd 2  Yes No  Y, 1 No No Neg Pos Neg Pos Pos 

11 38 M JHS Trader 3rd 3  Yes No Yes Y, 2 Y, Condom Yes Neg Pos Neg Pos Pos 

12 31 C Sec Trader 1st 0 Deaf  No  Y, 1 Y, Condom Yes Pos Pos Neg Pos Pos 

13 40 M JHS Trader 2nd 4   Y, Home Yes Y, 3 No No Pos Pos Neg Pos Pos 

14 25 M None Hair dreser 1st 2   Y, Home  Y, 1 No Yes Pos Pos Neg Pos Neg 
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15 28 M Tertiary Teacher 2nd 1   Y, Home  Y, 1 Y, Condom Yes Neg Pos Neg Pos Neg 

16 25 C JHS Hair dreser 3rd 0   Y, Home  No No No Pos Pos Neg Pos Neg 

17 28 C Pri Simstress 2nd 1  Yes Y, Home Yes Y, 1 No No Pos Pos Pos Pos Neg 

18 27 M Pri Hair dresser 3rd 1  Yes No  No No No Pos Pos Neg Pos Pos 

19 28 M Tertiary Teacher 3rd 1   Y, Home  Y, 1 Y, Condom Yes Neg Pos Neg Pos Pos 

20 24 C Tertiary Student 3rd 0   Y, Home  Y, 2 No Yes Neg Pos Neg Pos Pos 

21 31 M JHS Trader 2nd 0  Yes No  Y, 1 No No Pos Pos Pos Pos Neg 

22 32 M JHS Trader 3rd 2  Yes Y, Home  Y, 2 No No Pos Pos Neg Pos Pos 

23 23 M Tertiary Student 2nd 0   Y, Home  No Y, Condom No Neg Pos Neg Pos Pos 

24 30 M Tertiary  Adminstrtor 3rd 0  Yes Y, Home  No No No Pos Pos Pos Pos Neg 

25 26 M Pri House Wife 3rd 2   Y, Home  Y, 1 No No Pos Pos Pos Pos Pos 

26 29 M None Simstress 3rd 0  Yes Y, Home  Y, 1 No No Neg Pos Neg Pos Pos 

27 33 M JHS  Simstress 2nd 2   Y, Home  No No No Pos Pos Neg Pos Pos 

28 30 M Tertiary Teacher 1st 2   Y, Home Yes Y, 1 Y, Condom No Pos Pos Pos Pos Neg 

29 27 M None Trader 2nd 1  Yes No  No No No Pos Pos Neg Pos Pos 

30 34 M Sec Ward Assist 3rd 0   Y, Work  Y, 2 Y, Condom No Pos Pos Neg Pos Neg 
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Patient 

Code 

Age Marital 

Status 
Education Occupation Gesta 

-tion 

No. 

Child 

Child 

Defect 

Miscar/ 

Stilbirth 

Exposure 

Children 

Blood 

Trans 

Multi 

Sex P 

Sex 

Protection 

Oral 

Sex 

CMV 

IgM 

CMV 

IgG 

RUB 

IgM 

RUB 

IgG 

HSV2 

IgG 

31 33 M Tertiary Civil serv 3rd 1  Yes Y, Home  Y, 3 No Yes Pos Pos Neg Pos Pos 

32 42 M JHS Simstress 3rd 3   No  Y, 1 No No Pos Pos Neg Pos Neg 

33 44 M JHS Trader 3rd 7   Y, Home  Y, 1 No No Pos Pos Neg Pos Neg 

34 23 C JHS Hair dresser 2nd 0  Yes Y, Home  Y, 3 No Yes Neg Pos Neg Pos Neg 

35 33 M JHS Trader 2nd 1  Yes No  Y, 1 No No Pos Pos Neg Pos Pos 

36 39 C JHS Trader 3rd 0  Yes Y, Home Yes Y, 1 No No Pos Pos Neg Pos Pos 

37 32 M Sec Trader 3rd 1   Y, Home  Y, 2 Y, Condom Yes Neg Pos Neg Pos Pos 

38 35 M JHS  Simstress 3rd 2  Yes No  Y, 2 Y, Condom No Neg Pos Neg Pos Neg 

39 32 M JHS Trader 2nd 5  Yes Y, Home  Y, 1 No No Neg Pos Neg Pos Pos 

40 32 M JHS Trader 3rd 2  Yes No  Y, 1 No No Neg Pos Neg Pos Pos 

41 40 M JHS Simstress 3rd 3   Y, Home  No No No Neg Pos Neg Pos Pos 

42 29 M Pri Hair dresser 3rd 0   Y, Home  No No No Neg Pos Neg Pos Neg 

43 30 M JHS Trader 3rd 2   No  Y, 2 No No Pos Pos Neg Pos Pos 

44 31 M Sec Nurse 3rd 0  Yes Y, Home  Y, 10 Y, Condom Yes Neg Pos Neg Pos Pos 
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45 26 M Tertiary Health Wk 3rd 0  Yes No  Y, 1 Y, Condom Yes Neg Pos Neg Pos Neg 

46 37 M JHS Trader 3rd 4   Y, Work  Y, 1 Y, Condom No Pos Pos Neg Pos Neg 

47 28 M JHS Hair dresser 3rd 0   Y, Home  Y, 2 No Yes Pos Pos Neg Pos Pos 

48 36 M None Trader 3rd 5  Yes Y, Home  Y, 2 Y, Condom Yes Pos Pos Neg Pos Pos 

49 27 M Pri Trader 2nd 1   Y, Home  Y, 1 Y, Condom No Neg Pos Neg Pos Pos 

50 29 M Sec Trader 2nd 3   Y, Home  No No No Neg Pos Neg Pos Neg 

51 29 M JHS Hair dresser 3rd 1  Yes Y, Home  Y, 2 Y, Condom No Neg Pos Neg Pos Pos 

52 26 C Tertiary Nurse 3rd 0  Yes Y, Home  Y, 1 No No Neg Pos Neg Pos Pos 

53 22 C Sec House Wife 3rd 0  Yes Y, Home  No No No Neg Pos Neg Pos Neg 

54 38 M None Trader 3rd 4   No  No No No Neg Pos Neg Pos Pos 

55 32 M Sec Hair dresser 3rd 3  Yes Y, Home  Y, 2 No No Pos Pos Neg Pos Pos 

56 36 M JHS Trader 3rd 4  Yes No  No No No Neg Pos Neg Pos Pos 

57 28 M Sec Trader 3rd 0   No  Y, 2 Y, Condom Yes Pos Pos Neg Pos Pos 

58 23 M JHS Hair dresser 3rd 0  Yes No  No No No Neg Pos Neg Pos Neg 

59 26 M JHS House wife 2nd 1   Y, Home  Y, 1 No Yes Neg Pos Neg Pos Pos 

60 34 M JHS Trader 3rd 3  Yes No  Y, 1 No No Pos Pos Neg Pos Neg 
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Patient 

Code 

Age Marital 

Status 
Education Occupation Gesta 

-tion 

No. 

Child 

Child 

Defect 

Miscar/ 

Stilbirth 

Exposure 

Children 

Blood 

Trans 

Multi 

Sex P 

Sex 

Protection 

Oral 

Sex 

CMV 

IgM 

CMV 

IgG 

RUB 

IgM 

 HSV2 

IgG 

61 30 M Pri Hair dresser 3rd 0  Yes No Yes Y, 4 Y, Condom No Neg Pos Neg Pos Pos 

62 39 M Pri Trader 3rd 4  Yes No  No No No Neg Pos Neg Pos Neg 

63 24 M Tertiary Civil serv 3rd 0  Yes Y, Home Yes Y, 2 Y, Condom Yes Neg Neg Neg Pos Neg 

64 25 M JHS House wife 3rd 2  Yes Y, Home  No No No Pos Pos Neg Neg Pos 

65 34 M Tertiary Teacher 3rd 1   No  Y, 1 No No Neg Neg Neg Pos Pos 

66 31 M JHS Trader 2nd 2   Y, Home Yes Y, 2 No Yes Pos Pos Neg Pos Pos 

67 35 M Tertiary Teacher 1st 2  Yes Y, Work Yes Y, 1 No No Neg Pos Neg Pos Pos 

68 37 M Pri Hair dresser 3rd 4   Y, Home  Y, 1 No No Neg Pos Neg Pos Pos 

69 33 M None Trader 3rd 2  Yes No  Y, 1 No No Neg Pos Neg Pos Pos 

70 28 M Sec Civil serv 3rd 0   Y, Home  Y, 2 No No Neg Pos Neg Pos Pos 

71 31 M JHS Hair dresser 3rd 2   No  No No No Neg Pos Neg Neg Pos 

72 30 M Pri Trader 3rd 4   Y, Home  Y, 2 No No Neg Pos Neg Pos Pos 

73 36 M Tertiary Teacher 2nd 0   No Yes No No No Neg Pos Neg Pos Neg 

74 28 M JHS House wife 3rd 2  Yes No  Y, 1 No No Neg Pos Neg Neg Pos 
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75 46 M JHS Trader 3rd 2   Y, Home  Y, 1 No No Neg Pos Neg Pos Pos 

76 29 M JHS Hair dresser 3rd 2   Y, Home  Y, 1 No No Neg Pos Neg Pos Neg 

77 24 M Tertiary Teacher 3rd 0   Y, Home  Y, 2 No Yes Neg Pos Neg Pos Neg 

78 30 M JHS Trader 3rd 1   Y, Home  Y, 4 No Yes Neg Pos Neg Pos Pos 

79 29 M Tertiary Simstress 3rd 1  Yes Y, Home  Y, 1 Y, Condom Yes Pos Pos Neg Pos Pos 

80 40 M Pri Trader 2nd 0  Yes Y, Home  No No No Neg Pos Neg Pos Pos 

81 34 M Pri Trader 3rd 3  Yes No  Y, 2 Y, Condom No Neg Pos Neg Pos Pos 

82 34 M Sec Civil serv 3rd 2  Yes No Yes Y, 1 No No Neg Pos Neg Pos Pos 

83 36 C JHS Trader 3rd 0  Yes Y, Home  No No No Neg Pos Neg Pos Pos 

84 35 M Tertiary  Teacher 3rd 2  Yes Y, Home Yes Y, 2 Y, Condom No Neg Pos Neg Pos Pos 

85 28 M Tertiary  Teacher 2nd 0   No  No No Yes Neg Neg Neg Pos Pos 

86 26 M Tertiary  Nurse 2nd 0   Y, Home  Y, 1 Y, Condom Yes Neg Neg Neg Pos Neg 

87 31 M JHS Simstress 3rd 2   No  No No No Neg Pos Neg Pos Neg 

88 28 M Sec Trader 3rd 0   No  Y, 1 Y, Condom Yes Neg Pos Neg Pos Neg 

89 31 M Sec Simstress 3rd 2  Yes No  Y, 1 No No Neg Pos Neg Neg Pos 

90 35 M Sec Simstress 3rd 1  Yes No  Y, 3 Y, Condom No Neg Pos Neg N/T Pos 
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91 39 M Tertiary  Teacher 3rd 2  Yes Y, Home  Y, 2 Y, Condom No Neg Pos Neg N/T Pos 
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