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Abstract 

Human cytomegalovirus (CMV) is a ubiquitous virus that 

has a significant impact on the health of children in Africa 

and globally. It can be acquired antenatally in utero (cCMV) 

or postnatally (pCMV) via breastmilk, genital secretions, or 

blood products. CMV can also be transmitted via solid organ 

or hematopoietic stem cell transplants. Clinical presentation 

of CMV varies based on the age and immune status, with 

children living with HIV exhibiting significant complications 

from co-infection. Most children with cCMV are 

asymptomatic but may develop deafness and 

neurodevelopmental delay later in childhood. pCMV in 

preterm or low birth weight babies may lead to pneumonitis, 

necrotizing enterocolitis, or a severe sepsis-like syndrome. 

Ganciclovir and valganciclovir, its oral prodrug, are the 

only anti CMV drugs available in most African countries 

though their use is not widespread. New drugs and vaccines 

are being developed to improve treatment options and 

prevent the transmission of CMV. Strategies to manage 

cCMV include the use of longer durations of ganciclovir as 

a treatment option to prevent deafness. 
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Introduction 

Though Human Cytomegalovirus (CMV) infection is ubiquitous and is usually asymptomatic or 

presents with a mild mononucleosis like disease, congenital infection and infection in immune 

compromised children can cause complex and life-threatening disease. CMV infection may contribute 

to poor health outcomes in adults and children without immune deficiency.1 

 

The aim of this article is to review the various clinical presentations of CMV in children and to highlight 

advances in the prevention, diagnosis and treatment of CMV as well as to describe future innovative 

strategies that are being explored. 

 

Epidemiology 

Human CMV, also known as human herpesvirus 5, is a member of the herpesvirus family 

(Herpesviridae), the beta-herpesvirus subfamily (Betaherpesvirinae), and the 

Cytomegalovirus genus. The viral genome contains double-stranded DNA that ranges in size from 196 

000 to 240 000 base pairs encoding at least 166 proteins and is the largest of the human herpesvirus 

genomes. CMV virus establishes latency by persisting in leukocytes and tissue cells after a primary 

infection. It can be intermittently shed leading to symptomatic infection especially if the host becomes 

immune suppressed.2 

 

CMV can be acquired antenatally in utero (cCMV) or postnatally (pCMV) via breastmilk, genital 

secretions, and blood products. CMV can also be transmitted with solid organ or hematopoietic stem 

cell transplantation. The incubation period for horizontally transmitted CMV infections is highly 

variable. Infection usually presents 3 to 12 weeks after blood transfusions and between 1 and 4 months 

after organ transplantation. For vertical transmission through breast milk in preterm infants, the median 

time to onset of CMV viruria is 7 weeks (range, 3–24 weeks).3 

 

CMV infection results in various clinical presentations dependent on the age and immune status of the 

child.4 Older infants can acquire CMV at day care centres through direct contact with virus containing 

secretions and transmit the virus to their mothers or day care staff.  

 

Pathogenesis 

CMV establishes latency in its host, but reactivation can occur in response to various stimuli, and this 

results in infection of new cells causing end organ infection. Reactivation causes the release 

of cytokines such as tumour necrosis factor alpha and interferon gamma resulting in inflammation. 

CD8+ T-cells play a critical role in controlling CMV infection and disease. Therefore, in patients with 

T cell deficiency viral replication is uncontrolled and results in excessive shedding of CMV. 

Major disease from CMV is often linked to inflammation, including pro-inflammatory cytokine 

production and is usually limited to situations where the immune system is significantly suppressed or 

still immature. 

 

Diagnosis 

CMV can be diagnosed by detecting virus (culture, molecular testing such as PCR or viral load) or by 

detecting antibodies to CMV infection. The diagnosis is complicated by the ubiquity of the virus, the 

high rate of asymptomatic shedding and the frequency of reactivation. 

  

Most laboratories now use quantitative real-time polymerase chain reaction (PCR; viral load) tests to 

diagnose active CMV disease and monitor response to therapy.  Testing can be done on a range of 

specimens including cerebrospinal fluid, amniotic fluid, human milk, aqueous and vitreous humor, 

urine, saliva, nasopharyngeal and tracheal aspirates as well as blood; however, detection of CMV DNA 

does not always indicate disease. The test is usually done on urine or saliva for the diagnosis of cCMV. 

Dried blood spots have been shown to have a low sensitivity for diagnosing cCMV.5  
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Viral load testing can be done using plasma or whole-blood specimens. Higher values are observed in 

whole-blood specimens compared with plasma. The same assay and specimen type should be used for 

monitoring patients over time.  

 

COBAS AmpliPrep/COBAS TaqMan CMV test is a real-time PCR test that targets the polymerase gene 

and is calibrated to the World Health Organization (WHO) international standard to quantify the CMV 

load in plasma with a reported range from 137 to 9,100,000 international units (IU)/mL. Viral load is 

usually reported in IU/mL and as a logarithmic value. Viral load can be used to assess response to 

treatment. 

 

 

CMV can be cultured using human fibroblast cells. Conventional culture may take one to six weeks to 

show cytopathic changes, so it has largely been replaced by shell vial culture which is faster. This 

technique involves low-speed centrifugation and detection of CMV early antigen prior to the 

development of characteristic cytopathic effects in tissue culture.  The centrifugation of specimens 

increases the absorption of virus. Cell monolayers are then exposed to monoclonal antibodies against 

early antigen and antibody binding indicates "early" CMV replication within the cells. 

 

Histologic examination of tissue is useful for the diagnosis of invasive disease. Diagnosis is based on 

the presence of inclusion bodies. These are usually basophilic intranuclear inclusions, although 

eosinophilic cytoplasmic inclusions have also been reported. The diagnosis of CMV in tissue sections 

can be confirmed with specific immunohistochemical stains.6 

 

As CMV establishes latency and virus is shed periodically, the diagnosis of CMV related end organ 

disease relies on demonstrating the presence of CMV virus with clinical and or histological features 

that is suggestive of disease. Detection of viral DNA from the target organ can provide strong evidence 

that the disease is caused by CMV infection.  Lung biopsies, while being invasive and usually only 

done post-mortem  are the “gold standard” for diagnosing CMV pneumonia.7,8 

 

Current and or prior infection with CMV can also be assessed through serology. However, CMV IgM 

may persist for several months and can be representative of past infection rather than current infection. 

 

IgG avidity assays measure the binding strength between IgG antibodies and CMV. This can help 

differentiate a primary CMV infection from a past CMV infection. Following primary infection IgG 

antibodies have low binding strength (low avidity) but over 2 to 4 months they mature and then have 

high binding strength (high avidity). Avidity testing can be used in pregnancy. 

 

Congenital CMV (cCMV) 
CMV is usually transmitted antenatally from mother to child in the setting where the mother acquires 

CMV for the first time while pregnant or when CMV is reactivated during pregnancy. CMV IgM can 

be detected in pregnant women with non-primary infections, so it is often interpreted along with CMV 

IgG avidity. A positive IgM with a low IgG avidity implies a recent infection whereas a high IgG avidity 

implies a lower risk of infection to the fetus. cCMV is defined as detection of the CMV virus in urine 

or saliva of the neonate before 3 weeks of age. Previously, the earliest age that prenatal CMV infection 

could be detected in the urine by culture was 3 weeks thus providing the time to differentiate between 

perinatal and congenital infection. However, specimens now need to be taken as soon as possible after 

birth to confirm cCMV. Most neonates with cCMV are asymptomatic with around 10% being 

symptomatic.  

 

Symptomatic neonates can present with jaundice, petechiae, purpura, hepatosplenomegaly, 

microcephaly, intracerebral (typically periventricular) calcifications and retinitis. Developmental delay 

and sensorineural hearing loss can occur among affected infants in later infancy and early childhood. 

 

Both symptomatic and asymptomatic infants may go on to develop sensorineural hearing loss with 

around a third of symptomatic and 10% of asymptomatic neonates developing hearing loss. The 
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majority of these neonates will have normal hearing at birth. 9 cCMV is the most common non-genetic 

cause of sensorineural hearing loss in resource rich countries. 10 Symptomatic neonates treated with 6 

weeks of intravenous ganciclovir have shown improved hearing outcomes.11 While treatment with 

valganciclovir for 6 months moderately improved hearing and developmental long term outcomes, there 

was no difference between 6 weeks versus 6 months of treatment on hearing outcomes at the 6-month 

time point.12 

 

Recently analyses of initial samples of cCMV infants have identified a 16-gene signature associated 

with the development of sensorineural hearing loss with 92% accuracy13  which could potentially lead 

to a biomarker predicting hearing loss. 

 

Table 1.  Prevalence of cCMV in various African countries  

 

Author and year of 

publication 

Country Screening 

method  

Special 

population 

Prevalence 

Schopfer 1978 Cote d’Ivoire Urine culture NA 28/2032 (1.4%) 

van der Sande 2007 Gambia Urine PCR NA 40/741 (5.4%) 

Mwaanza 2014 Zambia Urine & saliva 

PCR 

HIV 15/395 (3.8%) 

Manicklal 2013 South Africa Saliva swab PCR HIV 22/748 

(2.9%) 

Otieno 2019 Kenya Saliva swabs and 

DBS PCR 

NA 39/1078 (3.6%) 

Olusanya 2015 Nigeria Saliva PCR NA 10/263 (3.8%) 

Kaye Gambia Urine PCR NA 11/281 (3.9%) 

Morgan 2003 Egypt Urine PCR NA 10/175 (5.7%) 

Salwa 2011 Egypt Urine culture NA 2/178 (1.3%) 

Pathirana 2019 South Africa Saliva swab PCR HIV + and HIV- 67/2685 (2.5%) 

Tshabala 2018 South Africa Saliva swab PCR HIV+ and HIV- 18/302 (6%) 

 

 

The prevalence of cCMV in Africa varies between 1.3-6.3%.14 Table 1 shows the prevalence of cCMV 

in various African countries. This is higher than the global prevalence that is reported at around 1%.15 

Children infected with human immunodeficiency virus (HIV) are at higher risk of cCMV than those 

that are HIV-exposed but uninfected.16 In addition, CMV may increase the risk of in-utero HIV 

transmission.17 

 

Postnatal CMV (pCMV) 
pCMV is defined as detection of the virus after 21 days of life with the exclusion of cCMV.18 Healthy 

term neonates are usually asymptomatic probably as a result of protection induced by maternal 

antibodies. 

 

Preterm (less than 32 weeks gestational age) and very low birth weight (less than 1.5kg)(VLBW) 

neonates are at risk of a severe sepsis like syndrome, pneumonitis, bronchopulmonary dysplasia and 

necrotizing enterocolitis (NEC) after acquiring CMV postnatally via breastmilk ingestion. 19 Almost no 

CMV is detected in colostrum but CMV DNA is increasingly detected in breastmilk from about three 

weeks and reaches a maximum limit at 4 to 8 weeks.20 In a prospective cohort study that followed 

infants born to CMV positive mothers who were CMV negative at birth and followed for 14 weeks, 

about half the VLBW preterm infants became CMV infected and a fifth developed clinically significant 

symptoms. None of the infants included in this study received treatment for pCMV infection with 

valganciclovir or ganciclovir during the study period21 Those that became CMV infected had longer 

hospital stays and more episodes of prolonged neutropenia. However, NEC and bronchopulmonary 

dysplasia were not increased in those that became CMV-infected. 
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An infectious mononucleosis-like syndrome with prolonged fever and mild hepatitis may occur in about 

10% of immunocompetent older children and adolescents. 

 

CMV and HIV 

As previously stated cCMV is more common in children infected with HIV and can increase the risk of 

in utero transmission of HIV. In addition, it may impact on HIV-exposed and uninfected (HEU) children 

as highlighted by a study of Zambian HEU infants in whom cytomegalovirus infection was associated 

with poor growth and lower cognitive development. 22 In addition, children not on antiretroviral therapy 

(ART) can present with pneumonia, oesphagitis, colitis, retinitis, meningoencephalitis, or transverse 

myelitis.23,24 A syndrome that includes fever, thrombocytopenia, leucopenia and mild hepatitis may also 

by typical of CMV infection. 

 

Human cytomegalovirus is a plausible driver of immune activation and inflammation in 

immunocompromised people.25,26  Higher levels of CMV-specific IgG are associated with 

atherosclerosis in adults living with HIV on ART.27 In an Italian cohort of adults living with HIV virally 

suppressed on ART, CMV seropositivity was associated with a 2.3 -fold higher incidence of 

cardiovascular events.28  In addition, in asymptomatic adults living with HIV that were treated with 

valganciclovir,  inflammatory biomarkers that strongly predict myocardial infarction and arterial 

inflammation (sCD163 and sICAM-1) were decreased. 29,30 There is limited evidence on how CMV 

infection affects future atherosclerosis or cardiovascular outcomes in perinatally HIV-infected children. 

 

CMV and TB 

Recently the association between CMV and tuberculosis (TB) has been highlighted in a study that 

showed that infants who acquired CMV before 24 months of age had an increased risk of tuberculosis 

disease between ages 1 and 9 years with an adjusted hazard ratio of 4.2 (95% CI 2·0–8·8; p<0∙0001). 

Those with a high cytomegalovirus viral load seem to be at the highest risk.31 Interestingly, CMV was 

not associated with higher rates of tuberculin skin test conversion but rather progression from infection 

to disease. Another case control study in  South African infants found that the presence of IFN-γ 

responses specific to cytomegalovirus were associated with activated CD8+ T cells and a 22-times 

increase in the risk of tuberculosis disease.32 

 

CMV in children with Primary Immune deficiencies 

Infants with a primary immune disorder of cellular function for example severe combined immune 

deficiency; natural killer (NK) cell disorders may also present with severe or fatal pCMV infection.33 

 

CMV infection in children with NK cell disorders can lead to 

haemophagocytic lymphohistiocytosis (HLH). This is a life-threatening condition characterized by 

excessive immune activation and can be diagnosed clinically when patients meet five out of eight 

criteria: fever, splenomegaly, cytopenias affecting two or more blood lineages, hypertriglyceridemia 

and/or hypofibrinogenemia, haemophagocytosis, low/absent NK cell activity, hyperferritinemia and 

high soluble interleukin-2 receptor levels.34 In addition, active and latent CMV infection induces 

sustained systemic inflammatory responses and immune dysregulation and predisposes patients to the 

development of autoimmune phenomena.35 Persistent CMV can also drive progression to lymphoid 

malignancy. CMV retinitis, colitis and pneumonitis may also be seen in children with primary immune 

deficiencies. 

 

Treatment 
Antiviral therapy is not usually indicated for CMV infections in immunocompetent children. For 

symptomatic cCMV, treatment with ganciclovir or valganciclovir (depending on severity of illness) is 

recommended for 6 months and should be started within the first month of life and as soon as the 

diagnosis is confirmed. pCMV colitis and pneumonitis are also indications for ganciclovir treatment. 

Treatment is usually continued until there is clinical resolution but for at least 3 weeks and often up to 

6 weeks. 
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Table 2 summarizes drugs that have been used to treat CMV. Only 5 drugs have been approved by the 

Food and Drug Administration for the treatment of CMV: Foscarnet (1991), Ganciclovir (1994), 

Valganciclor (2001), Cidofovir (1996) and Letermovir (2017).  

 

Table 2. Drugs for the treatment of CMV infection 

 

Anti-CMV Drugs  Route of 

administration 

Toxicity 

Ganciclovir Intravenous myelotoxicity + nephrotoxicity 

Valganciclovir oral myelotoxicity + nephrotoxicity 

Foscarnet Intravenous myelotoxicity + nephrotoxicity 

Cidofovir Intravenous myelotoxicity + nephrotoxicity 

Brincidofovir oral myelotoxicity + nephrotoxicity 

Letermovir Oral and Intravenous none 

Maribavir oral dyseugia, nausea, diarrhea, vomiting 

 

 

Ganciclovir/valganciclovir (prodrug of Ganciclovir) phosphorylates CMV specific kinases and is 

incorporated into viral DNA and inhibits the viral polymerase by acting as a chain terminator. 

Resistance develops through mutations in UL97 that encodes for viral kinases or mutations in UL54 

that encodes the viral polymerase. 

 

Foscarnet inhibits the pyrophosphate binding site on viral polymerase while Cidofovir or Brincidofovir 

(its oral derivative) is also phosphorylated by cell kinases and acts as a chain terminator. Viral 

polymerase is the common target and certain mutations in UL54 can confer cross resistance to 

ganciclovir and Foscarnet. As a result of cross resistance as well as hematological and nephrotoxicity 

of currently available anti-CMV drugs, new drugs are being developed. 

 

Letermovir inhibits the terminal phase of the viral lifecycle, targeting the sub-unit pUL56 of the 

terminase enzyme complex. It is CMV specific and does not have activity against herpes simplex virus 

(HSV). It can be given orally or intravenously and is currently approved for adult stem cell transplant 

recipients. Unfortunately, it has a low barrier for resistance and a single mutation can lead to 

resistance.36 

 

Maribavir, a benzimidazole, is a competitive inhibitor of ATP binding to pUL97 (a protein kinase that 

phosphorylates itself and other proteins essential for the viral lifecycle).37 Mutations in UL97 and UL27 

confer resistance. pUL97 is needed for phosphorylation and antiviral activity of ganciclovir, thus 

ganciclovir and maribavir are antagonistic. It has in vitro activity against Epstein Barr virus (EBV) but 

not HSV 1 and 2, Varicella Zoster virus, Human Herpes virus 6 and 8. It can cause dysuegisia.36 The 

primary indication for Maribavir is for latent infection and refractory CMV, however recurrence has 

been documented. It is available for compassionate use for children in the United Kingdom and 

resistance has already been described in this population.38 

 

Passive human immunoglobulin (HIG) has been used to prevent mother-to-child transmission of CMV 

and delay progression of CMV disease in solid organ transplant patients. A monoclonal antibody that 

would mimic this response would be of great benefit. Trials are ongoing for TRL345 and this appears 

to be the most promising candidate. 39 

 

Sirtuins are host-targeted antivirals (HTAs) that are directed against the host cell processes upon which 

viruses are dependent. Compared to directly acting antivirals, HTAs have the potential to reduce or 

eliminate viral resistance and demonstrate broad-spectrum activity. First-generation HTAs, such as 

interferons, broadly activate the host’s innate and adaptive immune responses (e.g. hepatitis B and C) 

but are limited by toxicity. 
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Prevention 

Due to the ubiquity of CMV infection the development of a safe and efficacious vaccine is of great 

interest. However there are three major obstacles to achieving this goal:  lack of clarity as to the best 

population to target for vaccination (pregnant mothers or breastfeeding infants) ; virological obstacles 

such as the latency of CMV, reactivation of CMV disease during periods of immune suppression and, 

CMV’s ability to evade immune response by using cell to cell spread; and laboratory-based obstacles 

such as unknown correlates of protection and a lack of animal models available for experimentation. 
40,41 

 

The earliest published efforts were in the mid-1970s which used attenuated virus but these did not 

provide sufficient clinical protection. 42,43While an increasing number of vaccine candidates has been 

developed none have, as yet been licensed. Live-attenuated vaccines based on an attenuated AD169 

strain are currently undergoing a phase 2 trial in Japan.  44 Subunit vaccines that contain only the 

antigenic parts of CMV have been described since the 1990s.45 However, these vaccines often need 

boosting or combination of an adjuvant due to their poor immunogenicity and the most recent trial from 

2016 showed a vaccine that was safe but not efficacious.46 Other methods that have been tried include 

virus vectored vaccine using modified Vaccinia Ankara or lymphocytic choriomeningitis virus; 

chimeric peptidic vaccines which place pathogenic antigen coding genes in safe organisms and more 

recently messenger RNA vaccines which use similar methodology to that used in the successful Covid 

vaccines .47-49 

 

Valganciclovir have been used to prevent cCMV in CMV positive pregnant women.50 

Hyperimmune globulin did not consistently prevent cCMV in pregnant women who were CMV 

positive.51 

 

 

Conclusion 

In summary, CMV is an ubiquitous virus that may often be asymptomatic but can cause a significant 

burden of morbidity in children through various clinical presentations.  Diagnosis can be made on 

multiple specimens and usually requires molecular techniques as well as clinical or histological 

presence of disease. There are relatively few drugs licensed to treat CMV, however new drugs are being 

developed and vaccines to prevent CMV infection are in the pipeline. 
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