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Abstract

With an estimated prevalence of 0.6% in newborn infants, human cytomegalovirus (CMV) is the most common congenital infec-
tion worldwide [1]. Such an infection can result in a wide range of brain abnormalities, affecting both grey and white matter [2,3]. A

postnatal infection with CMV is defined as an infection (proven by virus detection) within the first year of life but later than 2 weeks
after delivery [4].

Transmission of the virus from mother to child may occur during pregnancy (congenital CMV infection), during childbirth (peri-
natal CMV infection) or after birth (postnatal CMV infection) [5]. Infected breast milk is the major source in the postnatal period.
Recent studies utilizing the more sensitive polymerase chain reaction (PCR) technology have demonstrated the presence of CMV
DNA in breast milk from more than 90% of seropositive women [4]. CMV infection acquired postnatally in a healthy, full-term infant
is typically asymptomatic and without sequelae [6]. In contrast, very low birth weight (VLBW) preterm infants who acquire CMV
postnatally may be completely asymptomatic or can have a sepsis-like syndrome with abdominal distention, apnoea, hepatomegaly,
bradycardia, poor perfusion, and respiratory distress [4,7].

In this review, we will discuss the evidence of postnatal transmission of CMV to VLBW preterm infants, resulting clinical syn-
dromes, diagnosis and treatment in symptomatic babies.
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Epidemiology of Postnatal CMV Infection

Acquisition/Transmission

Human cytomegalovirus (CMV) is ubiquitous. Acquisition of primary CMV infection is usually asymptomatic, and healthy subjects

will usually be unaware that they have been infected. Once acquired, CMV remains latent in the cells primarily of the myeloid lineage [8].

The virus has been found to reactivate intermittently even in healthy people, but is generally kept in check by a functioning immune
system. In immunocompromised hosts, including foetuses acquiring infection transplacentally from their mothers in utero, CMV disease
may occur, affecting multiple organs and causing significant morbidity and mortality.

Newborns, in particular those of low birth weight or extreme prematurity, should also be considered as immunocompromised hosts.

Research in this group has been limited, although serious morbidity following CMV infection has been increasingly reported [9].
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Risk factors for postnatal CMV transmission:
Viral and transmission route risk factors

Infection in the neonatal period can occur either in utero, usually via the placenta, in which case it is referred to as congenital infec-
tion, or perinatally/ postnatally from the birth canal, maternal breast milk, blood transfusion, or other body fluids from infected people
excreting virus [9]. The risk of CMV transmission via breast milk was first identified in the late 1960s by Diosi., et al. [10], and, in term
infants, infection was found to be nearly always asymptomatic. Using PCR to detect CMV in breast milk separated into cell containing
and cell-free whey fractions, it was found that up to 96% of seropositive women had CMV DNA detectable in their breast milk, termed
DNAlactia [11]. Human CMV transmission has been found to occur despite maternally derived neutralising antibodies. No difference has
been found between transmitters and non-transmitters with respect to age, race, duration of lactation, duration of human CMV excretion
in milk, presence of human CMV specific IgA antibody or infectivity titres of virus in milk (using viral culture methods) [12]. However, a
relationship has been found between both the proportion of breast milk intake given as fresh breast milk in the first 4 weeks of life and

early appearance of virus in milk with acquisition of CMV infection [7,13].

The recognition of the risk of CMV transmission from blood transfusions has led to the universal use of leucodepleted and/or CMV-

negative blood, virtually eliminating the risk of acquisition via this route [14].

Infant host risk factors

The developmentally immature preterm immune system may facilitate viral pathogenicity, although the exact mechanisms remain
unclear. It has been proposed that subsets of NK cells are up regulated in infants with postnatal CMV infection, reflecting an inadequate
T-cell response [15]. Despite heavily relying on innate immunity, antiviral cytokines such as IFN-a are produced in limited amounts in

preterm infants [16].

Prevention of transmission of postnatal CMV

Severe symptomatic postnatal CMV infection may be prevented by treating or withholding infected breast milk. In the general popula-
tion of preterm infants, the American Academy of Pediatrics suggests that the value of using fresh breast milk from seropositive mothers
outweighs the risk of postnatal CMV infection [17]. However, in Germany, Austria and Switzerland untreated fresh breast milk is prefer-

ably not given to preterm infants < 32 week GA or < 1500 g BW because of the risk of postnatal CMV infection [18].

Freeze-thawing has been shown to decrease CMV viral titers and infectivity by 90-100% (depending mainly on the duration of freez-
ing) [7]. Pasteurisation at 62.50C for 30 min (Holder pasteurisation) has been reported to efficiently eliminate CMV, but is also known to
alter the immunological properties of breast milk [19]. A further method of pasteurising milk at high temperatures for a short time (5 s
at 72°C) is reported to decrease infectivity while preserving marker proteins, thus possibly minimising the adverse effects of heating, but

this is not widely available [20].

The risk of CMV-negative babies acquiring CMV from banked breast milk from CMV-positive donors should be considered, but is not
generally a problem in the UK, where milk is frozen, Holder pasteurised and then frozen again according to UKAMB 2003 guidance [21].

Diagnosis of Postnatal CMV Infection

Detection of CMV

A CMV PCR of a urine, blood or saliva sample is currently the most commonly used method to determine a postnatal CMV infection. At
present, there is no gold standard for the diagnosis of postnatal CMV infection. However, a negative sample taken within 3 weeks postpar-
tum and thereafter a positive sample is indicative of a postnatal CMV infection. This diagnostic standard is used in most studies reported
so far [22]. CMV DNA can also be detected after extraction from dried blood spots (Guthrie cards) stored from all babies in the UK. A posi-

tive result can therefore be helpful in ascertaining whether a baby was congenitally infected or not [23].
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Clinical signs and symptoms
CMV is able to affect various organ systems with varying degrees of severity, leading to a morbidity that ranges from mild and self-
limiting to overt and life-threatening. Mortality in postnatal CMV infection in preterm infants is rarely reported in the literature. CMV

sepsis-like syndrome (CMV-SLS) in preterm infants is commonly defined as the triad of apneas, bradycardia and gray pallor of the skin

which are the most common clinical presentations of symptomatic postnatal CMV infection [24].

Other commonly described signs and symptoms of postnatal CMV infection with unknown prevalence, including acute hepatitis, hepa-
tosplenomegaly and CMV pneumonia [25]. CMV enterocolitis, jaundice, cholestasis, petechiae and lymphadenopathy, are infrequently
associated with postnatal CMV infection [22,26].

Laboratory abnormalities

Thrombocytopenia is the most frequently reported laboratory abnormality in postnatal CMV infection. Neutropenia, elevated liver
enzymes and (mild) elevation of C-reactive protein are other reported parameters [27]. Frequently, blood abnormalities are the only
manifestations of symptomatic postnatal CMV infection and only found coincidentally during standard clinical care of the preterm infant.
Neuroimaging

In term infants with congenital CMV infection, lenticulostriate vasculopathy recognized with cranial ultrasonography was present in
54.3% of the investigated infants [28]. Streblow,, et al. [29], suggested that CMV infection of the susceptible brain may lead to necrotizing
inflammation and subsequent mineralization of the wall of the lenticulostriate arteries. In a recent study by Nijman., et al. [30], diffusion
tensor imaging was used in preterm infants with postnatal CMV infection and compared with non-infected preterm infants. At term-
equivalent age, differences in the white matter microstructure were found in the occipital region.

Predictors of Severity Of Postnatal CMV Infection

Factors that are predictive of more severe symptomatic postnatal CMV infection are increasingly recognized and include GA and time
of viral detection. Urine and saliva CMV load and differences in CMV genotype seem less suitable as a severity predictor [24].
Gestational age and birth weight

The main established predictors of severe symptomatic postnatal CMV infection are extreme prematurity and VLBW (<1500 g) [4,22,31].

Time of viral detection

Maschmann,, et al. [25], demonstrated that the age of the infant at the time of first virus detection in urine correlated with the risk of
symptomatic infection and depended on birth weight. The authors suggested that preterm infants with a greater birth weight and delayed

transmission event are more able to cope with a primary postnatal CMV infection and therefore will experience an asymptomatic course.

Viral load

In the absence of an association of viral load with symptomatic postnatal CMV infection, it seems unlikely that viral load in urine, saliva
or breast milk can be used as a predictor of severity [24].
Pre-existing morbidity

In preterm infants with severe comorbidity, postnatal CMV infection may aggravate the clinical course of a preexisting condition, but it
is unlikely to cause symptoms in otherwise healthy preterm infants. It is largely confounded by GA as extreme prematurity (i.e., <26 weeks)

is generally associated with (severe) comorbidity [24].
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Long-Term Sequalae of Postnatal CMV Infection
Sensorineural hearing loss

Sensorineural hearing loss (SNHL) has not been reported among infants with a postnatal CMV infection. Permanent and late onset

hearing loss do not seem to be associated with the clinical course of a postnatal CMV infection in preterm infants [32,33].

Neurodevelopmental outcome

Because of limited studies with small patient numbers, there is no clear consensus on the long-term neurodevelopmental outcome
of preterm infants with a postnatal CMV infection. However, the majority of studies suggest that long-term outcome of postnatal CMV
infection in preterm infants is within the normal range, although infected infants may have impaired cognitive and motor scores when

compared to non-infected infants [27,37].

Treatment of Postnatal CMV Infection
Evidence

Severe, life-threatening symptomatic postnatal CMV infection in extremely preterm infants (GA < 26 weeks) may be treated using an-
tiviral medications (i.e., ganciclovir and/or valganciclovir) in the absence of other treatment options. Evidence for treatment in postnatal

CMV is sparse and based purely on case reports.

A number of authors have found benefit in using Ganciclovir for treatment of neonatal hepatitis and cholestasis and gastrointestinal
manifestations [35]. In babies with congenital CMV, treatment with Ganciclovir showed less incidence of sensory neural hearing loss and
better neurodevelopmental outcome in the treated group of infants [34-36]. However, these studies were limited to term infants with

congenital CMV infection with CNS involvement and cannot be extrapolated to preterm infants with symptomatic postnatal CMV infection.

Medications and Whom to treat

In preterm infants with severe life-threatening symptomatic postnatal CMV infection, the use of ganciclovir and valganciclovir has
been reported taking in consideration of the clinical course of infection and comorbidities. Antiviral treatment was given in the form of
intravenous ganciclovir or oral valganciclovir for 4 - 6 weeks on average. Subsequently, it was observed that treatment allows clinical
and especially hematological parameters to normalize again. After cessation of therapy, asymptomatic viral shedding may be observed
[7,31,38,39]. If antiviral treatment is commenced, toxicity of the antiviral medication (e.g., neutropenia, bone marrow suppression and

cholestasis) should be closely monitored.

Intravenous administration of hyperimmune globulin (IVIG) containing anti- CMV antibodies to postnatally infected (and symptom-

atic) preterm infants has been reported [26,40].

Conclusion

Postnatally acquired CMV infection via infected breast milk is not uncommon and is an underestimated problem. The majority of
postnatal CMV infections remain asymptomatic specially in healthy term infants or are associated with mild symptoms or laboratory

abnormalities such as thrombocytopenia or elevated liver enzymes.

Extremely preterm infants (GA < 26 weeks) are at high risk of symptomatic postnatal CMV infection and the risk becomes more evident

with lower gestational age.

As breast milk is irreplaceable for extreme preterm infants, more efforts are needed to minimize or even eliminate the risk of postnatal
CMV infection via breast milk without losing the nutritional and immunological properties of the milk. More studies are needed to identify
those who are at risk of severe symptomatic postnatal CMV infection and to work toward a clear and internationally applicable definition

of symptomatic postnatal CMV infection with a consensus on the treatment and follow up protocols.

Citation: Mahmoud Montasser, MSc., MRCPCH and Shetty Bhushan, MRCPCH. “Postnatally Acquired Cytomegalovirus Infection in Preterm
Infants: When we Need to Treat?”. EC Paediatrics 4.1 (2017): 23-29.



Postnatally Acquired Cytomegalovirus Infection in Preterm Infants: When we Need to Treat?

27

Bibliography

1.

10.

11.

12.

13.

14.

15.

16.

17.

Swanson EC and Schleiss MR. “Congenital cytomegalovirus infection: newprospects for prevention and therapy”. Pediatric Clinics of
North America 60.2 (2013): 335-349.

Fink KR, et al. “Neuroimaging of pediatric central nervous system cytomegalovirus infection”. Radiographics 30.7 (2010): 1779-1796.

Alarcon A, et al. “Clinical, biochemical, and neuroimaging findings predict long-term neurodevelopmental outcome in symptomatic

congenital cytomegalovirus infection”. Journal of Pediatrics 163.3 (2013): 828-834.

Hamprecht K, et al. “Epidemiology of transmission of cytomegalovirus from mother to preterm infant by breastfeeding”. Lancet
357.9255 (2001): 513-518.

Nijman ], et al. “Postnatally acquired cytomegalovirus infection in preterm infants: a prospective study on risk factors and cranial
ultrasound findings”. Archives of Disease in Childhood - Fetal and Neonatal Edition 97.4 (2012): F259-F263.

Dworsky M., et al. “Cytomegalovirus infection of breast milk and transmission in infancy”. Pediatrics 72.3 (1983): 295-299.

Hamprecht K, et al. “Cytomegalovirus transmission to preterm infants during lactation”. Journal of Clinical Virology 41.3 (2008):
198-205.

Sinclair J. “Human cytomegalovirus: latency and reactivation in the myeloid lineage”. Journal of Clinical Virology 41.3 (2008): 180-
185.

Luck S and Sharland M. “Postnatal cytomegalovirus: innocent bystander or hidden problem?” Archives of Disease in Childhood - Fetal
and Neonatal Edition 94.1 (2009): F58-F64.

Diosi P, et al. “Cytomegalovirus infection associated with pregnancy”. Lancet 290.7525 (1967): 1063-1066.

Vochem M., et al. “Transmission of cytomegalovirus to preterm infants through breast milk”. Pediatric Infectious Disease Journal 17.1
(1998): 53-58.

Stagno S., et al. “Breast milk and the risk of cytomegalovirus infection”. New England Journal of Medicine 302.19 (1980): 1073-
1076.

Doctor S., et al. “Cytomegalovirus transmission to extremely low-birthweight infants through breast milk”. Acta Paediatrica 94.1
(2005): 53-58.

Gilbert G., et al. “Prevention of transfusion-acquired cytomegalovirus infection in infants by blood filtration to remove leucocytes.
Neonatal Cytomegalovirus Infection Study Group”. Lancet 1.8649 (1989): 1228-1231.

Schleiss MR. “Cytomegalovirus in the neonate: immune correlates of infection and protection”. Clinical and Developmental Immunol-
ogy (2013): 501801.

Sharma AA,, et al. “The developing human preterm neonatal immune system: a case for more research in this area”. Clinical Immunol-
ogy 145.1 (2012): 61-68.

Johnston M,, et al. “Breastfeeding and the use of human milk”. Pediatrics 129.3 (2012): e827-e841.

Citation: Mahmoud Montasser, MSc., MRCPCH and Shetty Bhushan, MRCPCH. “Postnatally Acquired Cytomegalovirus Infection in Preterm
Infants: When we Need to Treat?”. EC Paediatrics 4.1 (2017): 23-29.



Postnatally Acquired Cytomegalovirus Infection in Preterm Infants: When we Need to Treat?

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

28
Buxmann H,, et al. “Feeding of very low birth weight infants born to HCMV-seropositive mothers in Germany, Austria and Switzer-
land”. Acta Paediatrica 99.12 (2010): 1819-1823.

Lawrence L. “Storage of human milk and the influence of procedures on immunological components of human milk”. Acta Paediatrica
88.430 (1999): 14-18.

Hamprecht K, et al. “Cytomegalovirus (CMV) inactivation in breastmilk: reassessment of pasteurization and freeze-thawing”. Pediat-
ric Research 56.4 (2004): 529-535.

United Kingdom Association for Milk Banking. Guidelines for the establishment and operation of milk banks in the UK. London:
UKAMB (2003).

Lanzieri TM,, et al. “Breast milk-acquired cytomegalovirus infection and disease in VLBW and premature infants”. Pediatrics 131.6
(2013): €1937-e1945.

Barbi M, et al. “Diagnosis of congenital cytomegalovirus infection by detection of viral DNA in dried blood spots”. Clinical and Diag-
nostic Virology 6.1 (1996): 27-32.

Gunkel J., et al. “Predictors of severity of postnatal infection in preterm infants and implications for treatment”. Expert Review of Anti-
infective Therapy 12.11 (2014): 1345-1355.

Maschmann J., et al. “Cytomegalovirus infection of extremely low-birth weight infants via breast milk”. Clinical Infectious Diseases
33.12 (2001): 1998-2003.

Wakabayashi H., et al. “Low HCMV DNA copies can establish infection and result in significant symptoms in extremely preterm in-
fants: a prospective study”. American Journal of Perinatology 29.5 (2012): 377-382.

Kurath S., et al. “Transmission of cytomegalovirus via breast milk to the prematurely born infant: a systematic review”. Clinical Micro-
biology and Infection 16.8 (2010): 1172-1178.

Amir ], et al. “Is lenticulostriated vasculopathy a sign of central nervous system insult in infants with congenital CMV infection?”
Archives of Disease in Childhood 96.9 (2011): 846-850.

Streblow DN,, et al. “Mechanisms of cytomegalovirus-accelerated vascular disease: induction of paracrine factors that promote an-

giogenesis and wound healing”. Current Topics in Microbiology and Immunology 325 (2008): 397-415.

Nijman J., et al. “Reduced occipital fractional anisotropy on cerebral diffusion tensor imaging in preterm infants with postnatally

acquired cytomegalovirus infection”. Neonatology 104.2 (2013): 143-150.

Mehler K, et al. “High rate of symptomatic cytomegalovirus infection in extremely low gestational age preterm infants of 22-24

weeks’ gestation after transmission via breast milk”. Neonatology 105.1 (2014): 27-32.

Vollmer B, et al. “Postnatally acquired cytomegalovirus infection via breast milk: effects on hearing and development in preterm
infants”. Pediatric Infectious Disease Journal 23.4 (2004): 322-327.

Nijman ], et al. “Hearing in preterm infants with postnatally acquired cytomegalovirus infection”. Pediatric Infectious Disease Journal
31.10 (2012): 1082-1084.

Citation: Mahmoud Montasser, MSc.,, MRCPCH and Shetty Bhushan, MRCPCH. “Postnatally Acquired Cytomegalovirus Infection in Preterm
Infants: When we Need to Treat?”. EC Paediatrics 4.1 (2017): 23-29.



Postnatally Acquired Cytomegalovirus Infection in Preterm Infants: When we Need to Treat?
29

34. Bevot A, et al. “Long-term outcome in preterm children with human cytomegalovirus infection transmitted via breast milk”. Acta
Paediatrica 101.4 (2012): e167-e172.

35. Fischler B,, et al. “Ganciclovir treatment in infants with cytomegalovirus infection and cholestasis”. Journal of Pediatric Gastroenterol-
ogy and Nutrition 34.2 (2002): 154-157.

36. Kimberlin DDW,, et al. “Effect of ganciclovir therapy on hearing in symptomatic congenital cytomegalovirus disease involving the

central nervous system: a randomized, controlled trial”. Journal of Pediatrics 143.1 (2003): 16-25.

37. Oliver SE,, et al. “Neurodevelopmental outcomes following ganciclovir therapy in symptomatic congenital cytomegalovirus infec-

tions involving the central nervous system”. Journal of Clinical Virology 46.4 (2009): S22-S26.

38. Fischer C,, et al. “Severe postnatally acquired cytomegalovirus infection presenting with colitis, pneumonitis and sepsis-like syn-

drome in an extremely low birth weight infant”. Neonatology 97.4 (2010): 339-345.

39. Dorn M, et al. “Long-term neurobiological consequences of early postnatal hCMV-infection in former preterms: a functional MRI
study”. Human Brain Mapping 35.6 (2014): 2594-2606.

40. Takahashi R, et al. “Severe postnatal cytomegalovirus infection in a very premature infant”. Neonatology 92.4 (2007): 236-239.

Volume 4 Issue 1 May 2017
© All rights reserved by Mahmoud Montasser, MSc., MRCPCH and Shetty Bhushan, MRCPCH.

Citation: Mahmoud Montasser, MSc., MRCPCH and Shetty Bhushan, MRCPCH. “Postnatally Acquired Cytomegalovirus Infection in Pre-
term Infants: When we Need to Treat?”. EC Paediatrics 4.1 (2017): 23-29.



