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Abstract

Congenital cytomegalovirus (cCMV) infection can result in permanent neurological problems and is a potentially preventable cause of sensorineural hearing (SNHL) loss in the United Kingdom. There is an urgency to diagnose and assess cCMV as antiviral treatment has only been shown to be effective if started in the first 4 weeks of life.  A recent randomised control trial of six months of treatment using oral valganciclovir has shown modest benefit in preventing hearing deterioration and improving some neurodevelopmental outcomes. Parents and clinicians need to make a timely and informed choice regarding antiviral treatment and ensure relevant non-pharmaceutical interventions are considered. This paper brings together the current evidence regarding the diagnosis and treatment of cCMV, consensus from two paediatric infectious diseases centres and outlines research priorities.

Epidemiology and Transmission

The prevalence of congenital Cytomegalovirus (cCMV) in developed countries is 0.3-0.8% 1[]
. The risk of transmission is higher during later stages of pregnancy; however transmission during early pregnancy is more likely to have severe consequences for the fetus 
 ADDIN EN.CITE 

[2]
. The rate of transmission during pregnancy is 30-40% in primary maternal CMV infection but only 1% when there is maternal CMV reactivation / re-infection. In the UK up to 50% women of reproductive age are CMV seronegative so can have a primary CMV infection during pregnancy, however in populations with high seroprevalence more symptomatic babies will be born to mothers who have evidence of previous infection 
 ADDIN EN.CITE 

[3-5]
.
Clinical features 

Around ten per cent of infants with cCMV, have evidence of CMV disease at birth (often called “symptomatic” disease). This typically involves the reticuloendothelial, hepatobiliary or central nervous systems and can be mild to severe, with up to five per cent mortality.  Those with clinical features suggestive of cCMV need testing (Table 1). Although an over-representation of babies born prematurely has been reported in some cohorts, testing premature babies routinely for cCMV is controversial [6].  Baseline screening to differentiate between congenital and postnatal CMV infection is, however, helpful in extremely premature infants (<28 weeks gestation), who are at risk of symptomatic postnatal infection later in their postnatal course.
Of the ten per cent with symptomatic disease at birth, two thirds will have long-term neurological impairment. Up to fifteen per cent of children who have no clinical signs of CMV disease at birth (often called “asymptomatic”) may also go on to develop sensorineural hearing loss (SNHL) [7]. A detailed review of the clinical epidemiology of cCMV with estimates of prevalence of disease in high and low seroprevalence settings has recently been published [8]. 
Which tests are needed to confirm cCMV? 

Babies can easily acquire CMV postnatally: during delivery, through breast milk or close contact with body fluids. For prognosis and treatment it is critical to distinguish between congenital and postnatally acquired CMV. The diagnosis of cCMV is established by detection of CMV in body fluids in the first 21 days of life, ideally with two independent samples. The sooner after birth the tests are performed the more confident the diagnosis of cCMV can be made. Urine and saliva samples are preferred samples due to greater detection sensitivity but blood (including the newborn blood spot) can also be used 
 ADDIN EN.CITE 

[9,10]
.  If an infant is breastfed then the saliva swab should ideally be taken at least one hour after a feed.  Polymerase chain reaction (PCR) assays are used detect viral DNA, this is more rapid and cheaper than viral culture.
Once cCMV is confirmed, what are the next steps?

1. Determine whether there is evidence of cCMV disease. 

It is important to determine whether there is evidence of symptomatic cCMV (disease) as opposed to asymptomatic cCMV (infection) as this will guide further management.

Clinical features should be documented, and blood, neuroimaging, audiology and ophthalmology assessments should be completed as soon as possible (Tables 1 and 2). 

2. Consider early referral to a paediatric infectious diseases consultant for consideration of treatment, even while further investigations are being planned.

3. All families should be offered the advice and support of the national CMV support group (http://cmvaction.org.uk/).
Treatment and follow up

Any baby with a diagnosis of cCMV and evidence of disease should be considered for six months of oral antiviral treatment. Treatment is with ganciclovir intravenously or its oral prodrug valganciclovir which inhibit CMV replication. Neonatal pharmacokinetic data support a 16mg/kg/dose of valganciclovir oral solution administered twice daily which provides ganciclovir exposure comparable to that of a 6mg/kg/dose of intravenous ganciclovir.  This dose of ganciclovir has been shown to be effective in clinical trials in infants born at 32 weeks gestation or more (see below) 
 ADDIN EN.CITE 

[11, 12]
.  A randomised controlled trial is currently evaluating benefits of treating older children with confirmed SNHL and congenital CMV (clinical trials.gov NCT01649869).    

Table 3 provides guidance on which infants should be offered treatment following a risk versus benefit discussion with the family. 

There have been two randomised controlled clinical trials informing cCMV antiviral treatment decisions. In both trials, medication was started in the first month of life in infants over 32 weeks gestation. The first showed that six weeks of intravenous ganciclovir reduced the risk of progression or development of hearing loss at 12 months of age in infants with central nervous system (CNS) involvement and had a positive effect on neuro-developmental outcome 
 ADDIN EN.CITE 

[12, 13]
. The second trial, compared 6 weeks versus 6 months oral valganciclovir in symptomatic cCMV disease, with and without CNS involvement, and demonstrated that the 6 month course modestly improved audiological and neurodevelopmental outcomes to at least 2 years of age 
 ADDIN EN.CITE 

[14]
. The benefit of six months versus six weeks treatment on hearing was more marked when there was baseline CNS disease, compared to infants with no CNS involvement. The studies were relatively small and the numbers of patients with a specific clinical feature were insufficient to show benefit of treatment in less symptomatic subgroups. 

Treatment does have risks, short-term toxicity, including neutropenia can be anticipated in around half of patients treated with ganciclovir and in a fifth on valganciclovir 
 ADDIN EN.CITE 

[12, 14, 15]
. This may require treatment interruption and rarely administration of granulocyte-colony stimulating factor. Thrombocytopenia and hepatotoxicity can occur in up to 30% of patients. For treatment with IV ganciclovir risks of prolonged intravenous access need to be considered. Long-term toxicity, including potential effects on malignancy risk and fertility, is theoretical but parents should be counselled accordingly 
 ADDIN EN.CITE 

[16]
.

Monitoring of toxicity and response to medication requires a pragmatic approach. Myelo-suppression is most likely to develop in the first month, hepatotoxicity usually happens after the fourth month and renal toxicity is negligible, but any renal impairment may increase toxicity, as these drugs are renally excreted. If the viral load increases during treatment, it may indicate poor adherence or more rarely resistance 
 ADDIN EN.CITE 

[17]
. Table 4 suggests guidelines for monitoring treatment and follow up with audiology, ophthalmology and neurodevelopmental services.
Future questions
Our understanding of cCMV is still limited and individual centres will only care for small numbers of patients necessitating multicentre, national and international collaboration for research. The following are important research priorities:

· What are the benefits of treatment in babies with milder symptoms or no symptoms at birth?

· Is there benefit of starting treatment after the neonatal period (study currently recruiting in UK clinical trials.gov NCT01649869)? 
· What is the safety profile of medication before 32 weeks gestation?

· What are the long-term outcomes of babies treated with antiviral medication?

· When is it cost-effective to screen for cCMV?
· What is the added benefit of conducting MRI above cranial ultrasound performed by a skilled operator on prognosis and long-term outcomes?
Conclusion
Congenital CMV is an important cause of morbidity. The diagnosis and work up for cCMV needs to be timely, so that early treatment can be considered when all relevant investigations are available. The family and infant will commence a long-term relationship with health services and prompt care and counselling is crucial.
Test your knowledge in the multiple-choice questions (appendix 1).
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TABLES
Table 1. Clinical features to trigger screening for congenital cytomegalovirus
	Neonates

	Intracranial ventriculomegaly (without other explanation)

	Calcification on cranial ultrasound (often periventricular)

	Congenital cataracts

	Failed neonatal hearing screen 

	Petechiae or purpura in the newborn

	Hepatosplenomegaly

	Prolonged jaundice with transaminitis

	Unexplained thrombocytopenia 

	Evidence of maternal primary CMV infection in pregnancy1

	Neonates - Consider Screening

	Prematurity 2

	Intrauterine Growth Retardation

	Other children

	Sensorineural hearing loss – new diagnosis


1 Seek expert clinical virology advice for interpretation of virological investigations in pregnancy

2  Baseline screening, to differentiate between congenital and postnatal CMV infection is helpful for extremely premature infants, who are at risk of symptomatic post natal infection.
Table 2. Essential Investigations in confirmed congenital CMV 

	Test
	Comments 7[]


	Bloods

	Full blood count
	Thrombocytopenia (< 100,000 /mm3, nadir at 2 weeks)

	Creatinine, urea & electrolytes 
	Baseline renal function 

	Liver function tests
	ALT >80U/L, conjugated hyperbilirubinaemia, parameters increase in first fortnight

	CMV viral load 
	

	NeuroImaging

	Cranial ultrasound scan and Brain MRI
	An abnormal cranial ultrasound scan can be helpful in expediting care but all infants with confirmed cCMV should have an MRI, although this should not delay treatment if already indicated1

	Referrals

	Ophthalmologist review
	Chorio-retinitis, optic atrophy, cataracts

	Diagnostic auditory assessment
	Auditory brainstem response


MRI: Magnetic Resonance Imaging. ALT: Alanine aminotransferase 

1 The spectrum of abnormalities is wide: periventricular calcifications, ventricular enlargement, white matter changes, cysts, neuronal migration defects and cerebellar hypoplasia all support the diagnosis of central nervous system cCMV disease 
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[18,19]

Table 3. Guidance on treatment decision

	No treatment offered
	Treatment offered

	Asymptomatic

Mildly symptomatic infant with no CNS disease, for example1:

· Isolated Intrauterine Growth Retardation
· Hepatomegaly with normal liver enzymes

· Mild and transient thrombocytopenia

· Isolated elevation of liver enzymes 
	Significant organ involvement

Any central nervous system disease including isolated SNHL2


CNS: Central nervous system. SNHL: Sensorineural hearing loss
1Involvement of a paediatric diseases consultant is recommended in assisting the decision to treat or not, together with parental preference.
2 In case of isolated magnetic resonance imaging findings that are not consistent with CMV disease treatment does not need to be offered
Table 4. Monitoring and follow up according to treatment status

	No treatment offered
	Treatment offered

	
	Treatment should start in the first month of life

Ganciclovir 6mg/kg per dose given twice daily intravenously if not fully enterally fed or 

Valganciclovir oral solution 16mg/kg/dose given twice daily if fed enterally. 

Complete 6 months of antiviral treatment and increase according to weight every month.



	
	Investigations whilst on treatment1

	
	FBC2, LFT and U&E at least weekly on IV ganciclovir 

FBC, LFT and U&E at week 2 and 4 then monthly till completion of treatment course on oral valganciclovir1 

Viral load alternate weekly for the first month, then monthly whilst on antiviral therapy3 

Undertake therapeutic drug monitoring if:

-viral load increasing during treatment4
-toxicity is suspected 

-there is an increased risk of toxicity: prematurity <36 weeks, abnormal renal function 



	Follow up
	Follow up

	Keep under review for first year of life either in a Paediatric infectious disease clinic or general paediatric clinic depending on local agreements.
Audiology assessment every 3 months in the first year, then every 6 months until 3 years of age and then every 12 months until 6 years old5
Monitor development
	Paediatric infectious disease clinic as soon as possible in first month, 2 weeks after starting therapy, at 1 month, then monthly until completes therapy, then at least annually till two years.

Audiology assessment every 3 months in the first year, then every 6 months until 3 years of age and then every 12 months until 6 years old5
Neurodevelopmental assessment at one year in a child development service 

Ophthalmic assessment directed by ophthalmologist, but baseline annual review till the age of 5 years old6



FBC: Full blood count. LFT: Liver function tests. U&E: Urea, creatinine and electrolytes.
1 Increase frequency and/or seek advice if there is deterioration
2 Interrupt treatment if absolute neutrophil count  <0.5 x109/L

3 Measuring viral load is not evidence based but offers some evidence of virus response and that viral resistance is not likely problematic.
4Consider CMV resistance testing (sequencing) in unexplained elevations/breakthrough of viraemia 

5 According to current UK newborn hearing screening guidelines
6 There is limited evidence on late ocular manifestations of cCMV. They are rare and include visual impairment and strabismus 
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