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What virus starts with a “C” and doesn’t cause 
global pandemics but is an urgent, impactful, 
treatable, common cause of congenital hearing 
loss?


Urgent
Requires management within 3 weeks of birth

Impactful
The only non-cancer research study in 
otolaryngology to have been published in the 
NEJM in the past 5 years

Treatable
The only medically treatable form of congenital 
SNHL

Common
The most common cause of acquired congenital 
SNHL

Cytomegalovirus (CMV) (NOT coronavirus)
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CMV Pathophysiology

Williamson, 1992
Rosenthal, 2009
Rivera, 2002
Grosse, 2008
Steininger, 2007
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CMV-associated hearing loss 
can have any pattern

20-30% of CMV(+) will have SNHL


0.2-0.6/1000 live births = 1000 new cases/year in the US
May be vastly underestimated

0.6% of all babies 
born are CMV(+)	

CMV prevalence CHIMES Study

Where: University of Alabama, 
Mississippi, Cincinnati, New 
Jersey, Charlotte, Pittsburgh, UT 
Southwestern

Who: 100,000 newborns

What: Universal CMV screening 

Outcomes: Congenital CMV 
infection and hearing loss

CMV screening CHIMES

SNHL (infant)
20

All asymptomatic neonates
99,945

Refer NHS
961

CMV +
31

Pass NHS
98,984

CMV +
412

CMV -
930

CMV -
98,572

~20% SNHL
200

SNHL (infant)
15

SNHL (infant)
~0

Fowler, 2017

CMV Hearing loss Long-term Outcomes

18-year follow up of asymptomatic congenital 
CMV cohort identified by universal CMV 
screening

Lanzieri, 2017 Lanzieri, 2017
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CMV Hearing loss Long-term Outcomes

18-year follow up of asymptomatic congenital 
CMV cohort identified by universal CMV 
screening

10% with SNHL at birth
25% with SNHL by age 18

65% with progressive SNHL, with new-onset and 
progressive SNHL documented up to 18 years of 
age

89% of children with congenital unilateral hearing 
loss progress to profound in that ear

75% of children with unilateral hearing loss 
developed hearing loss in the contralateral ear

Lanzieri, 2017

•  Highly variable
•  Frequently progressive
•  Onset/progression throughout 

childhood
•  Occurs with or without other 

symptoms
•  ONLY occurs with prenatal 

transmission

CMV characteristics Summary
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Prenatal screening healthy pregnant women 
 - requires multiple serologic tests
 - not routinely performed


Neonatal (up to 2-3 weeks) culture or PCR from urine, saliva or blood

- gold standard

Newborn screening saliva PCR assays 

 - not routinely done

Postnatal PCR assay from dried newborn blood spots

- 99% specificity
- 30% sensitivity

CMV Testing

CMV Neonatal Testing

Culture or PCR from urine or saliva

Gold standard test

Only reliable for congenital CMV
detection up to 2-3 weeks of age


CMV Postnatal Acquisition

Peckham, 1987



CMV DBS testing

•  Dried Blood Spot

•  Guthrie Cards

•  Newborn Screening

•  Storage in CA

CMV DBS testing

Boppana et al., JAMA 2010

DBS CMV PCR 
(vs saliva culture)

34.4% sensitivity
99.9% specificity 

CMV DBS testing

Boppana et al., JAMA 2010

DBS CMV PCR 
(vs saliva culture)

34.4% sensitivity
99.9% specificity 

If positive CMV DBS  – definite congenital CMV infection
If negative CMV DBS – does not exclude congenital CMV infection

CMV testing (CMV PCR/culture)

Is sensitive AND specific before 3 weeks
Is sensitive but NOT specific after 3 
weeks
Best test before 3 weeks

CMV DBS testing

Is specific but NOT sensitive
Is the only specific test after 3 weeks
Only test after 3 weeks

CMV Testing Summary
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Because of the drastic drop in test 
performance after 3 weeks, CMV-
associated hearing loss is much better 
detected early in life

How can we identify it early?

1)  Universal neonatal CMV screening

All babies undergo CMV testing


2)  Hearing-targeted CMV screening
Babies who refer on newborn hearing screening 
all undergo CMV testing

CMV Screening



Estimated Yield CMV screening

From an estimated 1-year cohort of babies 
(500,000 in California):

~1,000 children are born deaf/hard of hearing

Hearing-targeted CMV screening could 
permit definitive identification of cCMV as the 
cause of SNHL for 50-100 children in CA
-  Surveillance
-  Prognosis
-  Treatment (?)

Universal CMV screening could additionally 
permit definition identification of cCMV and 
hearing loss for 100-200 children in CA
-  Surveillance (JCIH guidelines)
-  Prognosis
-  Treatment (?)
-  Earlier Identification

Hearing-targeted CMV screening

2013: Utah bill mandating CMV 
testing on all babies who refer 
on NHS

Hearing-targeted CMV screening

2013: Utah bill mandating CMV 
testing on all babies who refer 
on NHS

Hearing-targeted CMV screening

•  100,000 infants born
•  700 eligible for CMV testing
•  234 CMV tested within 21 days
•  14 CMV positive (6% of tested)
•  6 with congenital CMV-associated hearing loss 

(2.5% of tested)

Hearing-targeted CMV screening

Infants who underwent CMV screening were more likely to 
have undergone diagnostic testing within 3 months

Hearing-targeted CMV screening

Implementation of hearing-targeted CMV 
screening significantly improved rate of 

diagnostic testing completed within 90 days
(56% to 77%)



HT-CMV Screening Legislation

	
The	State	of	CMV	Congenial	Cytomegalovirus	(CMV)	Education	and	Testing	Programs	in	the	United	States:	Four	State	Case	Studies	
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CMV Prevention

Most common route of transmission -> contact 
with saliva and urine of infected infants/toddler

-  Daycare workers
-  Caregivers of infants and toddlers

Risky behaviors:

-  Changing diapers
-  Sharing food with infant/toddler
-  Poor handwashing


CMV Prevention

Education

1) Adler et al (2004)
166 seronegative (high-risk) mothers randomized 
to no education or hygiene and CMV education:

Reduction in maternal CMV infection rate from 
42% to 6%

2) Revello et al (2015)
331 seronegative mothers received education on 
CMV and hygiene best practices, compared to 
control group

Reduction in neonatal CMV infection rate from 
7.6% to 1.2% 

CMV Prevention

Education

1) Adler et al (2004)
166 seronegative (high-risk) mothers randomized 
to no education or hygiene and CMV education:

Reduction in maternal CMV infection rate from 
42% to 6%

2) Revello et al (2015)
331 seronegative mothers received education on 
CMV and hygiene best practices, compared to 
control group

Reduction in neonatal CMV infection rate from 
7.6% to 1.2% 

Education of pregnant women is highly effective in 
preventing congenital CMV infection

Treatment Valganciclovir for CMV hearing loss

NIAID Collaborative Antiviral Study Group
Kimberlin et al., NEJM 372(10):933-43

Multinational 31-institution Phase III 
randomized, controlled clinical trial

109 infants < 30 days old 
Symptomatic congenital CMV
43% with baseline hearing loss

6 wks vs. 6 mos PO valganciclovir
24-month follow up

Significantly increased odds of hearing 
improvement or stabilization of normal hearing 
with 6-month course (OR (1.02-6.91) at 24 
months)



NCT03301415 

Multi-institution Phase II open-label trial

48,000 asymptomatic newborns to be screened
241 expected cCMV infants
229 expected to have normal hearing
All receive 4 mo valganciclovir

Primary Endpoint: hearing level at 6 months
Secondary Endpoint hearing level at 18 months; safety

CMV-associated SNHL Valganciclovir trial

NCT01649869

Multi-institution Phase II randomized, controlled clinical trial

6 wks PO valganciclovir vs. placebo
Age 1 month – 4 years with sensorineural hearing loss

Congenital CMV by neonatal urine CMV or dried blood spot 
CMV

CMV-associated SNHL Valgan Toddler Study

NCT03107871 (ValEar Trial)

Multi-institution Phase II randomized, controlled clinical trial

Age 1 month – 6 months with congenital CMV-associated 
isolated SNHL

6 mos PO valganciclovir vs. placebo

Auditory, speech, language, developmental outcomes

Currently enrolling!

CMV-associated SNHL ValEar Trial

NCT03107871 (ValEar Trial)

1)  Age 1-6 months
2)  > 37 weeks gestational age at birth
3)  Positive congenital CMV by urine culture or PCR by 21 

days’ age, OR Positive congenital CMV by urine culture/
PCR AND positive newborn dried blood spot PCR

4)  Confirmed SNHL by auditory brainstem response (ABR)

Exclusion criteria:
1)  Symptomatic CMV
2)  Parent/guardian does not speak English or Spanish


CMV-associated SNHL ValEar Trial

CMV treatment (6 months valganciclovir):

•  Can prevent progression of hearing 

loss
•  Is of unknown efficacy in kids with 

isolated CMV-associated hearing loss 
AND in older kids

•  Not currently officially recommended 
by AAP Red Book

•  Is being discussed with parents in 
collaboration with ID/OHNS

CMV Treatment Summary

Babies under 3 weeks of age with referred NHS
-  CMV testing (urine/saliva PCR or culture)
-  Diagnostic audiologic testing

Babies over 3 weeks of age with referred NHS
-   Diagnostic audiologic testing

Babies and children 3 weeks - 6 months of age with confirmed SNHL
-  CMV urine culture/PCR
-  If positive, CMV DBS testing
-  If confirmed congenital CMV and SNHL, consider ValEAR trial

Children over 6 months of age with confirmed SNHL
-  Consider CMV DBS testing (for etiologic workup for SNHL)
-  If positive, consider prognosis in management decision-making

CMV-associated SNHL Current Practice - UCSF



cCMV and SNHL UCSF Experience

Lee, 2019

•  2 years consistent testing:
•  Hearing-targeted CMV 

screening (~30/year)
•  CMV dried-blood-spot 

testing (~100/year)
•  10 cases of congenital CMV-

associated SNHL identified in 
2 years

CMV DBS testing
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Parents motivated for CI?
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Consider valganciclovir
Discuss prognosisSevere-Profound?
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Single-sided deafness/asymmetric SNHL

HA/BAHA/CROS

Assymmetric SNHL Testing algorithm
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•  8 mo boy
•  Congenital R profound, L 

moderate SNHL
•  Underwent R CI at 12 

months

x	 x	 x	
x	

x	 x	
x	 x	

8 months
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CMV DBS testing

PositiveNegative

Parents motivated for CI?

YesNo

MRI

Consider valganciclovir
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YesNo

NormalCN hypoplasia Consider CI

4 mo girl
Congenital R profound, L mild-moderate SNHL

HA/BAHA/CROS
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•  4 mo girl
•  Congenital R profound, L 

mild-moderate SNHL

x	

Current

x	
x	 x	 3/15: ID

SR

•  4 mo girl
•  Congenital R profound, L 

mild-moderate SNHL

•  6 mo valganciclovir 
treatment (completed 1/16)

•  Underwent R Med-El Flex 
28

x	 x	 x	 x	 8 months: 
Post valgan

Current

x	
x	 x	 4 months

SR

•  4 mo girl
•  Congenital R profound, L 

mild-moderate SNHL

•  6 mo valganciclovir 
treatment (completed 1/16)

•  Underwent R Med-El Flex 
28

x	 x	 x	 x	x	 x	 x	
x	

8 months
18 months

Current

CI	 CI	 CI	

CI	x	
x	 x	 4 months

SR
•  4 mo girl
•  Congenital R profound, L mild-

moderate SNHL

•  6 mo valganciclovir treatment 
(completed 1/16)

•  16 mo: R Med-El Flex 28

•  2.5 yrs – drop in L hearing

•  Age-appropriate speech, 
language, auditory skills (PLS, 
GFTA, LittlEars)

•  Underwent contralateral CI

•  Impact of valganciclovir 
treatment?

x	 x	 x	 x	 8 months

30 months

CI	 CI	 CI	

CI	
x	 x	 x	

x	 18 months
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10 yo boy
L SSD (onset: age 7)
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10 yo boy
Congenital CMV

Underwent L CI 
(Cochlear 532)

R slight-mild SNHL

6-month follow-up
Consistent user

AZBio 79%
CNC word 58%

TM

Questions?


