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Cytomegalovirus

• Belongs to ß-herpesvirus family

• Large ds-DNA (~250 kb size genome)

• Large, inclusion-bearing cells (typical owl’s eye 
appearance)

• Highly species-specific virus  

• CMV strains are highly genetically diverse



• Adverse outcomes of pregnancy

• Still births, intrauterine growth restriction and preterm birth 

(Iwasenko, JID 2011; Periera, JID 2014)

• Disease burden from congenital CMV 

▪ Mortality and morbidity during newborn period

▪ Long-term sequelae

• Hearing and balance disorders, vision loss, and 

neurodevelopmental delays

CMV infection during pregnancy



Congenital CMV infection

• Most frequent congenital infection

• Leading non-genetic cause of sensorineural hearing 

loss and brain disease in children

• Most (85%) infected newborns have no clinical 

abnormalities (subclinical or asymptomatic infection) 

• 10-15% with asymptomatic infection develop sequelae 

(mainly hearing loss)

• 50-60% of symptomatic children develop sequelae 



Public health importance of congenital CMV 
infection 

Congenital CMV infection rates in live births

US, Canada, Western Europe, Australia & Japan – 0.5%-0.7%

Latin America, Africa and most countries in Asia – 0.4%-6%

Newborns with congenital CMV infection annually 

    U.S.  20,000 – 30,000 

    Brazil  15,450 – 25,750

    India  ~230,000



• Leading non-genetic cause of SNHL                                                                                                      

• Leading cause of neurodevelopmental 

delays 

  - 0.5% mortality

  - 17-20% with ≥ 1 long-term sequelae                                 

                        

Morton 2006; Dollard 2007; Cannon 2009; Manicklal 2013 
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Moderate to severe symptomatic cCMV Disease

Multiple cCMV Findings 

• Thrombocytopenia

• Petechial rash

• Hepatomegaly

• Splenomegaly

• IUGR 

• Hepatitis (elevated LFTs)

CNS involvement 

• Microcephaly

• Imaging: (ventriculomegaly, 
calcifications, cortical or 
cerebellar malformations) 

• Chorioretinitis

• SNHL 

• Abnormal CSF indices

• CMV DNA in CSF 



Mildly symptomatic cCMV disease
 1-2 isolated, mild, transient cCMV manifestations 

Asymptomatic cCMV with isolated SNHL 

 No apparent abnormalities + SNHL 

Asymptomatic cCMV infection

 No apparent abnormalities + normal hearing

Rawlinson, 2017



Neurodevelopmental Sequelae 

Symptomatic cCMV 

• 43-64% with global 
developmental delay 

• 30-43% with gross motor delay 

• 50% with intellectual/cognitive 
delays 

• Prognostic indicators → 
microcephaly, radiological 
findings, chorioretinitis 

Asymptomatic cCMV 

• No developmental delays 
compared to controls 

• No significant gross/fine motor 

• No speech/language delay if 
corrected for SNHL 

• SNHL onset < 2 yrs → low 
receptive/vocab scores 

• Normal intellectual/cognitive 
development

• No biomarkers or predictors for 
adverse outcome 

Pesch (review) 2024



Sensorineural Hearing Loss (SNHL)
• Association initially described in 1964

• The most common cause of non-hereditary SNHL 

• Prevalence of cCMV-associated SNHL → 12.6%

  - 1 of 3 with symptomatic cCMV

  - 1 of 10 with asymptomatic cCMV 

• Unique characteristics 

 Onset → newborn vs late-onset/delayed

 Progression → stable vs progressive 

 Severity → mild – moderate – severe/profound

 Fluctuant

 Laterality → unilateral vs bilateral 

• No definitive virological prognostic indicators 



cCMV-associated SNHL

Goderis 2014 

Median age of delayed-onset SNHL → 44m (Asx) vs 33 m (Sx) 



cCMV-associated Vestibular Insufficiency 

• Incidence 19-92%

• Symptomatic cCMV > Asymptomatic cCMV

• Independent of severity and laterality of SNHL 

• ??Most common sequela of cCMV; Vestibular Rehabilitation



2016 HealthStylesTM surveys



Follow-up



CMV seroprevalence rates among women of reproductive age 
and birth prevalence of congenital CMV 

Manicklal, Clin Microbiol Rev 2013

Cannon, Rev Med Virol 2010



• Primary CMV infection - Initial acquisition
• Seroconversion 
• Positive CMV IgG, IgM and low IgG avidity
• Intrauterine transmission – ~30%
• Accounts for 25 - 50% of congenital CMV infections in US

• Non-primary CMV infection – Acquisition prior to pregnancy
• Positive CMV IgG, negative IgM, and high IgG avidity
• Intrauterine transmission – ~1%
• Accounts for majority of congenital CMV infections

Maternal CMV Infection



CMV Seroconversion Rates 

Population group Annual  rate (95% CI)

Pregnant women

Healthcare workers caring for 

children

Daycare workers

Parents of young children

Children not shedding CMV

Children shedding CMV

2.3% (2.1-2.4)

2.3% (1.9-2.9)

8.5% (6.1-11.8)

2.1% (0.3-6.8)

24% (18-30)

Hyde TB, Schmidt DS, Cannon MJ. Rev Med Virol 2010



• Preconception period – 5.2%

• Periconceptional period – 16.4%

• First trimester – 36.5%

• Second trimester – 40.1%

• Third trimester – 65%

Primary CMV infection during pregnancy
Rates of intrauterine transmission

Picone et al. Prenat Dign 2013
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Cutts et al. Int J Epidemiol 1999



What proportion of congenital CMV infections are 

attributed to non-primary maternal infections?  



Estimated no. of children with congenital CMV in the U.S. from 

mothers with primary and non-primary infection during pregnancy

Wang, Clin Infect Dis 2011



Contribution of primary and non-primary 
maternal CMV infections 

Marisa Mussi-Pinhata and colleagues



1) 1000 at risk for                                          1) Unknown number at risk for

     infection1                                                       reinfection/reactivation1

2) Seroconversion rate                                  2) Reinfection rate 4-17%2

     2-4%2

3) Intrauterine transmission                           3) Intrauterine transmission 

    rate 30%3                                                        rate 27.5%-6.5%3

Primary Maternal Infection Non-Primary Maternal Infection

1000 seronegative women                1000 seroimmune women

6-12 congenital infections4         9-45 congenital infections4

Britt W, Med Microbiol Immunol, 2015



The paradox of cCMV and maternal non-primary 
CMV Infections  

Britt W 2020

Goderis 2014

• Non-primary >> primary maternal CMV infections
• Similar frequency of sequelae 
• CMV reactivation vs re-infections 

Boppana 2001;Ross 2006; Mussi-Pinhata 2018; St-Georges 2025

Boppana et al. 2001



Prevention of Maternal and Fetal Congenital CMV infection



Behavioral intervention trial to prevent primary CMV infection

Revello MG et al. Ebiomedicine. 2015 Sep; 2(9): 1205–1210.

4/331 (1.2%) vs 24/315 (7.6%) – Delta 6.4, 95% CI 3.2-9.6, p<0.001



• Hyperimmune globulin is ineffective 
                                                                                                                             Hughes 2021 

• Oral valacyclovir for primary CMV maternal infections 

   - 1st trimester infections 

   - decreased amniotic fluid CMV PCR positivity

   - decreased incidence of cCMV 

                                                   Shahar-Nissan 2020; Faure-Bardon 2021

• Fetal CMV infection – efficacy of treatment unknown

                                                                           D’Antonio 2023

• US → No systematic CMV screening during pregnancy 



Hyperimmune globulin failed to prevent congenital CMV infection

Revello, N Engl J Med, 2014



NICHD MFMU Network CMV Hyperimmune Globulin Trial

Hughes B. 2021



Probability of Remaining Free of CMV Infection following 
CMV gB immunization

Pass RF et al. N Engl J Med 2009;360:1191-1199

Vaccine efficacy based on infection rates per 100 person-years: 50% 

(95% CI, 7 to 73)



CMV Vaccines 

No currently approved 
CMV vaccine

Boppana 2023



Gaps and Challenges

Awareness and 
Prevention

Maternal infections

Vaccines 

Pathogenesis

SNHL/ VI

Maternal-fetal transmission

Interventions

Hearing aids/ Cochlear 
implants

Vestibular/OT/PT/educational

Biomarkers

cCMV outcomes

Transmission in non-
primary infections 

cCMV



Deciding How to Respond

Step 1: Identify 
the technique

Conspiracy

Fake Experts

Selectivity

Impossible expectations

Misrepresentation/False logic

Step 2: Identify 
the topic

Trust

Threat of disease

Effectiveness

Safety

Alternatives

Step 3: Respond 
with key message

Unmask the technique used

Use key messages that relate 
to the topic raised

Questions???
sbboppana@uabmc.edu 
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