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Learning Outcomes

After this course, participants will be able to:

- Describe the pathophysiology of CMV infection in
pregnancy.

- List the diagnostic options for identifying fetal CMV.

- List the treatment options available for CMV in
pregnancy



Resources

- Patients

- Other professionals

- Pathology, Immunology, Pediatric Infectious Diseases,
Obstetrics & Gynecology, Maternal Fetal Medicine

- Literature



Objectives

- Review the pathophysiology, diagnosis and treatment
of congenital cytomegalovirus (CMV) infection
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Terminology

- CMV — cytomegalovirus, member of the herpes virus
family
- As such, shares viral characteristics of other herpes viruses

- Primary infection, latency, recurrence, etc.
- Proclivity for neurons

- IgM, 1gG
- Avidity
- Roughly speaking, strength of association

- T-cells

- For our discussion, generally the type of WBC that
contends with viruses



Pereira - why does CMV have such a
proclivity for pregnancy?

- Infection, particularly uterine, in pregnancy is more
virulent due to immune tolerance

- Avidity rises slowly, and is somewhat unpredictable
- A “tolerant” environment for CMV infection

- T cells are attracted to the uterus and placenta
- Concentrates CMV infected cells in the uterus

- CMV then grows into the decidua, where avidity rises even
slower

- CMV stays in the uterus, where avidity continues to
languish

- Causes placental impairment, FGR, even if fetal infection
not present






Auriti — on CMYV infection in pregnancy

- “A key issue emerged in the last years is the key role of
placental impairment in the pathogenesis of congenital
CMYV infection”

- Although CMV-associated congenital disorders are
attributed to a direct infection of the fetus, abnormal
development and function of the placenta may also
strongly contribute to disease development and severity

- CMV replicates in cytotrophoblasts
- Interferes with cytotrophoblast differentiation and invasion and
proper development of new villi

- Leads to placental edema/fibrosis and impaired transport of
oxygen and nutrition to the fetus

- May in some cases lead to FGR even if the fetus per se is not
infected






Zhuang - how does CMV cause sensorineural
hearing loss (SNHL) in fetuses?

- “Little is known regarding the factors that initiate the
inflammatory process in SNHL induced by CMV”

- Their group has shown that downstream inflammatory
factors are activated in CMV-infected cochleae

- Spiral ganglion neurons (SGN) convey electric signals to

the brain
- Inflammation and apoptosis

- Inflammation may damage the SGN of the inner ear
through the round window membrane leading to SNHL

- Bradford has reported that cochlear SGN apoptosis occurs
in murine CMYV infection, leading to SNHL






Who is harboring and transmitting
CMV?

- Everyone, but especially toddlers

- Person to person
- Non-sexual contact — secretions

- Also
- Sexual activity
- Lactation
- Transfusion
- Transplantation






Children =
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Transmission summary

- In US, primary infection is the concern, though most
iInfections are probably recurrent (less virulent)

- In other cultures, secondary infection, reinfection, etc.
may predominate

- If 1st trimester infection occurs, the perinatal
transmission rate is lower, but the consequences are
higher

- If 3" trimester infection occurs, the perinatal
transmission rate is higher, but the consequences are

lower
- Of course, there is a continuum



How common IS seroconversion
(primary infection)?

- Depends on the demographic (Hyde)
- All pregnancies — about 2%
- Day care workers — at least 8%
- Parents of a shedding toddler — about 24%

- 40-50% with primary infection transmit to fetus
- Highest in 3™ trimester
- Fetal illness worst in 18t and 2"9 trimesters

- Overall, 25% risk of symptomatic disease with primary
infection



Asymptomatic phenotype - SNHL

- Note: this slide is only here to state the obvious
enormous personal and public health problem

- This baby looks perfect, but nothing to stop him (or
her) from having SNHL due to CMV



Symptomatic phenotype &
prognosis

- Symptomatic with CNS or brain involvement (not at
all subtle)

- Microcephaly
- Neurologic signs
- Seizures, infantile spasms, hemiparesis, abnormal tone
- Brain imaging
- Ventriculomegaly, calcifications (periventricular),
periventricular white matter lucencies, cortical

maldevelopment (polymicrogyria, fetal brain disruption

sequence), lenticulostriate vasculopathy, cysts, cerebral
atrophy, etc.

- Hepatitis, jaundice, thrombocytopenia, elevated CSF
protein



Microcephaly









Recurrent or non-primary infection

- Less severe phenotype

- Still a very common cause of hearing loss
- Since it occurs more often, the numbers add up



Maternal diagnosis

- CMV IgG & IgM

- These may wax and wane

- Technically should be several weeks apart, but the
clock is ticking in pregnancy
- IgM index 2 4.5

- An increase in IgG might be informative

- The presence of IgG, with or without IGM, should
suggest immunity

- Almost all immunity presents as presence of both IgG
& IgM

- Maternal CMV PCR



Affinity v avidity



Avidity

- Revello

- Hi avidity suggests a longer, more enduring infection
(immunity)
- <15% - < 6 weeks
- <35% - <12 weeks

- Rouse
- 1gG avidity less than 32 %



MFM Units Network calculator

- Predictors of congenital infection after maternal
primary infection

- Rouse, Obstetrics & Gynecology, 2022

- Predictors
- Government assisted insurance
- IgM index 4.5 or greater
- 1gG avidity less than 32 %
- Positive maternal CMV PCR

- calculator
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Antenatal ultrasound suspicion of
fetal infection

- Echogenicities
- Calcifications
- Fetal growth restriction
- Placentomegaly
- Hepatosplenomegaly
- Ascites, effusions, hydrops
- Microcephaly & other intracranial changes



Fetal diagnosis

- Amniocentesis

- Amniotic fluid PCR
- Might be a bit less accurate earlier in pregnancy



Strategies to decrease congenital
CMV

- Prevention

- Screening
- Newborn
- Prenatal?

- Valaciclovir

- Novel therapies
- Monoclonal antibodies
- mMRNA vaccine



Prevention - definitions

- Primary

- Prevent maternal infection in the first place
- Secondary

- Prevent perinatal transmission in the infected mother
- Tertiary

- Newborn intervention



Primary prevention

- Avoid saliva & urine

- Hygiene
- Hand washing
- Avoid contact with secretions
- Don’t share food, utensils, etc.









The maddening under recognition and
inattention to congenital CMV

- Provider knowledge
- Pesch 2020

- OB provider knowledge is low

- Demmler-Harrison
- The elephant in the room



Do not screen

- CDC
- ACOG
- SMFM

- Billette de Villemeur
- No proven treatments

- Screening results in increased death due to
termination

- Emphasize hygiene instead
- Across the board, the rationale for ignoring the

problem is that there is no known treatment for
perinatal disease




CDC'’s position on screening

- Routine screening for primary CMV infection during
pregnancy is not recommended in the United States for
several reasons:

- Most laboratory tests currently available to identify a first-
time infection can be difficult to interpret
- True, unless you invest in understanding some immunology
- Current tests cannot predict if the fetus may become
infected or harmed by infection

- True, but also prognosis difficult to assign for many fetal
disorders we evaluate

- The lack of a proven treatment to prevent or treat infection
of the fetus reduces the potential benefits of prenatal
screening

- Current state of play — may be untrue



Treatment per se - valaciclovir
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Leruez Ville, 2016

- Treated 43 patients with fetal infection & mild ultrasound
features

- Valaciclovir 8 grams/day
- Majority of neonates were asymptomatic
- Higher platelet counts
- Lower viral levels

- Results indicate that high-dosage valacyclovir given in
pregnancy is effective for improving the outcome of
moderately symptomatic infected fetuses

- Although not a randomized controlled trial, this was the
first study reporting the efficacy of an antiviral drug to treat
cytomegalovirus-infected fetuses



Shahar-Nissan, 2020

- Prospective, randomized, double blinded trial
- 90 patients with primary maternal infection
- Amnio done for both groups

- Lower transmission & neonatal infection in the
treatment group

- “Valaciclovir is effective in reducing the rate of fetal
CMV infection after maternal primary infection
acquired early in pregnancy”

- “Early treatment of pregnant women with primary
infection might prevent termination of pregnanc;les or
delivery of infants with congenital CMV”



Faure Bardon, 2021

- Case control study
- Clinic screening prior to 14 weeks

- 310 patients with primary infection
- 269 had amniocentesis for PCR

- 65 treated with valaciclovir 8 grams/day for 35 days
- Average gestational age treatment onset 12.71 weeks

- 65 untreated patients as controls
- Lower infection rate in treated patients

- One mother had acute renal failure, resolved after
treatment stopped



Monitoring therapy — Nigro & Adler

- Maternal CMV DNAemia independently predicts
iInfant outcomes

- This may help patient counseling



Outcomes — prognosis after
treatment

- Depends upon:
- Timing of seroconversion & fetal infection
- Antenatal ultrasound findings

- Possibly some relationship to maternal viremia &
response to treatment

- Newborn findings



Pregnancy termination — decision
making

- Timing of diagnosis

- Avidity

- Evidence of fetal disease
- Mild?
- Severe

- Amnio results



Novel treatments (Acosta)



Novel treatments on the horizon
(Acosta)

- Other viral targeted therapies

- Transplant and immunosuppressed patient
experience

- Monoclonal antibodies
- Vaccination



Monoclonal antibodies

- Tabata, Pereira & others
- mAbs decreased CMV attachment/entry in placental
explants
- Vlahava
- Used Cytotect (clinical grade donor pooled HIG)

- Examined NK cell activation in CMV infected target
cells

- Activated cellular immunity, as opposed to viral neutralization
per se

- Note: mADbs being investigated in newborns and non-
pregnant settings

- Stem cell transplant in immunocompromised patients



CMYV vaccine

- Moderna
- mMRNA
- Phase 3
- Estimated completion April 2026
- University of Alabama and multiple other sites

- Merck, Sharp & Dohme
- Estimated completion December 20257
- Not sure what type of vaccine this is
- University of Alabama



Summary

- Prevention is effective

- Serum diagnosis is not necessarily complex, it just
takes suspicion and learning

- There is effective sonographic and invasive diagnosis

- Treatment, though not the “standard of care’, is
reasonable and quite plausibly effective

- There is hope on the horizon for an mRNA vaccine,
as well as other novel therapies



Thank you

Stephen L Pedron, MD, MBA
Perinatal Medicine
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Treatment
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Current patient

- 29 yo G2P1 @ 8 weeks gestation
- 1.5-year-old toddler
- Bronchitis/pneumonia about 4 weeks ago

- Positive CMV IgM, negative IgG 2 weeks ago
- Actions

- Repeat titers 2 weeks from first set
- Avidity
- Begin valaciclovir





