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The practice of medicine continues to evolve, and individual circumstances will vary. This publication reflects information
available at the time of its submission for publication and is neither designed nor intended to establish an exclusive standard
of perinatal care. This publication is not expected to reflect the opinions of all members of the Society for Maternal-Fetal

Medicine.

Congenital cytomegalovirus (CMV) is the most common viral infection, affecting nearly 40,000 infants
each year in the United States. Of seronegative women, 1-4% will acquire a primary infection during
pregnancy, and the majority of these women will be asymptomatic. Prior maternal exposure to CMV
does not preclude neonatal infection. The purpose of this document is to review diagnosis of primary
maternal CMV infection, diagnosis of fetal CMV infection, and whether antenatal therapy is warranted.
We recommend the following: (1) that women with a diagnosis of primary CMV infection in pregnancy be
advised that the risk of congenital infection is 30-50%, on average, and that the severity of infection
varies widely (Best Practice); (2) for women suspected of having primary CMV infection in pregnancy, we
recommend that diagnosis should be either by IgG seroconversion or with positive CMV IgM, positive
IgG, and low IgG avidity (grade 1B); (3) amniocentesis is the best option as a prenatal diagnostic tool to
detect fetal congenital CMV infection, performed >21 weeks of gestation and >6 weeks from maternal
infection (grade 1C); (4) we do not recommend routine screening of all pregnant women for evidence of
primary CMV infection at this time (grade 1B); and (5) we do not recommend antenatal treatment with
ganciclovir or valacyclovir; and we recommend that any antenatal therapy, either with antivirals or CMV
hyperimmune globulin, should only be offered as part of a research protocol (Best Practice).

Key words: amniocentesis, antiviral agents, cytomegalovirus, cytomegalovirus hyperimmune globulin,
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Cytomegalovirus (CMV) is the most common perinatal viral
infection leading to neonatal and childhood sequelae.
Diagnosis of primary maternal CMV infection now frequently
involves IgG avidity testing, a sensitive marker of primary
CMV infection within the last 4 months.

Recently, a European trial was published assessing
antenatal CMV hyperimmune globulin (HIG) use to prevent
neonatal infection, and the authors found no difference to
treatment, and there were a number of adverse events re-
ported in those receiving CMV HIG." The purpose of this
document is to review diagnosis of primary maternal CMV
infection, diagnosis of fetal CMV infection, and whether
antenatal therapy is warranted.

A listing of articles in this series that were published in other journals
before #36 appeared in the June 2015 issue of AJOG is available at
smfm.org/publications/.

What is the epidemiology of CMV?
Congenital CMV, a herpesvirus, is the most common viral
infection of the fetus and is the leading nongenetic cause of
congenital deafness,” affecting nearly 40,000 infants each
year in the United States. Fetal infection can result in a wide
range of outcomes for children, from asymptomatic infec-
tion to severe disability and death. Birth prevalence reflects
all neonatal infections detected at birth as a result of both
primary and recurrent infections. Birth prevalence also var-
ies geographically and is estimated to be 0.48-1.3% in the
United States,>* 0.54% in The Netherlands,® and 1.08% in
Brazil.®

The prevalence of prior exposure in women of child-
bearing age varies by region and income and ranges from
40-83%."® Of seronegative women, 1-4% will acquire a
primary infection during pregnancy,” and the majority of
these women will be asymptomatic® (Figure). Seroconver-
sion varies by socioeconomic status, with 1.6% of women
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FIGURE

Maternal and neonatal risks for cytomegalovirus (CMV) infection.
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Primary CMV Infection

30-50% of women of child-bearing
age are susceptible to primary CMV
infection

y

1-4% will experience a primary

infection during pregnancy
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40% of fetuses will be infected
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10-15% are symptomatic at birth

25% develop sequelae by age 2
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Recurrent CMV Infection

50-70% of women of child-bearing
age are susceptible to recurrent CMV
infection

Of previously infected, 0.5-2% will
develop a fetal infection

v

<1% are symptomatic at birth

8% develop sequelae by age 2

from middle- and high-income groups seroconverting
during pregnancy, compared to 3.7% of women in low-
income groups.” Less commonly, women with a prior
CMV infection may experience either reinfection with
different strains, or reactivation of disease. While congenital
infection can occur with reactivation or recurrent infection, it
is far more likely to occur in the setting of maternal primary
infection.

What are the fetalrisks from primary maternal
CMV infection in pregnancy?

A primary CMV infection is the first exposure to the virus and
it is concerning when it occurs during pregnancy. The like-
lihood of congenital infection is highest following primary
maternal infection and is reported to be approximately
30-50%""'% although some series suggest a rate as high
as 70% with third-trimester exposure.’’ Women with primary
CMV in pregnancy have a risk of congenital infection of 30-50%
and the severity of infection varies widely (Best Practice). Recent
series of pregnancies with primary infection demonstrate
increasing frequency of congenital infection with gestational
age, from approximately 30% in the first trimester to
40-70% in the third trimester."’"’> None of the infants
infected during the third trimester in these reports experi-
enced symptomatic disease. There is some variation across
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gestation, with earlier infection thought to be less frequent
but more severe. CMV transmission after preconception
primary infection has also been reported. One study found
an 8.3% transmission rate when the primary CMV infection
occurred 2-18 weeks prior to the last menstrual period.'®
Another study found a similar rate of transmission, 8.8%,
after preconception exposure, but importantly, none of
those infants showed symptoms at birth."" There does not
appear to be a seasonal variation to the risk of maternal
infections.™®

Among women with a primary infection, 18% of their
infants will be symptomatic at the time of birth.'* These
symptoms include jaundice, petechial rash, hep-
atosplenomegaly, and death. In a classic article,'* in-
fants were followed up over time to estimate risks of
long-term sequelae. Of those not symptomatic at birth,
up to 25% experience sequelae during the first 2 years
of life. These sequelae include sensorineural hearing
loss, cognitive deficit with an intelligence quotient
<70, chorioretinitis, seizures, and death. Among infants
followed up to 5 years of age, development of sequelae
occurred as late as 72 months. Severe iliness appears
to be more likely among fetuses whose mothers ex-
perience primary infection during the first half of
pregnancy.”'®
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What are the fetal risks from recurrent

maternal CMV infection?

Recurrent CMV infection can occur after prior maternal
exposure to CMV and does not preclude neonatal infection.
Most of the literature surrounding recurrent CMV infection
resulting in a symptomatic neonate comes from case
reports.’''? Of women with recurrent CMV infections, <1%
of offspring are symptomatic at birth.'*'® However, 8% of
offspring will develop sequelae including hearing loss,
chorioretinitis, or milder neurological sequelae such as
microcephaly by age 2 years and 14% by age 5 years.'* In 1
series, none of the offspring of women with recurrent
infection died in the follow-up period.'®

How is primary maternal CMV infection
diagnosed?

Testing for maternal CMV infection generally occurs after
suspicious ultrasound findings. The most common ultra-
sound findings warranting investigation for CMV infection
include echogenic fetal bowel, cerebral ventriculomegaly
and calcifications, and fetal growth restriction®®?" (Table).
Hepatic calcifications, microcephaly, and subependymal
cysts have also been described.”’ One method for diag-
nosis of primary infection is seroconversion but this requires
serial serology, a strategy unlikely to be feasible for all
pregnancies in the United States. Traditional teaching is that
the presence of IgM antibody indicates acute infection.
However, in the case of CMV serology in pregnancy, <10%
of women with positive IgM congenitally infect their infants,

TABLE

Ulirasound abnormalities from cases of
confirmed congenital cytomegalovirus
infection'#?°

Ultrasound finding Frequency, %
Cerebral calcifications 0.6—-17.4
Microcephaly 14.5

Echogenic bowel 45-13

Fetal growth restriction 1.9—-13
Subependymal cysts 11.6

Cerebral ventriculomegaly 45-11.6
Ascites 8.7

Pericardial effusion 7.2
Hyperechogenic kidneys 4.3
Hepatomegaly 4.3
Placentomegaly or placental calcifications 4.3

Hepatic calcifications 1.4

Hydrops 0.6
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compared with 30-50% of those with seroconver-
sion.'??%?% This is largely related to the high (up to 90%)
false-positive rate for CMV-IgM assays performed by
standard enzyme-linked immunoassays, especially those
performed in commercial, nonreference laboratories. IgM
can be produced during nonprimary infections, which are
associated with a much lower risk of congenital infection, as
well as in response to other viral infections, such as Epstein-
Barr virus. IgM can also persist for months following primary
infection, potentially predating pregnancy by a significant
time lag. Therefore, the presence of IgM alone should not be
used for diagnosis.

The IgG avidity assay is a tool that can be used to more
accurately detect a primary infection than IgM alone. An-
tibodies produced at the time of a primary infection have
lower antigen avidity than do those produced during
nonprimary response or later in a primary immune
response. Over time, the maturation of the antibody
response results in higher antibody avidity. Low to mod-
erate avidity antibodies are encountered for 16-18 weeks
following primary infection. Therefore, a low avidity 1gG
result in combination with a positive IgM antibody is
indicative of infection within the preceding 3 months,
allowing more accurate diagnosis of primary infection
occurrence during or shortly prior to pregnancy. Lazzar-
otto et al®® published the results of a cohort of 2477
women referred for positive IgM. They performed immu-
noblot to confirm positivity of IgM and found 55% were
not confirmed by immunoblot, and had high avidity until
IgG. Of the 514 women found to have confirmed IgM, as
well as low to moderate avidity, 25% delivered a
congenitally infected infant, a rate similar to the 30%
among those with documented seroconversion.

Despite the availability of avidity testing for primary CMV
infection, the diagnosis may remain unclear because the
significance of intermediate avidity and the appropriate cut-
off for low avidity are not well established.”?* Alternate
methods of diagnosis are also available and include
maternal serum or urine virology testing, although this does
not correlate well with timing of infection or neonatal out-
comes.”> Newer methodologies include using interferon
gamma release assays or intracellular cytokine staining, but
these tests are mainly used for diagnosis of immunocom-
promised patients.?* For women suspected of having primary
CMV infection in pregnancy, we recommend that diagnosis should
be either by IgG seroconversion or with positive CMV IgM, positive
lgG, and low IgG avidity (grade 1B).

How is a diagnosis of fetal CMV infection

made?

In the setting of a documented primary maternal infection
but without confirmed fetal infection, the risk of severe fetal
sequelae is approximately 3% and risk of any adverse
outcomes is approximately 8%. Based on serology alone,
there is a >90% chance of a good outcome free of sequelae.
The sensitivity of prenatal diagnosis techniques varies
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widely depending on the population selected, the gesta-
tional age at the time of the technique, as well as the
gestational age at the time of fetal infection. The more
common method used to diagnose fetal infection is by
amniocentesis. The only other diagnostic option, cordo-
centesis, provides similar sensitivity and specificity to
amniotic fluid CMV testing, but with a higher complication
rate than amniocentesis.”?°2%

Amniocentesis is the best option as a prenatal diagnostic tool to
detect fetal congenital CMV infection, performed >21 weeks of
gestation and >6 weeks from maternal infection (grade 1C). With
the ability to detect CMV-DNA through polymerase chain
reaction (PCR) testing, this modality allows for near exclu-
sion of antenatal fetal infection.? A negative PCR for CMV by
amniocentesis, if performed >21 weeks of gestation or
>6-7 weeks from maternal primary infection, has specificity
between 97-100%.7°?"*® Importantly, there may be false-
negative findings if the amniocentesis is performed 6
weeks from maternal exposure, but <21 weeks of gestation,
such that delaying an amniocentesis until 21 weeks of
gestation or repeating an early negative amniocentesis is
recommended.®?® While the sensitivities vary from 45-80%,
the positive predictive value of the test also approaches
100%,2°?"?® though false-positive CMV by PCR has been
reported.”® Data are conflicting, though, on whether the
amount of detectable viral load is related to the severity of
infection.””° Fetal blood CMV-DNA assessment via PCR
has also been described via cordocentesis.?® The sensitivity
of this method is similar to that of amniotic fluid testing, but
the higher complication rate associated with cordocentesis
makes amniocentesis the recommended primary method
for diagnostic testing.>?>*' Women should be counseled
that the severity of infection cannot be determined by
amniocentesis.

What is the role of imaging in assessing fetal
infection?

Ultrasound imaging cannot diagnose a fetal infection.
Further, ultrasound imaging suggests fetal infection in
<50% of infected fetuses, so when used alone is not
appropriate as a diagnostic test for congenital CMV infec-
tion.?>?" In a recent large cohort of 600 women with primary
CMV infection, 8.5% of fetuses had ultrasound abnormal-
ities. This number increased to 14.9% after reviewing
ultrasounds of neonates with confirmed infections by urine
or serum screening. The positive predictive value of ultra-
sound for predicting fetal or neonatal infection was 35%.%°
The most common ultrasound findings in congenitally
infected fetuses include cerebral calcifications, micro-
cephaly, and echogenic bowel (Table). Magnetic resonance
imaging has been used in examining fetuses suspected of
infection but its use is controversial.*>** Normal brain
imaging does not necessarily predict normal neuro-
developmental outcome, particularly since hearing loss is
frequently progressive in congenital CMV.>* At this time, the
data regarding the addition of magnetic resonance imaging
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to ultrasound evaluation are insufficient to recommend
routine use in evaluation for congenital CMV infection.

Is universal screening for CMV infection
recommended?

Routine screening for CMV infection during pregnancy,
whether universal or targeted, is not recommended.® We do
not recommend routine screening of all pregnant women for
evidence of primary CMV infection at this time (grade 1B). For a
screening test to be effective, there needs to be a clearly
defined disease process with known prevalence and an
“early” intervention that alters the course of the disease.®®
Routine CMV screening does not meet several of the
criteria for an effective screening test at this time, thus is not
recommended outside of a research setting.® Currently,
the only available intervention studied in a randomized
trial showed no benefit over placebo.1 Moreover, routine
screening can lead to unnecessary intervention, which
could, in fact, be harmful. The interventions that are avail-
able each have side effects, some for the mother, others for
the fetus; are intensive to administer; and are without clear
evidence of benefit.

What therapies are recommended for

CMV infection?

At this time, there are no proven therapies to prevent or treat
congenital CMV infection. The use of CMV HIG for both
treatment and prevention has been reported in observa-
tional studies. In 2005, Nigro and colleagues'° first reported
the results of an observational cohort study examining the
impact of CMV HIG among women with primary infection,
some of whom chose to undergo amniocentesis for fetal
testing, and another group that did not. The subjects were
offered CMV HIG and all patients were followed up, with
results being compared between those who did and did not
elect to receive HIG."® The prevention arm was composed
of 102 women who declined amniocentesis. Of these
women, 37 elected to receive HIG, and 65 did not, 18 of
whom terminated the pregnancy. The HIG regimen was
100 U/kg monthly until delivery. Congenital infection was
confirmed in 16% of the women receiving HIG compared to
40% of the women who did not receive HIG (P = .02). Of
importance, the median gestational age at the time of
maternal infection was significantly higher among the
women not receiving HIG (20 vs 14 weeks of gestation,
P < .01). Later gestational age at infection is associated with
a higher risk of transmission. Thus, because this was not a
randomized trial, it is unknown how much of an impact HIG
actually had on transmission. In another report of patients
included in the original study, the authors reported regres-
sion of cranial and abdominal ultrasound stigmata with the
administration of CMV HIG.*’

The first randomized trial to address the use of CMV HIG
(the CHIP study) has subsequently been completed in Italy
and did not show a significant reduction in congenital
infection.” This study enrolled 124 women with primary CMV
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Summary of recommendations

Recommendations Grade

1. Women with primary CMV in pregnancy Best Practice
have a risk of congenital infection of
30-50% and the severity of infection

varies widely.

2. For women suspected of having primary 1B
CMV infection in pregnancy, we Strong recommendation,
recommend that diagnosis should moderate-quality evidence
be either by IgG seroconversion or
with positive CMV IgM, positive 1gG,
and low IgG avidity.

3. Amniocentesis is the best option as a 1C
prenatal diagnostic tool to detect fetal Strong recommendation,
congenital CMV infection, performed low-quality evidence
>21 weeks of gestation and >6 weeks
from maternal infection.

4. We do not recommend routine screening 1B
of all pregnant women for evidence Strong recommendation,
of primary CMV infection at this time. moderate-quality evidence

5. We do not recommend antenatal Best Practice
treatment with ganciclovir or valacyclovir;

and we recommend that any antenatal

therapy, either with antivirals or

CMV hyperimmune globulin,

should only be offered as part

of a research protocol.

infection and randomly assigned them to CMV HIG or pla-
cebo; the risk of infection was 30% among those receiving
HIG and 44% among those receiving placebo (P = .13).
There was no difference in the viral characteristics of the
infected fetuses and neonates. The viral load was similar in
amniotic fluid and newborn urine between the HIG and
placebo groups. The study also reported a number of
adverse events in the HIG arm. While not statistically sig-
nificant (P = .06), the risk of significant adverse obstetric
events was 13% compared to 2%. These included preterm
delivery, preeclampsia, and fetal growth restriction. Given
the lack of clear benefit of therapy, it is recommended that
use of HIG be reserved for research protocols. Currently, 1
other trial assessing HIG is in progress (Clinicaltrials.gov:
NCT01376778).

Antiviral therapy of infected fetuses has been studied in
small series and case reports. A small, randomized ftrial
conducted in neonates suggested benefit of ganciclovir for
symptomatic infants in the prevention of hearing deteriora-
tion.’® In this study neonates with symptomatic CMV
infection were randomized to receive 6 weeks of ganciclovir
vs no treatment. The same investigators then assessed
whether longer therapy would provide further benefit. When
neonates were treated for 6 months instead of 6 weeks,
hearing did not improve in the short term but did improve
along with other developmental outcomes at 12-24

months.®? The notion that providing therapy earlier in the
course of fetal infection may improve outcomes has
prompted some clinicians to consider this therapy in utero.
A small observational study done in France suggested that
administration of maternal valacyclovir to women with
confirmed fetal CMV infections decreased fetal CMV viral
loads and provided therapeutic concentrations of drug in
the maternal and fetal compartments.40 In this prospective
observational study approximately 50% of fetuses whose
mothers agreed to treatment were developing normally at
ages 1-5 years. Case report data support clearance of the
virus from the amniotic fluid of a patient treated with oral
ganciclovir and an infant born without congenital infec-
tion.*" Currently, antenatal treatment with ganciclovir or
valacyclovir is not recommended as it has not been proven
effective.*” Based on the available literature, any antenatal
therapy, either with antivirals or CMV HIG, should only be
offered as part of a research protocol. We do not recommend
antenatal treatment with ganciclovir or valacyclovir; and we
recommend that any antenatal therapy, either with antivirals or
CMV HIG, should only be offered as part of a research protocol.
(Best Practice).

Is it possible to prevent maternal primary

CMV infection?

Education on personal hygiene has been shown in a pro-
spective trial to decrease rates of seroconversion for preg-
nant seronegative women.** Similar findings resulted from a
cluster randomized trial where seronegative women with
children <36 months of age were randomly assigned to a
daycare that included information on hand hygiene and
glove use vs one that did not. In the subgroup of women

Guidelines

Recommendations in this document reflect
national and international guidelines related to
diagnosis and antenatal management of
cytomegalovirus infection®?44-4%

Publication

Organization Title year
American Congress of Practice bulletin no. 151; 2015
Obstetricians and Gynecologists Cytomegalovirus (CMV),

parvovirus B19, varicella

zoster, and toxoplasmosis

in pregnancy
Society of Obstetricians and Clinical practice guideline: 2010
Gynaecologists of Canada CMV infection in pregnancy
Centers for Disease Control CMV and congenital 2010
and Prevention CMV infection: clinical

diagnosis and treatment
Royal College of Qbstetricians ~ Review: Primary and 2009

and Gynaecologists secondary CMV in

pregnancy
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currently pregnant, the seroconversion rate was signifi-
cantly lower in the intervention group compared with routine
daycare: 5.9% vs 41.7% (P = .008).** [ |

REFERENCES

1. Revello MG, Lazzarotto T, Guerra B, et al. CHIP Study Group.
A randomized trial of hyperimmune globulin to prevent congenital cyto-
megalovirus. N Engl J Med 2014;370:1316-26.

2. Dunn-Navarra AM, Stockwell MS, Meyer D, Larson E. Parental health
literacy, knowledge and beliefs regarding upper respiratory infections
(URI) in an urban Latino immigrant population. J Urban Health 2012;89:
848-60.

3. Kenneson A, Cannon MJ. Review and meta-analysis of the epidemi-
ology of congenital cytomegalovirus (CMV) infection. Rev Med Virol
2007;17:253-76.

4, Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of
neurological and sensory sequelae and mortality associated with
congenital cytomegalovirus infection. Rev Med Virol 2007;17:355-683.

5. de Vries JJ, Korver AM, Verkerk PH, et al. Congenital cytomegalovirus
infection in The Netherlands: birth prevalence and risk factors. J Med Virol
2011;83:1777-82.

6. Mussi-Pinhata MM, Yamamoto AY, Moura Brito RM, et al. Birth prev-
alence and natural history of congenital cytomegalovirus infection in a
highly seroimmune population. Clin Infect Dis 2009;49:522-8.

7. Stagno S, Pass RF, Cloud G, et al. Primary cytomegalovirus infection in
pregnancy. Incidence, transmission to fetus, and clinical outcome. JAMA
1986;256:1904-8.

8. Johnson J, Anderson B. Screening, prevention, and treatment of
congenital cytomegalovirus. Obstet Gynecol Clin North Am 2014;41:
593-9.

9. Lazzarotto T, Guerra B, Gabrielli L, Lanari M, Landini MP. Update on the
prevention, diagnosis and management of cytomegalovirus infection
during pregnancy. Clin Microbiol Infect 2011;17:1285-983.

10. Nigro G, Adler SP, La Torre R, Best AM; Congenital Cytomegalovirus
Collaborating Group. Passive immunization during pregnancy for
congenital cytomegalovirus infection. N Engl J Med 2005;353:1350-62.
11. Enders G, Daiminger A, Bader U, Exler S, Enders M. Intrauterine
transmission and clinical outcome of 248 pregnancies with primary cyto-
megalovirus infection in relation to gestational age. J Clin Virol 2011;52:
244-6.

12. Picone O, Vauloup-Fellous C, Cordier AG, et al. A series of 238 cyto-
megalovirus primary infections during pregnancy: description and
outcome. Prenat Diagn 2013;33:751-8.

13. Formica M, Furione M, Zavattoni M, et al. Lack of seasonality of primary
human cytomegalovirus infection in pregnancy. J Clin Virol 2012;53:370-1.
14. Fowler KB, Stagno S, Pass RF, Britt WJ, Boll TJ, Alford CA. The
outcome of congenital cytomegalovirus infection in relation to maternal
antibody status. N Engl J Med 1992;326:663-7.

15. Pass RF, Fowler KB, Boppana SB, Britt WJ, Stagno S. Congenital
cytomegalovirus infection following first trimester maternal infection:
symptoms at birth and outcome. J Clin Virol 2006;35:216-20.

16. Gaytant MA, Rours Gl, Steegers EA, Galama JM, Semmekrot BA.
Congenital cytomegalovirus infection after recurrent infection: case reports
and review of the literature. Eur J Pediatr 2003;162:248-53.

17. Blau EB, Gross JR. Congenital cytomegalovirus infection after recur-
rent infection in a mother with a renal transplant. Pediatr Nephrol 1997;11:
361-2.

18. Manoura A, Hatzidaki E, Korakaki E, Margari KM, Galanakis E,
Giannakopoulou C. Symptomatic congenital cytomegalovirus infection in
one twin after recurrent maternal infection. Pediatr Int 2006;48:88-90.
19. Morris DJ, Sims D, Chiswick M, Das VK, Newton VE. Symptomatic
congenital cytomegalovirus infection after maternal recurrent infection.
Pediatr Infect Dis J 1994;13:61-4.

B6 MONTH 2016

20. Guerra B, Simonazzi G, Puccetti C, et al. Ultrasound prediction of
symptomatic congenital cytomegalovirus infection. Am J Obstet Gynecol
2008;198:380.e1-7.

21. Picone O, Teissier N, Cordier AG, et al. Detailed in utero ultrasound
description of 30 cases of congenital cytomegalovirus infection. Prenat
Diagn 2014;34:518-24.

22. Lazzarotto T, Guerra B, Lanari M, Gabrielli L, Landini MP. New ad-
vances in the diagnosis of congenital cytomegalovirus infection. J Clin Virol
2008;41:192-7.

23. Adler SP. Editorial commentary. Primary maternal cytomegalovirus
infection during pregnancy: do we have a treatment option? Clin Infect Dis
2012;55:504-6.

24, Dammermann W, Bochmann D, Bentzien F, et al. CMV specific
cytokine release assay in whole blood is optimized by combining synthetic
CMV peptides and toll like receptor agonists. J Immunol Methods
2014;414:82-90.

25. Enders G, Bader U, Lindemann L, Schalasta G, Daiminger A. Prenatal
diagnosis of congenital cytomegalovirus infection in 189 pregnancies with
known outcome. Prenat Diagn 2001;21:362-77.

26. Revello MG, Gerna G. Diagnosis and management of human cyto-
megalovirus infection in the mother, fetus, and newborn infant. Clin
Microbiol Rev 2002;15:680-715.

27. Liesnard C, Donner C, Brancart F, Gosselin F, Delforge ML,
Rodesch F. Prenatal diagnosis of congenital cytomegalovirus infection:
prospective study of 237 pregnancies at risk. Obstet Gynecol 2000;95:
881-8.

28. Donner C, Liesnard C, Brancart F, Rodesch F. Accuracy of amniotic
fluid testing before 21 weeks’ gestation in prenatal diagnosis of congenital
cytomegalovirus infection. Prenat Diagn 1994;14:1055-9.

29. Goegebuer T, Van Meensel B, Beuselinck K, et al. Clinical predictive
value of real-time PCR quantification of human cytomegalovirus DNA in
amniotic fluid samples. J Clin Microbiol 2009;47:660-5.

30. Lazzarotto T, Varani S, Guerra B, Nicolosi A, Lanari M, Landini MP.
Prenatal indicators of congenital cytomegalovirus infection. J Pediatr
2000;137:90-5.

31. Revello MG, Zavattoni M, Baldanti F, Sarasini A, Paolucci S, Gerna G.
Diagnostic and prognostic value of human cytomegalovirus load and IgM
antibody in blood of congenitally infected newborns. J Clin Virol 1999;14:
57-66.

32. Lima AR, Martinez PF, Okoshi K, et al. Myostatin and follistatin
expression in skeletal muscles of rats with chronic heart failure. Int J Exp
Pathol 2010;91:54-62.

33. Valencia A, Cervera J, Such E, et al. Complex variant t(9;22) chro-
mosome translocations in five cases of chronic myeloid leukemia. Adv
Hematol 2009;2009:187125.

34. Fernandez AA, Martin AP, Martinez M, et al. Chronic fatigue syndrome.
Summary of the consensus document [in Spanish]. Aten Primaria 2009;41:
el-5.

35. Wilson JM, Jungner YG. Principles and practice of mass
screening for disease [in Spanish]. Bol Oficina Sanit Panam 1968;65:
281-393.

36. Walker SP, Palma-Dias R, Wood EM, Shekleton P, Giles ML. Cyto-
megalovirus in pregnancy: to screen or not to screen. BMC Pregnancy
Childbirth 2013;13:96.

37. Nigro G, La Torre R, Pentimalli H, et al. Regression of fetal cerebral
abnormalities by primary cytomegalovirus infection following hyper-
immunoglobulin therapy. Prenat Diagn 2008;28:512-7.

38. Kimberlin DW, Lin CY, Sanchez PJ, et al. National Institute of Allergy
and Infectious Diseases Collaborative Antiviral Study Group. Effect of
ganciclovir therapy on hearing in symptomatic congenital cytomegalovirus
disease involving the central nervous system: a randomized, controlled
trial. J Pediatr 2003;143:16-25.

39. Kimberlin DW, Jester PM, Sanchez PJ, et al. National Institute of Allergy
and Infectious Diseases Collaborative Antiviral Study Group. Valganciclovir
for symptomatic congenital cytomegalovirus disease. N Engl J Med
2015;372:933-43.


http://refhub.elsevier.com/S0002-9378(16)00342-2/sref1
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref1
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref1
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref2
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref2
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref2
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref2
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref3
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref3
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref3
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref4
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref4
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref4
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref5
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref5
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref5
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref6
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref6
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref6
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref7
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref7
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref7
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref8
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref8
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref8
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref9
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref9
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref9
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref10
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref10
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref10
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref11
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref11
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref11
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref11
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref12
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref12
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref12
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref13
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref13
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref14
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref14
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref14
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref15
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref15
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref15
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref16
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref16
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref16
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref17
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref17
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref17
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref18
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref18
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref18
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref19
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref19
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref19
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref20
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref20
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref20
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref21
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref21
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref21
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref22
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref22
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref22
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref23
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref23
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref23
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref24
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref24
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref24
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref24
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref25
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref25
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref25
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref26
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref26
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref26
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref27
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref27
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref27
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref27
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref28
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref28
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref28
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref29
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref29
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref29
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref30
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref30
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref30
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref31
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref31
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref31
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref31
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref32
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref32
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref32
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref33
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref33
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref33
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref34
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref34
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref34
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref35
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref35
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref35
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref36
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref36
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref36
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref37
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref37
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref37
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref38
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref38
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref38
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref38
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref38
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref39
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref39
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref39
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref39
www.smfm.org

ARTICLE IN PRESS

smfm.org

SMFM Consult Series

40. Jacquemard F, Yamamoto M, Costa JM, et al. Maternal administration
of valacyclovir in symptomatic intrauterine cytomegalovirus infection.
BJOG 2007;114:1113-21.

41. Puliyanda DP, Silverman NS, Lehman D, et al. Successful use of oral
ganciclovir for the treatment of intrauterine cytomegalovirus infection in a
renal allograft recipient. Transpl Infect Dis 2005;7:71-4.

42. American College of Obstetricians and Gynecologists. Cytomegalo-
virus, parvovirus B19, varicella zoster, and toxoplasmosis in pregnancy.
Practice bulletin no. 151. Obstet Gynecol 2015;125:1510-25.

43. Vauloup-Fellous C, Picone O, Cordier AG, et al. Does hygiene coun-
seling have an impact on the rate of CMV primary infection during preg-
nancy? Results of a 3-year prospective study in a French hospital. J Clin
Virol 2009;46:549-53.

44. Adler SP, Finney JW, Manganello AM, Best AM. Prevention of child-to-
mother transmission of cytomegalovirus among pregnant women.
J Pediatr 2004;145:485-91.

45. Nigro G. Maternal-fetal cytomegalovirus infection: from diagnosis to
therapy. J Matern Fetal Neonatal Med 2009;22:169-74.

46. Yinon Y, Yudin MH, Farin D. Cytomegalovirus infection in pregnancy.
SOGC Clinical practice guideline no. 240. J Obstet Gynaecol Can
2010;32:348-54.

47. McCarthy FP, Jones C, Rowlands S, Giles M. Primary and secondary
cytomegalovirus in pregnancy. Obstet Gynecol 2009;11:96-100.

48. Centers for Disease Control and Prevention. Cytomegalovirus (CMV)
and congenital CMV infection: clinical diagnosis and treatment. Available
at: http://www.cdc.gov/cmv/clinical/diagnosis-treatment.html. Retrieved
Nov. 5, 2015.

All authors and Committee members have filed a conflict of interest
disclosure delineating personal, professional, and/or business interests
that might be perceived as a real or potential conflict of interest in
relation to this publication. Any conflicts have been resolved through a
process approved by the Executive Board. The Society for Maternal-
Fetal Medicine has neither solicited nor accepted any commercial
involvement in the development of the content of this publication.

© 2016 Elsevier Inc. Al rights reserved. hitp://dx.doi.org/10.1016/.aj09.2016.02.042 MONTH 2016 B7



http://refhub.elsevier.com/S0002-9378(16)00342-2/sref40
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref40
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref40
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref41
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref41
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref41
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref42
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref42
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref42
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref43
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref43
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref43
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref43
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref44
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref44
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref44
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref45
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref45
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref46
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref46
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref46
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref47
http://refhub.elsevier.com/S0002-9378(16)00342-2/sref47
http://www.cdc.gov/cmv/clinical/diagnosis-treatment.html
www.smfm.org
http://dx.doi.org/10.1016/j.ajog.2016.02.042

	Diagnosis and antenatal management of congenital cytomegalovirus infection
	Outline placeholder
	Introduction
	What is the epidemiology of CMV?
	What are the fetal risks from primary maternal CMV infection in pregnancy?
	What are the fetal risks from recurrent maternal CMV infection?
	How is primary maternal CMV infection diagnosed?
	How is a diagnosis of fetal CMV infection made?
	What is the role of imaging in assessing fetal infection?
	Is universal screening for CMV infection recommended?
	What therapies are recommended for CMV infection?
	Is it possible to prevent maternal primary CMV infection?

	References


