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Background: Cytomegalovirus (CMV) is the most frequent cause of congenital viral infection in developed
countries.
Objectives: The objective of this study was to evaluate the impact of our prenatal CMV infection screening
and counseling policy.
Study design: Since 2005, all pregnant women in our obstetric center have been informed about CMV
infection, and if they agree, given a serological test at around 12 weeks of gestation (WG). If this first test
is negative, the women and their partners are given hygiene counseling on how to prevent CMV infection,
creening and counseling
eroconversion

and a second test is performed at around 36 WG.
Results: Among the 5312 women who had an unknown immune status, or were known to be seronegative
when they had their first visit to our center for their current pregnancy, 97.4% agreed to CMV screening.
Primary infection was detected in 11 women between 0 and 12 WG (0.42%), and seroconversion was
diagnosed in five women between 12 and 36 WG (0.19%).
Conclusions: These results suggest that if clear information is given on CMV infection during pregnancy,

n is lo
the rate of seroconversio

. Background

Cytomegalovirus (CMV) is the most frequent cause of congeni-
al viral infection, with an incidence of 0.5–1.0% of all live births in
eveloped countries, and is the leading infectious cause of hear-

ng loss and developmental delay.1,2 It is estimated that 5–10%
f infected newborns are symptomatic at birth, and that among
symptomatic newborns 10–15% will eventually show some devel-
pmental disorder(s), mainly sensorineural hearing loss.1 Although

rimary maternal infection seems to carry a higher risk for trans-
ission and leads to greater severity of fetal infection, congenital

nfection and disability can also occur following secondary mater-
al infection (reactivation of infection or reinfection).3–7

∗ Corresponding author at: INSERM U764, Université Paris-Sud, Clamart, F-92140,
rance. Tel.: +33 1 45 37 42 98; fax: +33 1 46 32 67 96.

E-mail address: christelle.vauloup@abc.aphp.fr (C. Vauloup-Fellous).
1 These authors contributed equally to this work.

386-6532/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jcv.2009.09.003
wer following counseling than before counseling.
© 2009 Elsevier B.V. All rights reserved.

In France, primary CMV infection during pregnancy is quite fre-
quent (estimated 0.6–1.4%8,9), and whether or not pregnant women
should routinely be tested for CMV has been debated. Currently,
systematic screening for CMV infection is not recommended in our
country, mainly because: (1) neither maternal treatment nor coun-
seling programs have yet proved to be effective, (2) epidemiological
data are incomplete, particularly concerning the rate of secondary
maternal infection and its consequences, (3) establishing the prog-
nosis of congenital infection is difficult, and (4) it has been thought
that the possible adverse effects of screening (anxiety, early elective
abortion, abusive use of amniocentesis, etc.) could be more frequent
than disorders related to congenital CMV infection.10 However, this
same report also recommends that pregnant women should be
given hygiene information.10 As in other countries,11,12 and despite

its frequency, our experience is that few women have heard of
CMV infection, and even fewer are aware of how it can be pre-
vented. Because of the high number of neonates infected, and the
public health burden of congenital CMV disease, the development
of prevention programs for CMV infection is encouraged by the

http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:christelle.vauloup@abc.aphp.fr
dx.doi.org/10.1016/j.jcv.2009.09.003
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S Centers for Disease Control and Prevention, and the American
ollege of Obstetricians and Gynecologists.13–15

. Objectives

Vaccines are currently under development, and antiviral treat-
ent (using valaciclovir) or passive immunization (using CMV

yperimmune globulin) for pregnant women with primary CMV
nfection are about to be evaluated in randomized trials.16–18 How-
ver, the modes of CMV transmission to pregnant women are well
nown, and preventing transmission through behavioral changes
ould be, at the moment, the most effective and inexpensive way
o decrease the risk of CMV infection during pregnancy. This has
een shown in prevention programs tested in small groups at
igh risk of acquiring CMV infection.19–21 To examine preven-
ion strategies further, we undertook a prospective study designed
o assess the impact of a counseling program aimed at modify-
ng potentially risky parental behavior on the rate of maternal
MV infection among a large population of pregnant women.
e report here the results collected during the first 3 years of

his observation, adding to our previously published preliminary
ata.22

. Study design

In our obstetric department, the medical staff are accustomed
o informing patients about CMV infection, and screening has
een offered for many years. The analysis of this epidemiologi-
al cohort was undertaken in order to evaluate the impact of our
ounseling program. Medical data were stored anonymously and
rotected according to the recommendations of the CNIL (Com-
ission Nationale Informatique et Liberté, authorization numbers

181076 and 444971).
We retrospectively analyzed the data of all patients who had

heir first medical visit to our obstetric department between 01
anuary 2005 and 31 December 2007, and who had been followed
ntil the end of their pregnancy. During their first medical visit
o our institution [at 12.4 ± 0.8 weeks of gestation (WG)], each
regnant woman was informed of the possible consequences of
MV primary infection, and the reasons why systematic screen-

ng is not currently recommended in France.10 If patients agreed
o CMV screening, serological testing was performed after writ-
en informed consent was obtained. If the first CMV serological
est was negative [absence of CMV-specific IgG (CMV-G) and CMV-
pecific IgM (CMV-M)], detailed hygiene information was given to
he mother and father both in writing (standard script) and orally,
nd a second test was performed at 35.6 ± 1.5 WG.

Protective measures relied on frequent hand washing, especially
fter exposure to a child’s saliva or urine (e.g., diaper changes, han-
ling dirty laundry, touching the child’s toys, etc.), but wearing
rotective gloves was not recommended in our institution. It was
lso recommended to avoid intimate contact with young children
e.g., kissing on the mouth, sleeping together, sharing washcloths,
tensils, food or drink, etc.). The counseling was provided by obste-
ricians or midwives at the first general visit, and lasted about
–10 min. Patients were free to ask as many questions as they
eeded during the first visit and during the following monthly
isits, and were given a telephone number to call to obtain any
dditional information.

Except for patients with primary infection, or seroconversion

iagnosed during pregnancy, all women had standard management
f pregnancy, including three routine ultrasound examinations at
2, 22 and 32 WG. If primary infection was detected, or if sero-
onversion occurred, fetal ultrasound examination was performed
onthly and amniocentesis was discussed. In the case of infec-
ical Virology 46S (2009) S49–S53

tions diagnosed at 36 WG, only an ultrasound examination was
performed, including transvaginal evaluation of the fetal brain.

CMV-G, CMV-M and CMV-G avidity assays were performed with
commercially available assays (LIAISON®, DiaSorin, Saluggia, Italy).
According to the manufacturer’s recommendations, cut-off values
for the avidity index were defined as follows: low avidity index
<0.20; moderate avidity index ≥0.20 to <0.30; high avidity index
≥0.30. When the CMV-G avidity index was low or moderate, it was
controlled with an in-house test using 6 M urea as denaturing agent,
derived from a method previously described.23 Cut-off values were
defined as follows: low avidity index <50%; moderate avidity index
≥50% to <70%; high avidity index ≥70%.

The diagnosis of primary infection was based on the detec-
tion of CMV-G and CMV-M, and a low CMV-G avidity index. If
the first serological test indicated preconceptional CMV infec-
tion [positive CMV-G/negative CMV-M, or positive CMV-G/positive
CMV-M/high CMV-G avidity index, or positive CMV-G/positive
CMV-M/moderate CMV-G avidity index (identified as preconcep-
tional infection with additional analysis of previous or further
samples)], women were told they were immunized, and had no
specific follow-up concerning CMV infection, except in cases of fetal
abnormalities on ultrasound examination.

Seroconversion was defined as the absence of both CMV-G and
CMV-M at 12 WG and the presence of CMV-G at 36 WG. When CMV
seroconversion was observed at 36 WG, it was possible to date the
primary infection by performing CMV serology on stored serum
samples collected for monthly toxoplasmosis testing (mandatory
in France for seronegative women). When maternal infection was
confirmed, a diagnosis of CMV congenital infection was made in
their newborns by urine culture within the 3 days following birth.

Statistical analysis was performed using Stata 8.2 software
(Stata Corp., College Station, TX, USA). Crude infection rate data
consisted of the number of cases of CMV infection and person-time
units for pregnant women who had received hygiene information
(12–36 WG), and those who had not yet received hygiene informa-
tion (first 12 WG). The statistical significance of the incidence risk
ratio was evaluated by an exact test based on the Poisson distribu-
tion.

4. Results

Among the 5312 women followed in our obstetric department
who had an unknown immune status, or were known to be seroneg-
ative when they had their first visit to our center for their current
pregnancy, 5173 (97.4%) agreed to undergo screening (Fig. 1). Out
of the 5173 women tested, 2590 were CMV-G positive (50.1%)
and 2583 CMV-G negative (49.9%). We did not observe any major
adverse effect of the screening/counseling program, such as alarm
or early termination of pregnancy, for any of these women.

Among the 2590 CMV-G positive patients, 141 were CMV-M
positive (5.4%). Within the first 12 WG, only 11 out of the 141
CMV-M positive patients had low CMV-G avidity index (7.8%), con-
firming primary infection; 112 had a high CMV-G avidity index
(79.4%), excluding primary infection; and 18 an intermediate CMV-
G avidity index (12.8%). These 18 women had further investigations
performed using serum collected for HCG evaluation at the begin-
ning of pregnancy, or for monthly toxoplasmosis testing. For 16 of
them, infection occurred before pregnancy, for one it was not pos-
sible to determine when infection occurred, and for one there were
no data because she was lost to follow-up after 12 WG.

If we consider that the 11 patients with primary infection (low

CMV-G avidity index) had a negative serology at 0 WG, the num-
ber of women who had not encountered CMV by the beginning of
pregnancy is the number of seronegative women at 12 WG (2583)
plus 11, that is to say 2594, or plus 12 (if we take into account the
woman with an undetermined date of primary infection), which
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ig. 1. Overall CMV serological results of the 5312 pregnant women included in the
r seroconversion.

ives 2595. The rate of CMV infection during the first 12 WG was
herefore 0.42% (11/2594) or 0.46% (12/2595). For the main anal-
sis, the woman with an undetermined date of primary infection
as not taken into account as this did not significantly change the

esults.
Only five of the 2583 patients who were CMV-G-negative at

round 12 WG demonstrated seroconversion between 12 and 36
G (Fig. 1), giving a rate of CMV infection between 12 and 36 WG

f 0.19% (5/2583). Of the 16 cases of maternal CMV infection, 15
ccurred in high risk women: nurses in pediatric or childcare cen-
ers (N = 5), medical doctors (N = 2) or women with a child under 3
ears of age at home (N = 12).

Among the 16 pregnant women who demonstrated CMV infec-
ion, there were two spontaneous fetal losses: one at 12 WG and the
ther at 18 WG. There was no histological proof of CMV infection
n either of the fetuses. For the 14 other women, ultrasound exam-
nations performed monthly after the diagnosis of CMV infection

ere normal until delivery. Amniocentesis was discussed with all
MV-positive women, but only performed in three cases. Eleven
abies were born uninfected; of the three born infected, two were
o women who seroconverted and one was to a woman with pri-

ary infection detected before 12 WG. The child born to the latter
oman had petechiae at birth and unilateral hearing loss at 1-year

f age. The two other infected newborns were asymptomatic at

irth. None of the three children developed psychomotor delay
uring the follow-up period (24, 33 and 39 months). Furthermore,
o abnormality related to fetal CMV infection was observed on
ltrasound examination of any of the fetuses of the 5312 pregnant
omen included in this study.
, and the outcome of pregnancy of those who demonstrated CMV primary infection

In total, among the 5173 women screened over the 3-year
period, 11 had confirmed primary infection that occurred within
the first 12 WG. Among the 2583 seronegative women at 12 WG,
five were found to be seropositive at 36 WG. Retrospective analysis
of stored serum samples showed that the seroconversions occurred
equally during the second and third trimesters of pregnancy, at 18,
20, 24, 27 and 31 WG, respectively. According to these data, the
infection rate between 12 and 36 WG was 0.008% per pregnant
woman-week, and was significantly lower than the infection rate
before 12 WG, which was 0.035% per pregnant woman-week (mid
P = 0.005).

5. Discussion

All the pregnant women in our cohort were informed about CMV
infection and given hygiene information. A randomized trial would
not have been ethically acceptable, as current evidence already
points towards the probability that behavioral intervention has
a benefit, and also considering French recommendations.10,19–21

During the first 12 WG, before the first visit to our obstetric depart-
ment, and before hygiene counseling, confirmed primary infection
had occurred in 11 women. During the following 24 WG, only five
women demonstrated seroconversion. Without any hygiene infor-
mation on how to prevent CMV infection, we would have expected

the same quarterly incidence of seroconversion during the follow-
ing 24 WG, that is to say twice as many seroconversions between
12 and 36 WG as in the first 12 WG.

The lower incidence of CMV infection after 12 WG could
partly result from other factors leading to a lower exposure to
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he virus during the second and third trimesters of pregnancy.
rench women usually stop professional activities between 34
nd 36 WG, but the last CMV test was performed at 36 WG so
his factor may not represent a bias in our analysis. Lower expo-
ure could also result from reduced sexual risk, which is unlikely,
ince women probably experience few changes in partner over
he 9-month span of a pregnancy. Changes in exposure to young
hildren could also be possible, but are unlikely because women
sually stay close to their own children throughout pregnancy.
inally, even if too few seroconversions were observed in our
tudy to give a definitive constant primary infection rate during
he 12–36 WG period, the five primary infections diagnosed after
ygiene counseling occurred equally during the second and third
rimesters.

The rate of seroconversion following counseling was very low
0.19%) compared with the rate in previously published series
0.9–1.4%) in which CMV seroprevalence was similar to ours
51.5–53.9%).8,24–26 We noticed that among the 16 women in whom
MV infection was diagnosed during pregnancy, 15 were at high
isk of acquiring CMV (especially the 12 women who had a previous
hild under 3 years old at home). It is likely that young children are
he main source of maternal infection,27,28 and hence hygiene infor-

ation given to the parents is mostly related to handling young
hildren.

The first evaluation of the impact of hygiene information on
he rate of maternal infection was performed in small popula-
ions at high risk of contamination.19,20 These studies concluded
hat counseling may be highly effective for preventing CMV
nfection in seronegative women who already know they are
regnant. Our results are from a population-based study, the pro-
ective behavior recommended was less strict (protective gloves
ere not recommended), and no monitoring was undertaken to

ssess adherence to recommended preventive behaviors. How-
ver, our results confirm previous studies, and moreover suggest
hat simple information on basic hygiene measures given to a
arge population of pregnant women at the beginning of preg-
ancy could significantly reduce the incidence of maternal CMV

nfection during pregnancy, and therefore the number of infected
etuses.

The usefulness of serological testing for CMV during preg-
ancy has been questioned, since congenital malformations can
ccur even following secondary maternal infection.4 However,
eliable serological tests are available, especially CMV-G avid-
ty assays. The data in Fig. 1 confirm other studies29,30 showing
hat that the presence of CMV-M may not be indicative of
ecent primary infection, as most pregnant women with pos-
tive CMV-M had acquired CMV infection before pregnancy
128/141). Moreover, as it has been shown that behavioral coun-
eling is more effective during pregnancy than in non-pregnant
omen,19–21 we speculate that adherence to protective behav-

or may be more effective if women know they are seronegative
or CMV. It remains to be determined if CMV testing should be
roposed for all pregnant women, or restricted to high risk pop-
lations, and how it should be carried out. Overall, our results
onfirm that basic hygiene information given to seronegative
regnant women at the beginning of pregnancy has a positive

mpact.
The global burden of the disease in the USA and Europe is a

eason for not only accelerating research on vaccines, but also
n other ways of preventing congenital CMV disease.26 Despite
ts large public health burden, current knowledge and aware-

ess of congenital CMV infection among women of childbearing
ge seems very low.11–13 Women deserve to be informed how
hey can reduce their risk of CMV infection during pregnancy,
nd our study demonstrates that hygiene counseling can be effec-
ive.
ical Virology 46S (2009) S49–S53
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