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a b s t r a c t

The aim of this nested case-control study was to evaluate clinical factors associated with the occurrence
of congenital cytomegalovirus (CMV) infection in pregnant womenwith non-primary CMV infection. In a
cohort study of CMV screening for 2193 pregnant women and their newborns, seven newborns with
congenital CMV infection were identified among 1287 pregnant womenwith non-primary CMV infection
that was defined as negative IgM and positive IgG with IgG avidity index >45%. In the 1287 women with
non-primary CMV infection, clinical findings and complications were compared between pregnancies
with and without congenital CMV infection. Clinical factors associated with the occurrence of congenital
CMV infection were evaluated. The birth weight of newborns with congenital CMV infection was less
than that of newborns without congenital infection (p < 0.05). Univariate logistic regression analyses
demonstrated that threatened premature delivery (OR 10.6, 95%CI 2.0e55.0; p < 0.01) and multiple
pregnancy (OR 7.1, 95%CI 1.4e37.4; p < 0.05) were associated with congenital infection. Multivariable
logistic regression analyses demonstrated that threatened premature delivery (OR 8.4, 95%CI 1.5e48.1;
p < 0.05) was a single risk factor for congenital CMV infection in pregnant women with non-primary
CMV infection. This study revealed for the first time that threatened premature delivery was associ-
ated with the occurrence of congenital CMV infection in pregnant women with non-primary CMV
infection, the pathophysiology of which may be closely associated with CMV reactivation during
pregnancy.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Cytomegalovirus (CMV) is the most common mother-to-child
infection in humans. The prevalence of congenital CMV infection
is 0.2e2.0% in newborns [1], and 10e15% of infected newborns
have symptomatic CMV infection. The clinical manifestations
include fetal growth restriction (FGR), low birth weight, central
nervous system and multiple organ involvement with petechiae,

hepatomegaly, splenomegaly, jaundice, pneumonia and enceph-
alitis. It can be so severe that approximately 90% of the surviving
infants have a high perinatal mortality rate and major neurolog-
ical sequelae [2]. In addition, 10e15% of infants with asymptom-
atic congenital CMV infection develop long-term sequelae,
such as progressive sensorineural hearing difficulty and mental
retardation [2,3].

The risk of virus transmission to the fetus is highest in women
with primary CMV infection during pregnancy [4,5]. Maternal
serological screening is considered effective for detecting primary
CMV infection in pregnant women; and maternal blood tests for
CMV-specific immunoglobulin (Ig) G and IgM are widely used [6].
However, pregnant women can produce CMV IgM during viral
reinfection and reactivation [7]; moreover, IgM may persist for
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more than several months after the primary infection [8]. There-
fore, CMV IgG avidity test is employed for the detection of primary
CMV infection in pregnant women with positive IgM [9], and low
avidity index (AI) is considered a sign of primary infection during
pregnancy [10,11].

Our prospective study of 2193 pregnant women and their
newborns has evaluated the efficacy of maternal universal
screening for the prediction of congenital CMV infection using CMV
IgG, AI, and IgM. This cohort study has demonstrated that 30% (3/
10) of newborns with congenital CMV infection are born tomothers
with primary CMV infection, while 70% (7/10) are born to mothers
with non-primary CMV infection, suggesting that the majority of
congenital infection of newborns is caused by non-primary CMV
infection during pregnancy [12]. Likewise, in the United States, 25%
of newborns with congenital CMV infection are born to mothers
with primary CMV infection, while 75% are caused by non-primary
infection [13].

A case-control study nested in the cohort was conducted to
determine clinical factors associated with the occurrence of
congenital CMV infection in pregnant women with non-primary
CMV infection.

2. Patients and methods

The institutional review board at Kobe University Hospital
approved the prospective cohort study and nested case-control
study, and written informed consent was obtained from all par-
ticipants. All pregnant womenwho visited or were referred to Kobe
University Hospital between February 2010 and April 2016 under-
went maternal serological CMV screening. The screening method
was described previously [12]. Briefly, pregnant women underwent
initial blood screening for CMV IgG before 22 gestational weeks
(GW) or when theywere referred to the hospital. CMV IgG-negative
women underwent IgG measurement again at 34e36 GW. All CMV
IgG-positive women were tested for serum IgG avidity. Women
who had a CMV IgG AI �45% underwent IgM measurement. Sera
fromwomen with an AI >45% were stored at �80 �C, and CMV IgM
levels were later measured. All newborns received polymerase
chain reaction (PCR) analyses of the urine, and congenital infection
was diagnosed with the detection of CMV-DNA in the urine. Mea-
surement methods for blood levels of CMV IgG, IgM, AI, and real-
time PCR for CMV-DNA in the urine were described previously
[12]. In this prospective study of CMV screening for 2193 pregnant
women and their newborns, seven newborns with congenital CMV
infections were identified among 1287 pregnant womenwith non-
primary CMV infection that was defined as negative IgM and pos-
itive IgG with IgG avidity index >45% in their serum. Symptomatic
congenital CMV infection was diagnosed when newborns with
congenital CMV infections hadmicrocephaly, hepatosplenomegaly/
hepatitis, thrombocytopenia, abnormality of brain images, reti-
nopathy, or abnormal auditory brain-stem response (ABR) [12].

In a nested case-control study for the 1287 pregnant women
with non-primary CMV infection, clinical findings and pregnancy
complications were compared between pregnancies with and
without congenital CMV infection. Clinical findings including age,
gravidity, parity, body mass index (BMI), percentage of referrals,
history of recurrent pregnancy loss, presence of maternal fever or
flu-like symptoms, GW at the initial CMV IgG measurement, GW at
delivery and birth weight were compared between pregnancies
with and without congenital CMV infection. Clinical factors asso-
ciated with the occurrence of congenital CMV infection in pregnant
women with non-primary CMV infection were evaluated. Preg-
nancy complications, including hypertensive disorders, thyroid
diseases, diabetes mellitus/gestational diabetes mellitus, medical
diseases requiring immunosuppressive therapy, threatened

premature delivery, multiple pregnancy, FGR, preterm delivery and
light-for-date, were assessed. Threatened premature delivery was
diagnosed when pregnant women had opening of uterine os/
shortening of uterine cervix with regular uterine contraction.
Threatened premature delivery in this study was defined as the
condition that required intravenous administration of tocolytic
agents such as magnesium sulfate and b-stimulant during hospi-
talization for one or more weeks to suppress uterine contraction.

Differences between the two groups were analyzed using the
ManneWhitney U test, Fisher's exact test, and the chi-square test.
Statistical significance was considered present at p values less than
0.05. A stepwise approach was used to evaluate risk factors for
congenital CMV infection fromwomenwith non-primary infection.
Variables with p-values less than 0.05 in univariate logistic
regression analyses were subjected to multivariable logistic
regression analyses, and variables with p-values less than 0.05 in
multivariable logistic regression analyses were determined as in-
dependent factors. All statistical analyses were performed using
SPSS software, version 19 (SPSS Inc., Chicago, IL, USA).

3. Results

In the prospective study of CMV screening for 2193 pregnant
women and their newborns, three newborns with congenital CMV
infection were born to mothers with primary CMV infection that
was defined as IgG seroconversion, or positive/borderline IgM and
positive IgG with AI <35% [12]. Seven (0.54%) newborns with
congenital CMV infections were also identified in 1287 women
with non-primary CMV infection that was defined as negative IgM
and positive IgG with AI >45% (Table 1). Three (42.9%) of the seven
newborns had symptomatic infection. Case 4 had bilateral
abnormal ABR and ventriculomegaly; case 6 had low platelet
counts and liver dysfunction; and case 7 had low platelet counts.
Only case 4 received valganciclovir therapy (16 mg/kg/day, 6
weeks), after which the abnormal ABRwas restored to normal. Case
5 was classified as asymptomatic congenital infection, because this
case had only a symptom of small for gestational age.

Table 2 shows clinical characteristics of seven pregnancies with
congenital CMV infection and 1280 pregnancies without congenital
infection in women with non-primary CMV infection. The birth
weight of newborns with congenital CMV infection was less than
that of newborns without congenital infection (p < 0.05). The
proportion of threatened premature delivery in pregnancies with
congenital CMV infection of fetuses was higher than that in preg-
nancies without congenital infection (p < 0.01). Other clinical
findings or pregnancy complications were not significantly
different between the two groups.

Table 3 shows the results of univariate andmultivariable logistic
regression analyses of clinical factors associated with the occur-
rence of congenital CMV infection in pregnant women with non-
primary infection. Univariate logistic regression analyses demon-
strated that threatened premature delivery [odds ratio (OR) 10.6,
95% confidence interval (CI) 2.0e55.0; p < 0.01] and multiple
pregnancy (OR 7.1, 95% CI 1.4e37.4; p < 0.05) were associated with
the occurrence of congenital CMV infection. Multivariable logistic
regression analyses of these two factors revealed that threatened
premature pregnancy (OR 8.4, 95% CI 1.5e48.1; p < 0.05) was a
significant risk factor for the occurrence of congenital CMV infec-
tion in pregnant women with non-primary CMV infection.

4. Discussion

The prospective study demonstrated that 7 (0.54%) of 1287
women with non-primary CMV infection during pregnancy deliv-
ered newborns with congenital CMV infection [12]. The
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