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ABSTRACT. Objectives. To determine the frequency
of symptomatic congenital cytomegalovirus (CMV) infection in the offspring of women with a recurrent maternal CMV infection and to characterize the demographic and newborn findings.
Methods. Study subjects consisted of infants with
symptomatic congenital CMV infection identified by a
newborn virologic screening program at the University
of Alabama Hospital between 1991 and 1997 and were
enrolled in a long-term follow-up study. Maternal infections were categorized by an analysis of archival
serum specimens collected before pregnancy and at the
time of delivery. Demographic data and clinical findings at birth were collected from maternal and newborn hospital records and from parents at the time of
initial evaluation.
Results. Of the 47 infants with symptomatic congenital CMV infection identified during the study
period, 8 were born to mothers with a confirmed nonprimary or recurrent CMV infection. The type of maternal infection could be ascertained in only ;43%
(20/47) of the children with symptomatic congenital
CMV infection born at the University of Alabama Hospital during the study period. There were no significant differences in demographic characteristics of the
recurrent infection group and the infants who were
born to mothers with either primary CMV infection
during pregnancy or unclassified maternal infection.
Similarly, the range of severity of clinical abnormalities during the newborn period did not differ in the
two groups of children. Furthermore, there were no
significant differences in the incidence of sequelae at
long-term follow-up in the two groups of children.
Conclusions. Symptomatic congenital CMV infection
can occur after a nonprimary or recurrent maternal infection. However, the exact incidence of symptomatic congenital CMV infection among children born to women
with preexisting immunity remains to be defined.
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C

ongenital cytomegalovirus (CMV) infection is
the leading infectious cause of brain damage
and hearing loss in children.1–3 Only ;10% of
the estimated 40 000 infants with congenital CMV
infection born each year in the United States exhibit
clinically apparent or symptomatic infection at birth,
and the vast majority of infected newborns have no
detectable clinical abnormalities (asymptomatic infection).1– 4 Most children with symptomatic congenital CMV infection develop one or more sequelae
including sensorineural hearing loss, mental retardation, motor deficits, seizures, and chorioretinitis,
whereas only ;10% to 15% of infants with asymptomatic congenital CMV infection develop sequelae.1–3,5–7
Preconceptional immunity to CMV provides substantial protection against intrauterine transmission
and severe fetal infection.1,5,8 However, this protection is incomplete, and congenital CMV infection has
been shown to occur in infants of mothers who were
seropositive before pregnancy.5,8 –10 Natural history
studies of maternal and congenital CMV infection
have demonstrated that symptomatic congenital
CMV infection occurs almost exclusively after primary CMV infection during pregnancy.5,8 Although
the occurrence of symptomatic congenital CMV infection in children born to women who were seropositive before pregnancy has been described, most
of the previous reports consisted of individual cases.11–14 To determine the frequency of symptomatic
congenital CMV infection in children born to women
with preexisting immunity, we analyzed the data
from screening of .20 000 infants born at the University of Alabama Hospital between 1991 and 1997
for congenital CMV infection.
METHODS
Study Population
Study subjects include 246 children with congenital CMV infection identified from newborn virologic screening at the University of Alabama Hospital between 1991 and 1997. Neonates born
during the study period were screened for congenital CMV infection during the first 2 weeks of life by the detection of early
antigen fluorescent foci in urine or saliva using a locally prepared
monoclonal antibody to CMV immediate-early antigen as described previously.15,16 Infants were classified as symptomatic if
they shed CMV and exhibited any of the clinical findings suggestive of congenital infection in the newborn period including
petechiae, jaundice with conjugated hyperbilirubinemia (direct
bilirubin .2 mg/dL), hepatosplenomegaly, thrombocytopenia
(,100 000/mm3), microcephaly, seizures, and chorioretinitis.4 Demographic data and clinical findings at birth were collected from
maternal and newborn hospital records and from parents at the
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time of initial evaluation of the patient. In addition, the presence of
laboratory abnormalities in the neonatal period such as an elevated alanine aminotransferase (.80 IU/mL), and elevated cerebrospinal fluid protein (.120 mg/dL) was obtained from the
newborn hospital records. The study subjects were monitored in
an outpatient clinic as part of an ongoing long-term follow-up
study; serial assessments of their neurologic, developmental, audiologic, and visual status were performed using standard methods that have been described previously.5 The demographic data,
newborn clinical findings, and outcome data were recorded on
standardized case report forms and compiled into a SAS for
Windows dataset (SAS Institute, Cary, NC). Informed consent was
obtained from the parents or legal guardians of the study children.

Ascertainment of Maternal Immune Status
Maternal infections were categorized by analyzing the archival
serum samples collected before pregnancy and before delivery.5 In
most cases, this categorization was accomplished by examining
the serum specimens obtained during their previous pregnancy
and those obtained at the time of delivery. Primary maternal
infection was defined by evidence of de novo seroconversion or
the presence of CMV-specific immunoglobulin M (IgM) antibodies
during pregnancy. Women with detectable CMV-specific immunoglobulin G (IgG) antibodies before pregnancy were classified as
having a confirmed recurrent maternal infection. When preconceptional serum samples were not available, maternal infection
was presumed to be recurrent by the presence of CMV-specific
IgG antibodies in the absence of CMV-IgM antibodies within the
first 12 weeks of gestation. Serum IgG (IMx System; Abbott Laboratories, Abbott Park, IL) and IgM (CMV STAT M; BioWhittaker
Inc, Walkersville, MD) antibody to CMV was detected using enzyme immunoassay. The IgM antibody assay was performed as
recommended by the manufacturer except that an enzyme immunoassay value of 0.6 instead of 0.3 was used as the cut-off for the
positive IgM result. Previous experience in our laboratory showed
that this modification resulted in a reduced rate of false positive
results with no significant change in sensitivity for the detection of
primary infection.17

Statistical Analysis
Univariate analyses of the newborn findings and outcome data
were performed to obtain frequencies, and the results were compared in the subgroups of infants born to women with confirmed
recurrent infection and those who were born to mothers with
primary CMV infection during pregnancy. In addition, the demographic characteristics were analyzed in children with congenital
CMV infection who were born to mothers who were seropositive
before pregnancy and compared with the groups of children with

symptomatic and asymptomatic infection. Statistical significance
was determined using x2, Fisher’s exact test, and Wilcoxon’s rank
sum test as appropriate.

RESULTS

During the study period, we identified 246 children with congenital CMV infection from the screening of 20 885 infants born at the University of Alabama Hospital, a rate of 11.8/1000 live births. Of the
246 congenitally infected children, 47 infants had
evidence of clinical abnormalities (symptomatic congenital CMV infection) and 8/47 (17%) of the symptomatic infants were born to mothers with a confirmed recurrent CMV infection. An additional 4
children with symptomatic congenital CMV infection were born to mothers who had CMV-IgG antibodies at the first prenatal visit without detectable
CMV-IgM antibodies (presumed recurrent infection).
Maternal infection was categorized as primary in
17% (8/47) of the mothers. However, classification of
maternal infection was not possible in more than half
of the children (27/47) with symptomatic congenital
CMV infection because of the unavailability of preconceptional and prenatal serum specimens. We
have also identified 28 children with asymptomatic
congenital CMV infection during the study period
who were born to mothers with preexisting immunity to CMV before pregnancy (confirmed recurrent
infection).
The demographic characteristics of the groups of
children with asymptomatic and symptomatic congenital CMV infection born to women with recurrent
CMV infection were compared, and the results are
shown in Table 1. All the symptomatic infants were
black, compared with 93% (26/28) of the asymptomatic children. There were no significant differences
between symptomatic and asymptomatic infants
who were born to mothers with preexisting immunity to CMV with respect to maternal age, marital
status, source of prenatal care, insurance status, and

TABLE 1.
Demographic Characteristics of Children With Congenital CMV Infection Born to Mothers Who Were CMV-Seropositive
Before Pregnancy
Finding

Asymptomatic Congenital
CMV Infection (n 5 28)

Symptomatic Congenital
CMV Infection (n 5 8)

Positive/Total Examined (%)
Sex
Female
Male
Race
Black
White
Single mothers
Maternal age #20 y
Source of prenatal care
Private provider
Public health clinic
None
Insurance
Private
Medicaid/no insurance
Previous pregnancies
0
1
#2

56

16 (57)
12 (43)
26 (93)
2 (7)
27 (96)
13 (46)

2 (25)
6 (75)
8 (100)
0
7 (88)
4/8 (50)

0
28 (100)
0

0
7 (88)
1 (12)

0
28 (100)

0
8 (100)

0
15 (54)
13 (46)

0
3 (38)
5 (62)
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the number of previous pregnancies. Approximately
half of the mothers in both groups were #20 years of
age, and most were single, received prenatal care at
public health clinics, and had at least one previous
pregnancy.
Various newborn findings among children with
symptomatic congenital CMV infection of the groups
of children born to mothers with recurrent infection
and children born to mothers with primary CMV
infection during pregnancy were compared (Table
2). Approximately one third of infants in both groups
were premature (,37 weeks’ gestation) and small for
gestational age. The frequency of various clinical
findings at birth including jaundice, petechiae, hepatosplenomegaly, purpura, microcephaly, and seizures was similar in the two groups of children. Of
the 2 infants in the recurrent infection group, 1 failed
a newborn hearing screen compared with 1/4 in the
primary infection group. Of the 11 children who had
an ophthalmologic examination in the neonatal period (3 in the recurrent infection group and 8 in the
primary infection group), 1 child in each group had
an abnormal evaluation. In addition, the number of
children with one clinical abnormality and those
with two and three or more abnormalities was not
different in the two groups of children. The presence
of laboratory abnormalities in the neonatal period
such as an elevated alanine aminotransferase, thrombocytopenia, conjugated hyperbilirubinemia, and elevated cerebrospinal fluid protein did not differ in
the two groups of subjects (Table 3). Similar with the
results of the clinical findings, we did not observe
significant differences in the two groups with respect
to the number of children with one, two, and three or
more laboratory abnormalities (Table 3). When the 4
children who were born to mothers with presumed
recurrent infection were included in the analysis,
there were no significant differences in the two
groups (data not shown). Similarly, the clinical and
laboratory findings of the recurrent infection group
and the group of 27 children in whom the type of
maternal CMV infection could not be ascertained
were not significantly different (data not shown).
The incidence of various sequelae in children with

symptomatic congenital CMV infection at follow-up
is shown in Table 4. The mean age at the time of their
last clinic visit was 43.1 6 19.5 months for the group
of children born to mothers with recurrent CMV
infection, compared with 38.5 6 30.1 months for the
primary infection group. As presented in Table 4,
none of the 8 children in the recurrent infection
group had sensorineural hearing loss, compared
with 2/7 children who were born to mothers with
primary CMV infection. Of the 7 children in the
recurrent infection group who were tested, 4 had an
IQ ,70, whereas all 4 children in the primary infection group who were tested had IQ .70. These differences were not statistically significant. However,
3/8 children in the primary infection group were
younger than 1 year of age at their last follow-up
visit, and thus, the results of psychometric testing
were not available in these children. There were no
differences in the two groups in the incidence of
sequelae such as motor abnormalities, seizures, and
chorioretinitis. Although a majority of children in the
recurrent infection group (6/8) had at least one sequelae compared with only approximately one third
(3/8) of children who were born to women with a
primary CMV infection, this difference is not statistically significant. There were no significant differences in the two groups even after the inclusion of 4
children who were born to mothers with presumed
recurrent CMV infection in the analysis (data not
shown). Similarly, the incidence of sequelae was not
different in the recurrent infection group and the
group of 27 children in whom the type of maternal
infection could not be categorized (data not shown).
DISCUSSION

Several previous reports have documented the occurrence of symptomatic congenital CMV infection
in children born to women with preexisting immunity, and most of these publications consisted of
either reports of individual cases or infants born to
immunocompromised mothers.11–14,18 –20 Ahlfors et
al13 published the results of a follow-up study of a
large number of women who received obstetric care
at a hospital in Malmö, Sweden, and screened their

TABLE 2.
Clinical Abnormalities in Newborns With Symptomatic Congenital CMV Infection Born at the University of Alabama
Hospital Between 1991 and 1997
Finding

Children Born to Women
With Recurrent Infection
(N 5 12)

Children Born to Women
With Either Primary or
Unclassified Maternal
Infection (N 5 35)

Positive/Total Examined (%)
Prematurity (,37 wk GA)
Small GA
Jaundice
Petechiae
Hepatosplenomegaly
Purpura
Microcephaly
Seizures
Chorioretinitis
Abnormal hearing screen
One abnormality
Two abnormalities
Three or more abnormalities

2/8 (25)
3/8 (37.5)
4/8 (50)
4/8 (50)
2/8 (25)
0/8
3/8 (37.5)
0/8
1/3 (33)
1/2 (50)
3/8 (37.5)
3/8 (37.5)
2/8 (25)
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3/8 (38)
1/8 (13)
3/8 (38)
5/8 (63)
2/8 (25)
0/8
3/8 (38)
0/8
1/8 (17)
1/4 (25)
4/8 (50)
2/8 (25)
2/8 (25)
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TABLE 3.
Laboratory and Imaging Abnormalities in 47 Children With Symptomatic Congenital CMV Infection Born at the University
of Alabama Hospital Between 1991 and 1997
Finding

Children Born to
Women With
Recurrent Infection
(N 5 8)

Children Born to Women
With Primary Maternal
CMV Infection
(N 5 8)

Positive/Total Examined (%)
Elevated alanine aminotransferase (.80 IU/mL)
Thrombocytopenia (,100 000/mm3)
Conjugated hyperbilirubinemia (.2 mg/dL)
Elevated CSF protein (.120 mg/dL)
Cranial CT scan abnormalities
One abnormality
Two abnormalities
Three or more abnormal findings

3/4 (75)
3/3 (100)
3/4 (75)
1/4 (25)
2/3 (67)
0/4
3/4 (75)
1/4 (25)

1/3 (33)
0/1
0/2
1/2 (50)
1/3 (33)
1/3 (33)
2/3 (67)
0/3

TABLE 4.
Comparison of Sequelae in Children With Symptomatic Congenital CMV Infection Born to Women With Recurrent CMV
Infection, Primary Infection and Those Born to Women With Unclassified Maternal Infection
Sequela

Recurrent
Infection Group
(N 5 8)

Primary
Infection Group

Unclassified
Infection Group
(N 5 27)

Positive/Total Examined (%)
Sensorineural hearing loss
Progressive hearing loss
Delayed hearing loss
Mental retardation
IQ ,70
IQ ,50
Motor abnormalities
Chorioretinitis
Seizures
At least one sequela

0/8
0
0

2/7 (29)
1/2
1/2

7/27 (26)
2/7
3/7

4/7 (57)
0/7
1/8 (13)
1/8 (13)
0/8
6/8 (75)

0/4
0/4
1/8 (13)
0/8
0/8
3/8 (38)

2/10 (20)
0/9
4/26 (15)
3/25 (12)
2/25 (8 )
13/26 (50)

newborns for congenital CMV infection. They
screened 10 328 neonates born at the study hospital
for CMV viruria and identified 47 infants with congenital CMV infection. Among the 9 children with
symptomatic congenital CMV infection, 2 infants
were born to women with a nonprimary or recurrent
CMV infection, and the type of maternal infection
could be categorized as confirmed recurrent infection in 1 of the mothers.13 In addition to this report,
individual cases of symptomatic congenital CMV infection in children born to women with recurrent
maternal infection have been reported, including infants born to mothers after transplantation and to 1
mother with HIV infection.11,14,18 –20
A previous study from this laboratory has thoroughly investigated the association between maternal antibody status and outcome in 197 children with
congenital CMV infection born between 1972 and
1990.5 None of the 64 congenitally infected children
who were born to women with recurrent CMV infection and were included in the study had clinical
abnormalities at birth, and all 24 infants with symptomatic infection were born after a primary maternal
infection. An earlier publication from this laboratory
by Stagno et al8 also reported that none of the congenitally infected children born to women with preexisting immunity had symptomatic infection. Based
on these findings, it has been believed widely that
symptomatic congenital CMV infection almost always occurs after a primary maternal infection.
However, the results of the present study clearly
document that symptomatic congenital CMV infec58

tion after a recurrent maternal infection occurs more
frequently than has been thought previously. Although we do not have a clear explanation for the
discrepancy between the results of the present study
and those from our previous reports, several possibilities may account for this phenomenon. One obvious explanation is our improved ability to categorize
maternal infections, especially in women receiving
obstetric care at the study hospital with a newborn
virologic screening program. We have focused our
recent studies on infants with congenital CMV infection who were identified by newborn virologic
screening at the University of Alabama Hospital. The
presence of a well organized serum bank at this
laboratory containing the cord and the maternal delivery serum samples from the University of Alabama Hospital has enabled us to analyze prepregnancy samples from a greater proportion of mothers,
thus allowing identification of more cases of congenital CMV infection in offspring of women who were
proven to be immune at the time of previous pregnancy. This is evidenced by the finding that categorization of maternal infection was possible in approximately half (20/47) of the women who
delivered infants with symptomatic congenital CMV
infection at the University of Alabama Hospital during the study period.
It is possible that women with primary CMV infection at, or shortly before, conception have been
classified mistakenly to the group with recurrent
infection, because CMV-specific IgM antibodies become undetectable in most cases within a few
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months of primary CMV infection.21 To avoid the
possibility of misclassification of maternal infection,
only those children of mothers with confirmed recurrent CMV infection were included and the 4 children
who were born to women with presumed recurrent
infection were not included in the data analysis. Because the occurrence of symptomatic congenital
CMV infection in children of mothers with recurrent
CMV infection has been observed only in our studies
of children born after 1990, it is possible that a
change in the characteristics of the virus accounts for
this phenomenon. We believe that this is unlikely,
because the rate of congenital CMV infection in infants born at the University of Alabama Hospital
during the study period (11.8/1000) was similar to
the rate for the period between 1980 and 1990, which
was reported as 12.5/1000 live births.22 We did observe an increase in the proportion of children with
symptomatic congenital CMV infection (47/246,
19%) during the study period, compared with ;12%
of children with congenital CMV infection who were
born before 1991.16 However, the criteria for classification of an infant with congenital CMV infection as
symptomatic or asymptomatic have remained the
same. Furthermore, there were no significant
changes in the characteristics of our patient population during the study period, compared with the
patient populations of our previous studies.5,22
Additional factors that may affect the transmission
of CMV with subsequent disseminated fetal infection
in women with preexisting immunity include viral
strain variation and strain-dependent immune responses. Previous studies from this laboratory have
demonstrated that maternal age ,20 years, measures
of sexual activity, and a history of sexually transmitted diseases were identified as significant risk factors
for CMV infection in our study population.22–24 Another recent study from this laboratory suggested
that increased exposure to young children in our
population of urban, low income, young women was
associated with maternal CMV infection.25 It is possible that an increase in exposure to CMV in our
study population could potentially result in reinfection with a different strain of CMV with subsequent
intrauterine transmission and severe fetal infection.
The possibility of maternal HIV infection as a predisposing factor for disseminated fetal infection was
excluded, because none of 12 women with recurrent
CMV infection were infected with HIV-1.
To determine whether children with symptomatic
congenital CMV infection born to immune mothers
have a milder disease, we have examined the incidence of various clinical and laboratory abnormalities in infants with symptomatic congenital CMV
infection. The results of this comparison showed that
the range of severity of clinical and laboratory abnormalities of the group of infants born to mothers
with recurrent CMV infection was similar with the
group of infants born after a primary maternal infection (Table 2). In addition, there were no significant
differences in the number of children with one, two,
and three or more abnormalities in the two groups of
children. Furthermore, the frequency of clinical and
laboratory abnormalities of the recurrent infection

group is similar with the group of children born to
women with primary CMV infection (Tables 2 and
3). The follow-up data show that the incidence of
sequelae in children born to mothers with preexisting immunity is not different from that observed in
children born after a primary maternal CMV infection and from those children born to women with
uncategorized maternal infection (Table 4). The finding that 4/7 children in the recurrent infection group
have developed mentally retardation (IQ ,70), compared with none of the 4 children in the primary
infection group who were tested should be interpreted with caution because 3/8 children born to
women with primary infection were too young to
obain reliable results from psychometric testing. A
comparison of the newborn findings and the incidence of sequelae in the recurrent and primary infection groups show that children with symptomatic
congenital CMV infection who were born to immune
mothers do not have milder disease in the newborn
period and these children do not seem to have better
long-term outcomes than those children who were
born after primary maternal CMV infection.
The true impact of recurrent maternal infection on
both the incidence of congenital CMV infection and
the long-term neurologic deficits in children with
this intrauterine infection is not known, and prospective population-based studies are needed to define
this issue. A major limitation of the present study is
our inability to categorize the type of maternal infection in more than half of the children with symptomatic congenital CMV infection born during the study
period. It is possible, and perhaps likely, that the vast
majority of symptomatic infections occur after a primary CMV infection during pregnancy. It is also
possible that categorization of most maternal infections will lead to identification of an increased proportion of children who were born to mothers with
preexisting immunity among infants with symptomatic congenital CMV infection. The definition of the
importance of recurrent maternal infection in neonatal morbidity and long-term outcome is crucial because of the considerable interest in the development
of a safe and effective vaccine for the prevention of
sequelae associated with congenital CMV infection.
Knowledge of the mechanisms of transplacental
transmission of CMV in women with preexisting
immunity could provide important information
about the protective role of virus-specific immune
responses. Furthermore, studies in this population
could shed more light on the issue of reinfection and
strain-specific immune responses against CMV.
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