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Abstract

Background: In this study, we aimed to determine the provincial population-based seroprevalence in pregnant women and
to further explore the association of maternal CMV infection status and adverse pregnancy/neonatal/growth outcomes in
Jiangsu, China.

Methods: In this case-control study, the sera from 527 pregnant women with adverse pregnancy/neonatal outcomes and
496 mothers of healthy infants in Jiangsu Province, collected at gestation age of 15–20 weeks, were tested for anti-CMV IgG,
IgM and IgG avidity. Adverse pregnancy/neonatal outcomes were identified based on pregnancy/neonatal outcomes.

Results: The overall seroprevalence of anti-CMV IgG was 98.7%, with 99.4% and 98.0% in the case and control groups,
respectively (P= 0.039). The prevalence of anti-CMV IgG+/IgM+, was higher in the case group than that in the control group
(3.8% vs. 1.6%, P= 0.033). Anti-CMV IgG avidity assay showed that none in the control group were primarily infected, but
five (0.9%) in the case group underwent primary infection (P= 0.084); all five infants of these women presented severe
adverse neonatal/growth outcomes. Exact logistic regression analysis showed that anti-CMV IgG+/IgM+ was associated with
adverse pregnancy/neonatal/growth outcomes (aOR= 2.44, 95% CI 1.01–6.48, P = 0.047). Maternal low education level and
prior abnormal pregnancies also were risk factors for adverse pregnancy/neonatal outcomes.

Conclusions: In populations with very high prevalence of latent CMV infection, active maternal CMV infection during
pregnancy might be a risk factor for adverse pregnancy/neonatal outcomes.
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Introduction

Human cytomegalovirus (CMV) infection is distributed

throughout the world. It is well documented that the seropreva-

lence of CMV in pregnant women is 42.3–68.3% in developed

countries [1,2], but over 95% in developing countries such as

China [3–5]. However, the data were mostly derived from

hospital-based pregnant women in cities [6,7], and it may not be

representative of the general population from both urban and

rural areas. Jiangsu Province is located in the east of China, and

has the densest population with more than 76 million inhabitants.

The seroprevalence in pregnant women based on a province-wide

survey still needs to be defined.

Congenital CMV infection, occurring in approximately 1% of

all live births [8,9], can cause birth defects and childhood

disabilities. Studies demonstrate that maternal primary CMV

infection during pregnancy is the major cause of severe congenital

infection in developed countries. Moreover, reactivation of latent

infection or re-infection of different virus strain may also cause a

high proportion of CMV congenital infection even in developed

countries [10]. On the other hand, in developing countries with

higher CMV seroprevalence, most congenitally infected neonates

are born to women with recurrent infection during pregnancy, and

the majority of infants are asymptomatic [11]. However,

population-based study on the seroprevalence of CMV in

pregnant women and the association with adverse pregnancy/

neonatal outcomes is less reported.

In the current study based on a population of 19 904 pregnant

women in Jiangsu, we determined the seroprevalence of anti-

CMV IgG in pregnant women, and identified maternal CMV
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infection status in the case and control groups to evaluate the

association of maternal CMV infection status and adverse

pregnancy/neonatal outcomes.

Methods

Subjects and serum specimens
During August 2002 to July 2004, in a study on the provincial

prevalence of birth defects in Jiangsu Province, China, 20

communities from 6 cities (urban) and 54 communities from 8

counties (rural areas) were selected as surveillance spots by

stratified cluster sampling. All pregnant women at the first

trimester from these areas were enrolled and serum samples from

19 904 pregnant women at 15–20 weeks of gestation were

collected and kept at –30uC [12]. These women had been selected

to represent the pregnant women population in Jiangsu, and they

all delivered their infants in hospitals. General characteristics of

each pregnant woman including maternal age, educational level

and family income, gravidity and parity and history of abnormal

pregnancies, were collected using a structured standard question-

naire. The obstetrical and perinatal information was recorded in

the computer database by trained obstetricians [12]. Furthermore,

each neonatal outcome was closely followed up: for a woman

experienced fetus/infant loss, the cause was recorded; for a woman

with live birth, the child’s health condition at the age of 4 years

was also evaluated by qualified physicians [12]. Of the 19 904

pregnant women, 717 (3.6%) were not followed up, mainly

because of refusal and address changes. Finally, 19 187 (96.4%)

pregnant women with known pregnancy/neonatal outcomes were

included in the current study.

In the current study, based on perinatal outcomes and child’s

health conditions examined in the follow-up at four years old,

adverse pregnancy/neonatal/growth outcomes were defined as

the presence of one of any severe sequelae (Table 1). These

included pregnancy loss, fetal, perinatal or infant death, congenital

malformation, and intrauterine growth restriction or infant growth

retardation, and others. However, induced abortion due to

unwilling pregnancy and fetal/neonatal loss due to an accident

were not included. A total of 527 singleton infants with adverse

pregnancy/neonatal/growth outcomes were identified and desig-

nated as the case group (Table 1). Meanwhile, a same number of

healthy infants in each area were selected as the control subjects

using stratified random sampling. However, totally 34 serum

samples from the randomly selected pregnant women with normal

pregnancy outcomes were not available. Finally, the mothers of

496 singleton healthy infants were included in the control group.

This study was performed according to the Declaration of

Helsinki and approved by ethics committee of Jiangsu Family

Planning Institute and Nanjing Drum Tower Hospital. Since the

women consented to participate in the birth defect study

conducted in 2002–2004 [12], their serum samples were used in

the current study via an exemption approved by the institutional

review boards of Jiangsu Family Planning Institute (EC2008501)

and Nanjing Drum Tower Hospital (ECXK200709). In the

follow-up study, all the women provided their written informed

consent; mothers/fathers or guardians on the behalf of their

children signed the written informed consent to participate in this

study.

Serological tests
All the serum samples were tested by a quantitative enzyme-

linked immunosorbent assay (ELISA) kit (Dia.Pro Diagnostic

Bioprobes, Milano, Italy) for anti-CMV IgG and a captured

ELISA kit for anti-CMV IgM (Bell Biological Technology, Beijing,

China) according to the manufacturer’s instructions. The maternal

CMV infection status was defined based on the results in testing

anti-CMV IgG and IgM. The women showing anti-CMV IgG

positive but IgM negative were considered to be latent infection,

and those showing positive for both anti-CMV IgG and IgM were

defined to be active infection.

The women with positive anti-CMV IgG were further tested for

anti-CMV IgG avidity index (AI) since anti-CMV IgG avidity has

proven to be a powerful tool for distinguishing primary form non-

primary infection [13–15]. Based on the other investigators’ results

[16,17] and our previous observations in subjects with document-

ed seroconversion [18,19], the test for anti-CMV IgG avidity

shows the high sensitivity and specificity. Anti-CMV IgG avidity

was determined by 8 M urea denaturation procedures using anti-

CMV IgG ELISA kit (Dia.Pro Diagnostic Bioprobes) as previously

described [18,19]. For a given serum, an AI#30% was considered

as low, between 30% and 50% as intermediate, and greater than

50% as high avidity antibodies. Positive tests of both anti-CMV

IgM and IgG with the low IgG avidity (AI#30%) indicate a recent

primary infection, while positive test of anti-CMV IgG alone with

the intermediate to high IgG avidity indicates latent infection. In

the test of anti-CMV IgM, IgG, and IgG avidity, we arranged the

serum samples to be measured blindly, i.e., the investigators

responsible for the testing were unaware of the serum identity; the

sample identity was not known to them until the completion of all

tests.

Statistical analysis
Data analysis was performed using SPSS 13.0 statistical

software. Continuous variables normally distributed were reported

as mean 6 standard deviation and compared by t-test between

case and control groups; categorical variables were expressed as

number and percentage and compared by x2 test or Fisher’s exact

test where appropriate. Multivariate exact logistic regression

analyses were further performed to determine the independent

association of maternal CMV infection status (classified as active

infection, latent infection, and without infection) and the adverse

pregnancy/neonatal/growth outcomes, with pregnancy/neona-

tal/growth outcome as the binary dependent variable and

maternal CMV infection status and other variables different

between the case and control groups as the independent variables.

The results were expressed by the adjusted odds ratios (aOR) with

95% confidence intervals (CI). A two-sided P value ,0.05 is

considered statistically significant.

Results

General characteristics
A total of 1023 mother-fetus/newborn pairs, 527 in case group

and 496 in control group, were included in the current study. The

pregnant women were 20–42 years old (mean, 25.163.3), and

9.2% (94/1023) of them were multiparas. Compared with the

pregnant women in the case group, the women in the control

group had similar ages, races, parity, levels of family income, and

abnormal conditions during early pregnancy including vaginal

bleeding, drugs intake, and toxic substance/X-ray exposure

(Table 2). However, more women in the case group were illiterate

or only received basic education (73.6% vs. 67.3%, P= 0.027),

and more women in the case group were recorded with the history

of adverse pregnancy/neonatal outcomes including intrauterine

fetal death, stillbirth, congenital malformation, and spontaneous

abortion twice or more (6.6% vs. 2.4%, P= 0.001).

CMV Seroprevalence and Association with Pregnancy/Neonatal Outcomes
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Table 1. 527 singleton fetuses/infants with adverse pregnancy/neonatal/growth outcomes designated as the case group, out of
19 187 pregnant women.

Adverse pregnancy/neonatal/growth outcome Number Prevalence (%)

Spontaneous abortion 134 0.70

Pregnancy termination for fetal malformation 32 0.17

Fetal death* 32 0.17

Stillbirth{ 7 0.04

Neonatal death 40 0.21

Infant death 29 0.15

Live birth with congenital anomaly1 68 0.35

Intrauterine growth restriction 129 0.67

Growth retardation" 28 0.15

Mental retardation/dementia 26/2 0.15

Total 527 2.75

*Spontaneous intrauterine death of a fetus from gestation week 20 but before delivery.
{Fetal/infant death during delivery, which was not associated with improper management.
1Including symptomatic abnormalities at birth and delayed or progressive abnormalities at follow-up, such as congenital heart diseases (12), congenital hydrocephalus
and cerebral palsy (6), skull deformity (2), facial deformity (lip/cleft palate, etc. 15), strabismus (2) and amblyopia (3), dysaudia or hearing loss (4), congenital esophageal
atresia (1) and megacolon (2), skeletal deformities (spine curvature, thoracic deformity, hand/foot deformity, etc. 17), and others (4).
"Identified based on child’s weight or height of less than two standard deviations below the mean for age, sex and district.
doi:10.1371/journal.pone.0107645.t001

Table 2. General characteristic of pregnant women with or without adverse pregnancy/neonatal/growth outcomes.

Characteristic
Case group
n=527 (%)

Control group
n=496 (%) P value

Age (year) 26.063.9 25.363.3 0.379

Weight (kg) 56.268.1 56.467.5 0.717

Race

Han 522 (99.1) 492 (99.2) .0.99

Others 5 (0.9) 4 (0.8)

Multipara 54 (10.2) 40 (8.1) 0.227

Education level*

Low 388 (73.6) 334 (67.3) 0.027

High 139 (26.4) 162 (32.7)

Income (¥/year)

,18,000 159 (30.1) 146 (29.4) 0.313

18,000–36, 000 258 (49.0) 227 (45.8)

.36, 000 110 (20.9) 123 (24.8)

Maternal basic disease{ 6 (1.1) 1 (0.2) 0.151

Previous adverse pregnancy outcomes1 35 (6.6) 12 (2.4) 0.001

Abnormalities in early pregnancy

Contacting toxic substance/X-ray 16 (3.0) 17 (3.4) 0.723

Vaginal bleeding 58 (11.0) 51 (10.3) 0.708

Flu-like symptoms 36 (6.8) 26 (5.2) 0.287

*Low education level means illiteracy or basic education only, namely the Chinese nine-year compulsory education (elementary school education for 6 years and junior
high school education for 3 years). Senior high school education and above was considered as ‘‘high level’’.
{Maternal basic disease: maternal disease existing before conception, including hypertension, cardiac disease, systematic lupus erythematosus and hyperthyreosis in
this study.
1Prior adverse pregnancy outcomes: including spontaneous abortion for twice or more, previous fetal, neonatal or infant death, congenital malformation, and growth
retardation.
doi:10.1371/journal.pone.0107645.t002
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Seroprevalence of CMV in pregnant women
Of the 1023 pregnant women, 13 (1.3%) were tested negative

for both anti-CMV IgG and IgM, and none showed anti-CMV

IgG negative but IgM positive. The overall prevalence of anti-

CMV IgG was 98.7% (1010/1023). The seroprevalence (524/527,

99.4%; 95% CI 98.79–100%) in the case group was comparable

with that (98.0%, 486/496; 95% CI 96.75–99.22%) in the control

group, although the difference was statistically significant

(P = 0.039). Based on the criteria for interpreting maternal CMV

infection status [15], the prevalence of solely anti-CMV IgG+ was

not statistically different between the two groups (504/527, 95.6%

vs. 478/496, 96.4%, P= 0.549). However, the prevalence of anti-

CMV IgG+/IgM+, which indicates active infection, was higher in

the case group (20/527, 3.8%) than that in the control group (8/

496, 1.6%, P= 0.033). Furthermore, we determined the IgG

avidity in all 28 anti-CMV IgG+/IgM+ women to define the

maternal CMV infection status. The results displayed that 15

(2.8%) women in the case group and 8 (1.6%) women in the

control group were non-primarily infected respectively (P= 0.184);

the 5 (0.9%) other women in the case group underwent primary

infection during pregnancy, but none of the women in the control

group were primarily infected during pregnancy (P= 0.084).

Additionally, the CMV seroprevalence showed no significant

difference between urban and rural communities in the case

(urban 184/185, 99.5% vs. rural 340/342, 99.4%) or control

(135/138, 97.8% vs. 351/358, 98.0%) group.

Risk factors for adverse pregnancy/neonatal/growth
outcomes

The current study showed that the prevalence of anti-CMV

IgG+/IgM+ in the case group was higher than that in the control

group (3.8% vs 1.6%, P= 0.033). Importantly, all five infants born

to the mothers with primary infection during pregnancy had

adverse pregnancy/neonatal/growth outcomes, including one

case with neonatal death, two with growth retardation, one with

skull deformity, and one with purulent meningitis (Table 3).

Table 3 also shows the pregnancy/neonatal/growth outcomes or

the clinical information on the infants of 15 mothers with anti-

CMV IgG AI .30% in the case group and on the infants of 8

mothers in the control group.

We further performed the exact logistic regression analysis after

adjusting for variables between the two groups (Table 2). The

results indicated that, after controlling for potential confounding

factors including educational level and history of abnormal

pregnancies, maternal active infection during pregnancy was

associated with an increased risk for adverse pregnancy/neonatal/

growth outcomes (aOR = 2.44, 95% CI 1.01–6.48, P = 0.047).

However, when the adverse outcomes in the presumed recurrent

infection and primary infection were separately compared to those

in the latent infection, the exact logistic regression analysis showed

that, although the aORs were 1.825 (95% CI 0.714–5.045) and

6.505 (95% CI 0.882–‘) respectively, neither of them had

statistical significance (P= 0.246 and 0.069 respectively). On the

other hand, low education level (aOR = 1.35, 95% CI 1.01–1.78,

P = 0.0419) and prior abnormal pregnancies (aOR = 2.92, 95% CI

1.49–5.74, P = 0.0018) were also independently associated with an

increased risk for adverse pregnancy/neonatal/growth outcomes.

Discussion

In the current study, the seroprevalence of anti-CMV IgG in the

pregnant women with adverse pregnancy/neonatal/growth out-

comes was slightly higher than that in the mothers of healthy

infants, however, the women with adverse pregnancy/neonatal

outcomes accounted for a low percentage (527/19187, 2.75%) of

the whole pregnant woman population. Additionally, the 496

women in the control group were stratified randomly selected from

the pregnant women enrolled, who had been selected as a good

representative of the whole pregnant women population in

Jiangsu. Therefore, based on the seroprevalence of pregnant

women in the control group, the provincial seroprevalence of

CMV in pregnant women was as high as 98.0%, with 96.4% of

latent infection and 1.6% of active infection. Our findings from the

pregnant women in Jiangsu province, having comparable

economical status and residential density, were in accordance

with the previous study conducted in Beijing, China, where the

prevalence of anti-CMV IgG and IgM in 4692 childbearing-age or

pregnant women was 92.5% and 1.8% respectively [6]. The

seroprevalence in the current study is also comparable to that

(96.4%) in pregnant women from Nanjing, the capital of Jiangsu

province [19]. Thus, the high seroprevalence indicates that CMV

infection is now universal in Chinese pregnant women. The

lifestyle involving crowded living status, poor childbearing

practice, and weak awareness of taking hygienic measures may

contribute to this situation [20].

Numazaki et al [21] reported that, in the last two decades, the

seroprevalence of CMV in pregnant women from Japan has

substantially decreased from 85% to 68.1%. But in our country,

compared with the previous prevalence of 94.0–95.6% [22–24],

recent studies showed comparable seroprevalence in women at

childbearing age despite notable advancement in public health

care system [6,7,20]. It may be related to the fact that primary

CMV infection mostly occurs early in childhood [19], and poor

economy and public health during their infancy is likely to

attribute to the high seroprevalence in women of childbearing age.

On the other hand, the current seroprevalence in young children

in Nanjing was approximately 80% [19], much lower than the

current 95–98% of the childbearing age women, indicating the

effectiveness of public health improvement in reducing the

incidence of infectious diseases in China.

In the current study, only a small proportion (3.8%, 20/527) of

the women with the adverse pregnancy/neonatal/growth out-

comes experienced active CMV infection during pregnancy. This

may be associated with very high proportion of pregnant women

with preconceptional immunity to CMV since they were positive

for anti-CMV IgG with the high IgG avidity. This is in agreement

with the previous studies [15,25,26]. The preconceptional

maternal immunity may provide substantial protection against

the vertical transmission to the fetus and decreases the risk of

symptomatic congenital infection [27].

Maternal primary CMV infection during pregnancy is more

likely to result in congenital CMV infection with severe neonatal

morbidity and mortality [28]. In the current study, based on the

anti-CMV positivity and low anti-CMV IgG avidity, we defined

the primary CMV infection in five pregnant women, who all

happened to have adverse pregnancy/neonatal/growth outcomes

(Table 3). This appears to be somewhat inconsistent with the usual

40% transmission and 10% disease rate in infants of mothers with

primary CMV infection in pregnancy. Since all laboratory tests

were carried out in a blind manner, the results should reflect the

facts. However, because the current investigation was retrospective

and confirmatory tests for CMV in the infants/children were

infeasible to perform, whether all of these five infants/children

were congenitally infected with CMV is uncertain. Similarly, it

was hard to clarify whether the infants/children of 15 mothers

with presumed recurrent infection in the case group and of 8

mothers in the control group were congenitally infected with

CMV. It should be emphasized that no statistical significant

CMV Seroprevalence and Association with Pregnancy/Neonatal Outcomes
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association between primary or presumed recurrent infection and

the adverse pregnancy/neonatal outcomes in the exact logistic

regression analysis is very likely caused by the limited number of

subjects with active CMV infection.

Noticeably, the anti-CMV IgM seroprevalence of current study

(3.8% in the case group and 1.6% in the control group) is similar

to that in Beijing [6], but is lower than the prevalence of 5.6–8.8%

previously reported in China [22–24]. The difference might be

attributed to two reasons. One may be the different study subjects;

all the three reports included the pregnant women from the

hospitals [22–24], but the current study included the women based

on the population. The other may be related to different assays for

anti-CMV IgM; the assays used in the three reports were indirect

ELISA, whereas that used in the current study was captured

ELISA. It is generally considered that, for detecting IgM, captured

ELISA has higher specificity than indirect ELISA.

There are some limitations in the current study. First, we could

not make a definite diagnosis of congenital infection due to the

lack of fetal/infants’ specimens, leading to the failure to establish

the causal relationship between CMV infections during pregnancy

and the adverse outcomes. Second, the diagnosis of CMV

infection status in the pregnant women is not all definitely

confirmed. A recurrent CMV infection should be based on an

increase (4-fold or more) of IgG titers in follow-up serum sample(s),

and a latent infection should be defined in pregnant women with

stable titers of IgG with high avidity in the follow-up. But we could

not follow up the patients since our study was retrospective. Third,

there may be other maternal characteristics or even unknown risk

factors associated with adverse pregnancy/neonatal outcomes.

In view of these results, we conclude that, in mainland China,

CMV infection is ubiquitous in pregnant women and the vast

majority of women of childbearing age have acquired natural

immunity to CMV before pregnancy. Thus, it is likely that, in

highly immune populations, most cases of congenital infection are

a result of maternal presumed recurrent infection. Before deciding

whether to routinely screen active CMV infection in the pregnant

women in countries with high anti-CMV IgG seroprevalence,

further investigations are required to determine the proportion of

congenital CMV infections in the overall fetal malformations and

adverse neonatal outcomes.
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Cytomegalovirus (CMV) seroprevalence in pregnant women, bone marrow
donors and adolescents in Germany, 1996–2010. Med Microbiol Immunol 201:

303–309.
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