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Abstract

Background

Cytomegalovirus (CMV) is the most prevalent congenital viral infection and thus places an

enormous disease burden on newborn infants. Seroprevalence of maternal antibodies to

CMV due to CMV exposure prior to pregnancy is currently the most important protective fac-

tor against congenital CMV disease. The aim of this study was to identify potential predic-

tors, and to develop and evaluate a risk-predicting model for the maternal CMV serostatus

in early pregnancy.

Methods

Maternal and paternal background information, as well as maternal CMV serostatus in early

pregnancy from 882 pregnant women were analyzed. Women were divided into two groups

based on their CMV serostatus, and were compared using univariate analysis. To predict

serostatus based on epidemiological baseline characteristics, a multiple logistic regression

model was calculated using stepwise model selection. Sensitivity and specificity were ana-

lyzed using ROC curves. A nomogram based on the model was developed.

Results

646 women were CMV seropositive (73.2%), and 236 were seronegative (26.8%). The

groups differed significantly with respect to maternal age (p = 0.006), gravidity (p<0.001),
parity (p<0.001), use of assisted reproduction techniques (p = 0.018), maternal and paternal

migration background (p<0.001), and maternal and paternal education level (p<0.001).
ROC evaluation of the selected prediction model revealed an area under the curve of 0.83

(95%CI: 0.8–0.86), yielding sensitivity and specificity values of 0.69 and 0.86, respectively.
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Conclusion

We identified predictors of maternal CMV serostatus in early pregnancy and developed a

risk-predicting model based on baseline epidemiological characteristics. Our findings pro-

vide easy accessible information that can influence the counseling of pregnant woman in

terms of their CMV-associated risk.

Introduction
Cytomegalovirus (CMV) is a member of the betaherpesvirinae subfamily of herpes viruses.
CMV is highly ubiquitous among humans and can cause a wide variety of clinical manifesta-
tions; CMV can establish life-long latency or persistence following primary infection.[1]
Primary CMV infection in pregnant women can cause mild febrile illness, as well as other non-
specific symptoms; however, CMV infection is clinically asymptomatic in 90% of cases. Non-
primary infection is defined as infection with a different strain of CMV or reactivation of latent
virus with pre-existing antibodies; non-primary infection generally does not cause maternal
symptoms.[2]

Among women of reproductive age, the prevalence of antibodies in the serum (i.e., seroposi-
tivity) due to prior CMV exposure ranges from 45% in developed countries to 100% in devel-
oping countries and is associated with several epidemiological factors, including age, gravidity,
parity, place of birth, and socioeconomic status.[3–6] Because seroprevalence rates can reflect
the size of the virus reservoir, maternal serostatus can have an impact on the incidence of con-
genital CMV infection.[7] CMV is the most prevalent congenital viral infection, affecting
0.64% of newborn infants.[8, 9] However, this prevalence varies widely among study popula-
tions; For example, in Europe, a highly industrialized region with relatively low overall mater-
nal CMV seroprevalence, regional CMV seroprevalence ranges from as low as 0.1% to as high
as 2%.[8] In developing countries with high rates of maternal CMV seropositivity, even higher
rates (1–5.4%) of congenital CMV prevalence have been reported.[10, 11]

CMV can be transmitted vertically through intrauterine infection, peripartal transmission,
cervicovaginal secretions during vaginal delivery, or breastfeeding. Because cytotrophoblasts in
the placenta are permissive to CMV replication, the most common route of vertical transmis-
sion is infection of the placenta and subsequent transmission to the fetus, where the virus can
infect multiple tissues.[12] Clinical congenital disease can include features such as small for
gestational age, microcephaly, ventriculomegaly, chorioretinitis, hepatitis, splenomegaly,
thrombocytopenia, and petechiae; newborns with this disease have a mortality rate of approxi-
mately 5%.[13] Moreover, approximately 50% of survivors develop severe long-term neurolog-
ical deficits, including progressive hearing loss and/or cognitive impairment.[14]

Most cases of symptomatic congenital disease are caused by primary maternal CMV infec-
tion.[15] The rate of fetal infection ranges from 33% to 75%, and the prevalence of disease can
reach 50% among primary infections that occur within the first half of pregnancy; In contrast,
non-primary infections are transmitted intrauterine in only approximately 1% of cases, and
more than 90% of infected infants are healthy.[16, 17] However, a growing body of evidence
suggests that non-primary infections may also constitute a significant cause of severe congeni-
tal CMV disease and can contribute significantly to the global disease burden associated with
congenital CMV exposure.[7, 18–20]

Nevertheless, the presence of maternal antibodies to CMV due to CMV exposure prior
to pregnancy is the most important protective factor against congenital CMV disease.[4]
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Worldwide, seropositivity rates are lowest in Western Europe and the United States of Amer-
ica.[21] This low rate is associated with a higher risk of primary CMV infection during
pregnancy.

Despite the extraordinary disease burden that primary CMV infection during pregnancy
places on the newborn infant, routine serological screening of pregnant women for CMV is not
currently recommended.[22] Nevertheless, several options are available to prevent fetal CMV
infection during pregnancy. Confirming CMV seronegativity and educating women during
pregnancy can help modify maternal behavior and can decrease the rate of seroconversion in
pregnant women who are at risk of infection.[23–25] Hyperimmunoglobulin therapy in preg-
nant women with primary CMV infection is an interesting—albeit experimental—approach
that may reduce the rate of congenital infections in selected cases, even though a recent ran-
domized, placebo-controlled trial failed to confirm the initially promising results.[17, 26, 27]

Identifying women who are at risk for seronegativity during pregnancy and understanding
the resulting risk of subsequent primary CMV infection during pregnancy are crucial steps
towards preventing congenital CMV infection. The aim of this study was to identify potential
predictors, and to develop and evaluate a risk-predicting model for the maternal CMV serosta-
tus in early pregnancy.

Materials and Methods

Participants
From December 2009 through April 2013, pregnant women who were receiving routine prena-
tal care at the Department of Obstetrics and Fetomaternal Medicine at the Medical University
of Vienna were invited to participate in Biotest study 963, a randomized, open, controlled, pro-
spective, multicenter and multinational study (study title: “Prevention of Congenital Cytomeg-
alovirus Infection in Infants of Mothers with Primary Cytomegalovirus Infection during
Pregnancy”). The inclusion criteria were gestational age�13 weeks + six days and maternal
age 18–45 years. At the initial screening visit of the study, CMV-specific antibodies were mea-
sured, and the results were documented in the patient’s medical file. All participating subjects
provided written informed consent.

For the present study, we performed a retrospective chart analysis of all patients who were
eligible for the Biotest study at our study site. Data regarding maternal CMV serostatus, demo-
graphics, maternal and paternal migration background, and educational level were extracted
from the medical files. Since November 2010, this parental background information has been
collected routinely during medical interviews conducted at the first prenatal visit at our depart-
ment. Women who were seropositive for CMV IgM antibodies and women for whom more
than one variable was missing were excluded from the analysis. This study was approved by the
institutional review board of the Medical University of Vienna (Reference number 1704_2013).

Definition of terms
Seropositivity was defined as the presence of CMV-specific IgG antibodies in the maternal
serum; the presence of this antibody serves as a marker for whether the woman has ever been
infected with CMV. Seronegativity was defined as the absence of CMV-specific IgG antibodies.
Seroprevalence was defined as the prevalence of CMV seropositivity within a defined popula-
tion. Gravidity refers to the total number of previous pregnancies; Parity refers to the number
of viable previous pregnancies. Maternal and paternal educational status (ES) was classified as
the completion of no education, primary education, or lower secondary education (ES 1);
upper secondary education (ES 2); post-secondary non-tertiary education (ES 3); or tertiary
education (ES 4). Migration background (MB) was used to define an individual who was born
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outside of Western Europe and is currently living in (i.e., emigrated to) Western Europe. The
various migrational regions are illustrated in Fig 1.

Because a generally accepted definition of “Western Europe” is not available, we divided
Europe into Western Europe and Eastern Europe based on the former Iron Curtain, which was
a political and physical boundary that divided Europe into two separate regions until 1991,
including emigration restrictions.

Statistics
All analyses were performed using the statistical software package R, version 3.1.

Maternal age is reported as mean (+/- standard deviation); all other variables were categori-
cal and are reported as absolute or relative frequencies. For comparisons of distributions
between groups, the Student’s t-test was used for maternal age; the chi-square test was used for
all other variables. P-values� 0.05 were considered statistically significant. To describe the cor-
relation between parameters, Spearman’s rank correlation coefficient was calculated. To pre-
dict serostatus, a multiple logistic regression model was generated by stepwise forward-
backward model selection starting from a null-model and using the Akaike information crite-
rion as the selection criterion.[28] The scope of possible predictor variables included maternal
age, gravidity, parity, use of assisted reproduction techniques (ART), ES, and MB, as well as
paternal ES and MB. In addition, all pairwise interactions were permitted to be selected in the
model. The model’s sensitivity and specificity for various cut-off values were calculated using
receiver operating characteristic (ROC) curves. To assess the predictive quality of the selected
model in a new data set, five-fold cross-validation was performed. The data set was divided
randomly into five subsets of approximately equal sample size. For cross-validation, the model
coefficients were estimated from the five possible estimation data sets, each of which contained
four out of the five partial data subsets. The resulting models were then used to predict serosta-
tus in the respective prediction data set that was not used for the estimation. For each predic-
tion data set, an ROC curve was calculated, and the area under each ROC curve (AUC) was
compared to the AUC of the original model.

This model allows us to predict maternal CMV serostatus using the set of selected variables.
A score is calculated as the sum of the regression coefficients that match a woman’s observed
variable values, age times the regression coefficient for age and the model intercept. This score
is transformed to a predicted probability using the inverse logit link function. Thus, the follow-
ing equation was used to calculate the probability of seropositivity (Prob):

Prob ¼ eScore

1þ eScore

To facilitate calculation of a predicted probability for seropositivity using the logistic regres-
sion model, a nomogram was developed. In the nomogram, probability of CMV seropositivity
can be determined by reading points for each variable from the matching lower scale, summing
the points, and identifying the prediction of seropositivity associated with the total points line.

Note that the nomogram sum score is 1.11 larger than the score directly derived from the
model coefficients as the intercept is accounted for implicetely in the nomogram.

Results

Descriptive statistics
From a total of 998 women who were screened for the Biotest study since November 2010, the
complete data set (or only one variable missing) was available for 882 women; these 882
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Fig 1. Regions of origin by place of birth of included patients. (A) Light gray: Western Europe; Dark gray:
Eastern Europe. (B) Light gray: Middle East.

doi:10.1371/journal.pone.0145470.g001
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patients were included in our final analysis. The characteristics of these patients are summa-
rized in Table 1. The participants were then divided into two groups based on their serostatus;
646 women were seropositive (73.2%), and 236 were seronegative (26.8%). Based on bivariate
analyses, these two groups differed significantly with respect to maternal age, gravidity, parity,
the use of assisted reproduction techniques, maternal and paternal migration background, and
maternal and paternal education level (Table 1)

In general, the rate of seropositivity increased with increasing gravidity. The correlation
between gravidity and parity was high (r = 0.80). Women who were born in Western Europe
had significantly lower seroprevalence than women who were born outside of Western Europe
(p<0.001). Because no difference was observed with respect to seroprevalence between differ-
ent regions outside of Western Europe, we collapsed the information regarding origin into a
binary variable with values MB (for participants who migrated to Western Europe) or no MB
(for participants who were born in Western Europe).

Similarly to maternal MB, paternal MB was also associated with seroprevalence (p<0.001).
Seroprevalence was highest (96%) among women with both maternal and paternal MB. The
various countries of origin and the number of included patients from each country are summa-
rized in S1 Fig.

Low maternal and/or paternal ES was associated with higher seroprevalence (p<0.001);
moreover, maternal ES and paternal ES were significantly correlated (r = 0.63). The use of ART
was inversely correlated with seropositivity. We also found an inverse correlation between
maternal age and seropositivity. This latter finding appears to be contradictory to our finding
that increasing gravidity is associated with higher seroprevalence; we therefore compared
women with MB (n = 449; 50.9%) with women without MB (n = 433; 49.1%). The results of
these two subgroups are summarized in Table 2.

The women with MB had a seroprevalence rate of 93% compared to 53% in the women
without MB. No significant difference was found between the two groups with respect to
maternal age (p = 0.850, 95%CI for the difference of means: -0.80–0.66). However, both gravid-
ity and parity were significantly higher among the women with MB compared to the women
without MB. Moreover, both maternal and paternal ES were significantly lower in the patients
with MB (p<0.001). Furthermore, the use of ART was less common among the patients with
MB (p = 0.040)

Prediction model
To generate a prediction model, a multiple logistic regression analysis was performed in order
to identify variables that were predictive of maternal CMV serostatus. Our procedure yielded a
logistic regression model for serostatus that includes the following variables: maternal age, par-
ity, maternal ES, maternal MB, paternal MB, and the interaction between maternal MB and
paternal MB. To describe the association between MB and serostatus, we set MB as a categori-
cal variable with four stages corresponding to the four possible combinations of maternal and
paternal MB. The results of the parameterization of the selected prediction model are summa-
rized in Table 3.

The ROC curve for the model based on the complete data set is shown in Fig 2. The highest
sum of sensitivity and specificity is obtained when predicting a seropositive status for calcu-
lated probabilities above a cut-off of 0.74, with sensitivity and specificity values of 0.69 and
0.86, respectively, for predicting seropositivity. The AUC is 0.83 (95% CI: 0.8–0.86).

In addition, we performed five cross-validation rounds within the data set. The respective
AUCs are summarized in Table 4.
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Table 1. Summary of CMV-seronegative and CMV-seropositive women in early pregnancy.

N Total sample CMV seronegative CMV seropositive p-value OR (95% CI)

Total 882 882 (100) 236 (26.8) 646 (73.2)

Maternal Age, years 882 30.63 ± 5.49 31.49 ± 5.51 30.32 ± 5.46 0.006

Gravidity 881 <0.001

1 291 (33) 104 (36) 187 (64) 1 (reference)

2 276 (31) 81 (29) 195 (71) 1.3 (0.9–1.9)

3 184 (21) 35 (19) 149 (81) 2.4 (1.5–3.7)

�4 130 (15) 16 (12) 114 (88) 4.0 (2.2–7.1)

Parity 881 <0.001

0 398 (45) 144 (36) 254 (64) 1 (reference)

1 301 (34) 70 (23) 231 (77) 1.9 (1.3–2.6)

2 122 (14) 16 (13) 106 (87) 3.8 (2.1–6.6)

�3 60 (7) 6 (10) 54 (90) 5.1 (2.1–12.2)

Assisted Reproduction 878 0.018

No 837 (95) 217 (26) 620 (74) 1 (reference)

Yes 41 (5) 18 (44) 23 (56) 0.5 (0.2–0.8)

Origin by place of birth (M) 882 <0.001

Western Europe 432 (49) 204 (47) 228 (53) 1 (reference)

Eastern Europe 273 (31) 23 (8) 250 (92) 9.4 (6.1–15.5)

Middle East 85 (10) 3 (4) 82 (96) 24.5 (7.6–78.6)

Others 92 (10) 6 (7) 86 (93) 12.8 (5.5–30.0)

Migration Background (M) 882 <0.001

No 433 (49) 204 (47) 229 (53) 1 (reference)

Yes 449 (51) 32 (7) 417 (93) 11.6 (7.7–17.4)

Migration Background (P) 864 <0.001

No 449 (52) 196 (44) 253 (56) 1 (reference)

Yes 415 (48) 33 (8) 382 (92) 9.0 (6.0–13.4)

Migration Background (combined) 864 <0.001

M: No P: No 349 (40) 177 (51) 172 (49) 1 (reference)

M: No P: Yes 74 (9) 21 (28) 53 (72) 2.6 (1.5–4.5)

M: Yes P: No 100 (12) 19 (19) 81 (81) 4.4 (2.6–7.5)

M: Yes P: Yes 341 (39) 12 (4) 329 (9) 28.2 (15.3–52.1)

Education Status (M) 855 <0.001

ES 1 142 (17) 15 (11) 127 (89) 1 (reference)

ES 2 360 (42) 77 (21) 283 (79) 0.4 (0.2–0.8)

ES 3 92 (11) 31 (34) 61 (66) 0.2 (0.1–0.5)

ES 4 261 (31) 104 (40) 157 (60) 0.2 (0.1–0.3)

Education Status (P) 827 <0.001

ES 1 128 (15) 17 (13) 111 (87) 1 (reference)

ES 2 387 (47) 85 (22) 302 (78) 0.5 (0.3–1.0)

ES 3 37 (4) 16 (43) 21 (57) 0.2 (0.1–0.5)

ES 4 275 (33) 107 (39) 168 (61) 0.2 (0.1–0.4)

Maternal age is presented as mean (SD), the other variables as numbers (%).

M indicates maternal; P, paternal; OR, odds ratio versus the reference group; CI, 95% confidence interval.

doi:10.1371/journal.pone.0145470.t001
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The ROC curves obtained (S2 Fig) and the AUC values suggest that the predictive capacity
of the model is stable when used to test a new data set from a similar population.

The resulting nomogram is shown in Fig 3.

Discussion
Our aim was to identify potential predictors of maternal CMV serostatus in early pregnancy
and to create and evaluate a model for predicting CMV serostatus. Knowledge about predic-
tors of maternal CMV serostatus can help to assess a women’s individual CMV-associated
risk in pregnancy, influence the counseling of pregnant women, and contribute to efforts to
avoid congenital CMV infections. In this study we found that i) serostatus is significantly cor-
related with maternal age, gravidity, parity, and education level; ii) maternal MB is associated
with higher CMV seroprevalence; and iii) paternal MB and ES are correlated with maternal

Table 2. Comparison between women without and women with migration background (MB).

N MB No (433) MB Yes (449) p-value

CMV Serostatus 882 <0.001

Seronegative 204 (47) 32 (7)

Seropositive 229 (53) 417 (93)

Maternal Age, years 882 30.6 ± 5.7 30.7 ± 5.3 0.850

Gravidity 881 <0.001

1 188 (43) 103 (23)

2 139 (32) 137 (31)

3 72 (17) 112 (25)

�4 34 (8) 96 (21)

Parity 881 <0.001

0 247 (57) 151 (34)

1 133 (31) 168 (38)

2 36 (8) 86 (19)

�3 17 (4) 43 (10)

Assisted Reproduction 878 0.040

No 403 (94) 434 (97)

Yes 27 (6) 14 (3)

Migration Background (P) 864 <0.001

No 349 (83) 100 (23)

Yes 74 (17) 341 (77)

Education Status (M) 855 <0.001

ES 1 38 (9) 104 (24)

ES 2 178 (42) 182 (42)

ES 3 53 (13) 39 (9)

ES 4 153 (36) 108 (25)

Education Status (P) 827 <0.001

ES 1 44 (11) 84 (21)

ES 2 184 (44) 203 (50)

ES 3 20 (5) 17 (4)

ES 4 170 (41) 105 (26)

Maternal age is presented as mean (SD), the other variables as numbers (%).

M indicates maternal; P, paternal.

doi:10.1371/journal.pone.0145470.t002
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Table 3. Selected predictionmodel for CMV seropositivity.

Estimate SE OR 95% CI p-valuea

Intercept 1.536 0.597

Age -0.042 0.019 0.96 0.92–0.99 0.025

Parity 0.041

0 0 1

1 0.363 0.207 1.44 0.96–2.16

2 0.617 0.336 1.85 0.96–3.58

�3 1.136 0.510 3.11 1.15–8.47

Education status (M) 0.039

ES 1 0 1

ES 2 -0.210 0.342 0.81 0.41–1.58

ES 3 -0.613 0.408 0.54 0.24–1.21

ES 4 -0.770 0.361 0.46 0.23–0.94

Migration Background <0.001

M: No P: No 0 1

M: No P: Yes 0.756 0.290 2.13 1.21–3.76

M: Yes P: No 1.326 0.287 3.77 2.15–6.61

M: Yes P: Yes 3.101 0.317 22.22 11.94–41.36

Estimate and SE refer to the model regression coefficients and their standard error, respectively. OR indicates odds ratios when comparing a given class

to the reference class of the same variable and holding constant all other variables.

M indicates maternal; P, paternal.
aWald test

doi:10.1371/journal.pone.0145470.t003

Fig 2. ROC curve for the multiple logistic regression model for CMV serostatus using a set of selected
predictors.

doi:10.1371/journal.pone.0145470.g002
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CMV serostatus. Based on these findings, we generated a model for predicting maternal CMV
serostatus; in addition, we generated a nomogram that may provide more structured informa-
tion that can be used to counsel pregnant women regarding the risks associated with CMV
seronegativity.

The presence of CMV-specific IgG antibodies in the serum—which indicates a prior or cur-
rent CMV infection—has been correlated previously with several epidemiological factors,
including age, gravidity, parity, and socioeconomic status.[3, 4, 6, 21] Most of these previous
findings are consistent with our own findings. However, we found an inverse correlation
between maternal age and seropositivity, which is in contrast to other published findings.[4]
There are several possible explanations for this discrepancy. Although maternal age was the
same in women with MB and women with non-MB, gravidity and parity were higher in the
women with MB. CMV can be transmitted via several routes, including adult-to-child, child-
to-adult, and adult-to-adult. Most children in developing countries are infected with CMV by
the age of three years.[29] Therefore the risk to acquire a CMV infection increases with the
number of children living in a family and depends on the child’s care situation.[30, 31] In addi-
tion, both maternal and paternal ES were lower in the patients with MB. Lower ES is associated
with lower financial income, which results in narrow living space and possibly lower standards
of hygiene. This further increases the chance of CMV transmission between mother and chil-
dren. Lastly, women with MB had more often partners with MB compared to women without
MB. Reports of CMV in semen, saliva, and cervical secretions suggest that transmission can
occur during sexual activity, and sexual activity can affect CMV seroprevalence among women
of childbearing age.[32, 33] Therefore, a woman’s CMV serostatus can be influenced by her
partner’s behavior and/or characteristics.

In light of these findings, in our cohort the socioeconomic situation appears to supersede
the effect of maternal age on CMV serostatus in early pregnancy. The majority of women born
within Western Europe in recent decades have high socioeconomic status, and the average age
at their first pregnancy is increasing. We therefore hypothesize that improved socioeconomic
conditions in Western Europe have led to a decreased rate of CMV seropositivity, thereby
increasing the risk of primary CMV infection during pregnancy.

The Centers for Disease Control and Prevention (CDC) in Atlanta, GA recommend: i)
against routine serological screening for CMV, ii) that women consult their doctor regarding
the risk of CMV infection during pregnancy, and iii) that pregnant women receive counseling
regarding simple hygiene precautions to prevent CMV infection.[22] This approach advocated
by the CDC can clearly cause a dilemma for both consulting healthcare professionals and preg-
nant women—on the one hand, the individual risk of primary CMV infection is difficult to
assess in developed countries; on the other hand, the success of preventive measures depends
on the woman’s motivation to follow these hygiene recommendations. Given this dilemma,
identifying women who are at risk for seronegativity is crucial. Therefore, we attempted to

Table 4. AUCsmeasured from the five-fold cross-validation analysis.

AUC 95% CI

Selected model 0.829 0.800–0.857

Cross-validation set 1 0.831 0.768–0.894

Cross-validation set 2 0.774 0.702–0.847

Cross-validation set 3 0.814 0.742–0.885

Cross-validation set 4 0.830 0.771–0.889

Cross-validation set 5 0.850 0.792–0.908

doi:10.1371/journal.pone.0145470.t004
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develop a risk-predicting model for maternal CMV serostatus in early pregnancy. Our logistic
regression model includes maternal age, parity, ES, maternal and paternal MB, and the interac-
tion between maternal and paternal MB. Because gravidity is correlated with parity, and
because paternal ES is correlated with maternal ES, it is not surprising that these variables were
not selected in the final model. With sensitivity and specificity values of 69% and 86%, respec-
tively, our method provides a high probability of accurately predicting CMV serostatus in early
pregnancy. Although easy accessible to healthcare providers, this information can have a
strong influence on the counseling given to pregnant woman in terms of CMV-associated risk.

Our study has several limitations that bear mentioning. First, the women included in the
study reflect a group of patients derived from a single tertiary care centre located in a European
capital city. Nevertheless, the observed prevalence of CMV seropositivity among the Western
European women in our study population is consistent with other published reports.[21, 34]
In addition, the usefulness of the presented prediction model appears to be geographically
restricted. Although our cross-validation results suggest that the predictive capacity of our pre-
diction model and nomogram is stable, external validation with comparable populations is
needed before our model can be extrapolated for use on a broader scale.

Fig 3. Nomogram to predict maternal CMV seropositivity in early pregnancy. Points for each variable are read from the matching lower scale. The sum
of the points plotted on the sum score line corresponds with the prediction of maternal CMV seropositivity, which is assigned by drawing a vertical line to the
probability scale. Parental Migration Background (MB) is indicated in four classes: 00, both parents have no MB; 01, only the father has MB; 10, only the
mother has MB; 11 both parents have MB. Education status indicates maternal Education Status as defined above.

doi:10.1371/journal.pone.0145470.g003

Prediction of Maternal CMV Serostatus in Early Pregnancy

PLOS ONE | DOI:10.1371/journal.pone.0145470 December 22, 2015 11 / 14



A strength of our study is that we analyzed women who were included in the screening
phase of a prospective, randomized trial, thus reducing the risk of selection bias that often
occurs with retrospective chart reviews. Moreover, the wide range of evaluated predictors
including paternal variables is an additional strength of our study.

To conclude, identifying women who are at risk for CMV seronegativity in early pregnancy
is important in order to avoid congenital CMV infection. We ascertained predictors of mater-
nal CMV serostatus in early pregnancy and developed a risk-predicting model based on base-
line epidemiological characteristics. Our findings provide easily accessible information that can
strongly influence the counselling given to pregnant woman in terms of their CMV-associated
risk.

Supporting Information
S1 Fig. Regions of origin by place of birth, and the number of included patients. (A) Light
blue: Western Europe; Dark blue: Eastern Europe. (B) Light blue: Middle East. (C) Other geo-
graphical regions.
(TIF)

S2 Fig. ROC curves for the five cross-validation rounds of the presented predictive model.
(PDF)

Acknowledgments
The authors are grateful to all the participants and health professionals involved in the present
study for their enthusiasm and commitment. We further wish to acknowledge Mag. Florian
Heinzl for assistance in the preparation of the figures. Professional editing support was pro-
vided by Dr. Curtis Barrett of English Editing Solutions. The authors thank Biotest AG,
Dreieich, Germany for the permission to early publish selected data of maternal CMV testing
from our site.

Author Contributions
Conceived and designed the experiments: HK LK JB. Performed the experiments: RR LK HH
HK. Analyzed the data: RR LK HH HK. Contributed reagents/materials/analysis tools: RR HK.
Wrote the paper: LK HH TPK JM RR HK. Collected data and contributed to literature search
and interpreting the data: JM JB.

References
1. Gandhi MK, Khanna R. Human cytomegalovirus: clinical aspects, immune regulation, and emerging

treatments. The Lancet infectious diseases. 2004; 4(12):725–38. Epub 2004/11/30. doi: 10.1016/
S1473-3099(04)01202-2 PMID: 15567122

2. Sheffield JS, Boppana SB. Cytomegalovirus infection in pregnancyWaltham, MA: UpToDate; 2015
[updated May 29, 2015; cited 2015 October 31]. Available: http://www.uptodate.com.

3. Plosa EJ, Esbenshade JC, Fuller MP, Weitkamp JH. Cytomegalovirus infection. Pediatrics in review /
American Academy of Pediatrics. 2012; 33(4):156–63; quiz 63. Epub 2012/04/05. doi: 10.1542/pir.33-
4-156 PMID: 22474112

4. Fowler KB, Stagno S, Pass RF. Maternal immunity and prevention of congenital cytomegalovirus infec-
tion. JAMA: the journal of the American Medical Association. 2003; 289(8):1008–11. Epub 2003/02/25.
PMID: 12597753

5. Gratacap-Cavallier B, Bosson JL, Morand P, Dutertre N, Chanzy B, Jouk PS, et al. Cytomegalovirus
seroprevalence in French pregnant women: parity and place of birth as major predictive factors. Euro-
pean journal of epidemiology. 1998; 14(2):147–52. Epub 1998/04/29. PMID: 9556173

Prediction of Maternal CMV Serostatus in Early Pregnancy

PLOS ONE | DOI:10.1371/journal.pone.0145470 December 22, 2015 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0145470.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0145470.s002
http://dx.doi.org/10.1016/S1473-3099(04)01202-2
http://dx.doi.org/10.1016/S1473-3099(04)01202-2
http://www.ncbi.nlm.nih.gov/pubmed/15567122
http://www.uptodate.com
http://dx.doi.org/10.1542/pir.33-4-156
http://dx.doi.org/10.1542/pir.33-4-156
http://www.ncbi.nlm.nih.gov/pubmed/22474112
http://www.ncbi.nlm.nih.gov/pubmed/12597753
http://www.ncbi.nlm.nih.gov/pubmed/9556173


6. Pembrey L, Raynor P, Griffiths P, Chaytor S, Wright J, Hall AJ. Seroprevalence of cytomegalovirus,
Epstein Barr virus and varicella zoster virus among pregnant women in Bradford: a cohort study. PloS
one. 2013; 8(11):e81881. doi: 10.1371/journal.pone.0081881 PMID: 24312372

7. Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK. The "silent" global burden of congenital
cytomegalovirus. Clin Microbiol Rev. 2013; 26(1):86–102. doi: 10.1128/CMR.00062-12 PMID:
23297260

8. Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiology of congenital cytomegalovi-
rus (CMV) infection. Reviews in medical virology. 2007; 17(4):253–76. Epub 2007/06/21. PMID:
17579921

9. Ornoy A, Diav-Citrin O. Fetal effects of primary and secondary cytomegalovirus infection in pregnancy.
Reprod Toxicol. 2006; 21(4):399–409. Epub 2006/04/04. doi: 10.1016/j.reprotox.2005.02.002 PMID:
16580941

10. Mussi-Pinhata MM, Yamamoto AY, Moura Brito RM, de Lima Isaac M, de Carvalho e Oliveira PF, Bop-
pana S, et al. Birth prevalence and natural history of congenital cytomegalovirus infection in a highly
seroimmune population. Clinical infectious diseases: an official publication of the Infectious Diseases
Society of America. 2009; 49(4):522–8. Epub 2009/07/09. doi: 10.1086/600882

11. van der Sande MA, Kaye S, Miles DJ, Waight P, Jeffries DJ, Ojuola OO, et al. Risk factors for and clini-
cal outcome of congenital cytomegalovirus infection in a peri-urban West-African birth cohort. PloS
one. 2007; 2(6):e492. Epub 2007/06/07. doi: 10.1371/journal.pone.0000492 PMID: 17551573

12. Fisher S, Genbacev O, Maidji E, Pereira L. Human cytomegalovirus infection of placental cytotropho-
blasts in vitro and in utero: implications for transmission and pathogenesis. Journal of virology. 2000;
74(15):6808–20. Epub 2000/07/11. PMID: 10888620

13. Istas AS, Demmler GJ, Dobbins JG, Stewart JA. Surveillance for congenital cytomegalovirus disease:
a report from the National Congenital Cytomegalovirus Disease Registry. Clinical infectious diseases:
an official publication of the Infectious Diseases Society of America. 1995; 20(3):665–70. Epub 1995/
03/01.

14. Kadambari S, Williams EJ, Luck S, Griffiths PD, Sharland M. Evidence based management guidelines
for the detection and treatment of congenital CMV. Early human development. 2011; 87(11):723–8.
Epub 2011/10/04. doi: 10.1016/j.earlhumdev.2011.08.021 PMID: 21962770

15. Adler SP. Congenital cytomegalovirus screening. The Pediatric infectious disease journal. 2005; 24
(12):1105–6. Epub 2005/12/24. PMID: 16371874

16. Bodeus M, Kabamba-Mukadi B, Zech F, Hubinont C, Bernard P, Goubau P. Human cytomegalovirus in
utero transmission: follow-up of 524 maternal seroconversions. Journal of clinical virology: the official
publication of the Pan American Society for Clinical Virology. 2010; 47(2):201–2. Epub 2009/12/17. doi:
10.1016/j.jcv.2009.11.009

17. Nigro G, Adler SP, La Torre R, Best AM. Passive immunization during pregnancy for congenital cyto-
megalovirus infection. The New England journal of medicine. 2005; 353(13):1350–62. Epub 2005/09/
30. doi: 10.1056/NEJMoa043337 PMID: 16192480

18. Boppana SB, Fowler KB, Britt WJ, Stagno S, Pass RF. Symptomatic congenital cytomegalovirus infec-
tion in infants born to mothers with preexisting immunity to cytomegalovirus. Pediatrics. 1999; 104(1 Pt
1):55–60. PMID: 10390260

19. Townsend CL, Forsgren M, Ahlfors K, Ivarsson SA, Tookey PA, PeckhamCS. Long-term outcomes of
congenital cytomegalovirus infection in Sweden and the United Kingdom. Clinical infectious diseases:
an official publication of the Infectious Diseases Society of America. 2013; 56(9):1232–9. doi: 10.1093/
cid/cit018

20. Fowler KB, Stagno S, Pass RF, Britt WJ, Boll TJ, Alford CA. The outcome of congenital cytomegalovi-
rus infection in relation to maternal antibody status, Correspondence. The New England journal of med-
icine. 1992; 327(10):495–6.

21. Cannon MJ, Schmid DS, Hyde TB. Review of cytomegalovirus seroprevalence and demographic char-
acteristics associated with infection. Reviews in medical virology. 2010; 20(4):202–13. Epub 2010/06/
22. doi: 10.1002/rmv.655 PMID: 20564615

22. Centers for Disease Control and Prevention—Atlanta G, USA Cytomegalovirus (CMV) and Congenital
CMV Infection 2015 [updated December 6, 20102015/04/28]. Available: http://www.cdc.gov/cmv/index.
html.

23. Adler SP, Finney JW, Manganello AM, Best AM. Prevention of child-to-mother transmission of cyto-
megalovirus by changing behaviors: a randomized controlled trial. The Pediatric infectious disease
journal. 1996; 15(3):240–6. Epub 1996/03/01. PMID: 8852913

24. Adler SP, Finney JW, Manganello AM, Best AM. Prevention of child-to-mother transmission of cyto-
megalovirus among pregnant women. The Journal of pediatrics. 2004; 145(4):485–91. Epub 2004/10/
14. doi: 10.1016/j.jpeds.2004.05.041 PMID: 15480372

Prediction of Maternal CMV Serostatus in Early Pregnancy

PLOS ONE | DOI:10.1371/journal.pone.0145470 December 22, 2015 13 / 14

http://dx.doi.org/10.1371/journal.pone.0081881
http://www.ncbi.nlm.nih.gov/pubmed/24312372
http://dx.doi.org/10.1128/CMR.00062-12
http://www.ncbi.nlm.nih.gov/pubmed/23297260
http://www.ncbi.nlm.nih.gov/pubmed/17579921
http://dx.doi.org/10.1016/j.reprotox.2005.02.002
http://www.ncbi.nlm.nih.gov/pubmed/16580941
http://dx.doi.org/10.1086/600882
http://dx.doi.org/10.1371/journal.pone.0000492
http://www.ncbi.nlm.nih.gov/pubmed/17551573
http://www.ncbi.nlm.nih.gov/pubmed/10888620
http://dx.doi.org/10.1016/j.earlhumdev.2011.08.021
http://www.ncbi.nlm.nih.gov/pubmed/21962770
http://www.ncbi.nlm.nih.gov/pubmed/16371874
http://dx.doi.org/10.1016/j.jcv.2009.11.009
http://dx.doi.org/10.1056/NEJMoa043337
http://www.ncbi.nlm.nih.gov/pubmed/16192480
http://www.ncbi.nlm.nih.gov/pubmed/10390260
http://dx.doi.org/10.1093/cid/cit018
http://dx.doi.org/10.1093/cid/cit018
http://dx.doi.org/10.1002/rmv.655
http://www.ncbi.nlm.nih.gov/pubmed/20564615
http://www.cdc.gov/cmv/index.html
http://www.cdc.gov/cmv/index.html
http://www.ncbi.nlm.nih.gov/pubmed/8852913
http://dx.doi.org/10.1016/j.jpeds.2004.05.041
http://www.ncbi.nlm.nih.gov/pubmed/15480372


25. Vauloup-Fellous C, Picone O, Cordier AG, Parent-du-Chatelet I, Senat MV, Frydman R, et al. Does
hygiene counseling have an impact on the rate of CMV primary infection during pregnancy? Results of
a 3-year prospective study in a French hospital. Journal of clinical virology: the official publication of the
Pan American Society for Clinical Virology. 2009; 46 Suppl 4:S49–53. Epub 2009/10/09.

26. Adler SP, Nigro G. Prevention of maternal-fetal transmission of cytomegalovirus. Clinical infectious dis-
eases: an official publication of the Infectious Diseases Society of America. 2013; 57 Suppl 4:S189–92.
Epub 2013/12/07. doi: 10.1093/cid/cit585

27. Revello MG, Lazzarotto T, Guerra B, Spinillo A, Ferrazzi E, Kustermann A, et al. A randomized trial of
hyperimmune globulin to prevent congenital cytomegalovirus. The New England journal of medicine.
2014; 370(14):1316–26. doi: 10.1056/NEJMoa1310214 PMID: 24693891

28. Burnham KP, Anderson DR, Burnham KP. Model selection and multimodel inference: a practical infor-
mation-theoretic approach. 2nd ed. New York: Springer; 2002. xxvi, 488 p. p.

29. Feigin RD. Feigin & Cherry's textbook of pediatric infectious diseases. 6th ed. Philadelphia, PA: Saun-
ders/Elsevier; 2009.

30. Fowler KB, Pass RF. Risk factors for congenital cytomegalovirus infection in the offspring of young
women: exposure to young children and recent onset of sexual activity. Pediatrics. 2006; 118(2):e286–
92. doi: 10.1542/peds.2005-1142 PMID: 16847076

31. Staras SA, FlandersWD, Dollard SC, Pass RF, McGowan JE Jr, Cannon MJ. Cytomegalovirus sero-
prevalence and childhood sources of infection: A population-based study among pre-adolescents in
the United States. Journal of clinical virology: the official publication of the Pan American Society for
Clinical Virology. 2008; 43(3):266–71. doi: 10.1016/j.jcv.2008.07.012

32. Demmler GJ. Infectious Diseases Society of America and Centers for Disease Control. Summary of a
workshop on surveillance for congenital cytomegalovirus disease. Reviews of infectious diseases.
1991; 13(2):315–29. PMID: 1645882

33. Staras SA, FlandersWD, Dollard SC, Pass RF, McGowan JE Jr, Cannon MJ. Influence of sexual activ-
ity on cytomegalovirus seroprevalence in the United States, 1988–1994. Sex Transm Dis. 2008; 35
(5):472–9. doi: 10.1097/OLQ.0b013e3181644b70 PMID: 18354346

34. Hecker M, Qiu D, Marquardt K, Bein G, Hackstein H. Continuous cytomegalovirus seroconversion in a
large group of healthy blood donors. Vox sanguinis. 2004; 86(1):41–4. PMID: 14984558

Prediction of Maternal CMV Serostatus in Early Pregnancy

PLOS ONE | DOI:10.1371/journal.pone.0145470 December 22, 2015 14 / 14

http://dx.doi.org/10.1093/cid/cit585
http://dx.doi.org/10.1056/NEJMoa1310214
http://www.ncbi.nlm.nih.gov/pubmed/24693891
http://dx.doi.org/10.1542/peds.2005-1142
http://www.ncbi.nlm.nih.gov/pubmed/16847076
http://dx.doi.org/10.1016/j.jcv.2008.07.012
http://www.ncbi.nlm.nih.gov/pubmed/1645882
http://dx.doi.org/10.1097/OLQ.0b013e3181644b70
http://www.ncbi.nlm.nih.gov/pubmed/18354346
http://www.ncbi.nlm.nih.gov/pubmed/14984558

