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viral load in 7 (78%). The kappa test for measures of agree-
ment showed a reasonable agreement (0.45) between cord 
blood PCR and urine PCR.  Conclusion:  This study showed 
that CMV infection in the cord blood sera of pregnant wom-
en is common in Kuwait and highlights the need for more 
clinically based studies to follow up newborns with congen-
ital CMV infection.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Congenital cytomegalovirus (CMV) infection is one 
of the most common intrauterine infections in newborn 
infants with reported incident rates varying from 0.15 to 
2% worldwide  [1] . Congenital CMV infection is transmit-
ted from mother to fetus as a consequence of primary or 
recurrent infection of the mother during pregnancy  [2, 
3] . About 85–90% of infants with congenital primary in-
fection have no signs or symptoms but around 5–15% of 
them may show sequelae later in life  [3] .

  Many studies have been conducted to identify CMV 
DNA during pregnancy which related the outcome to the 
congenital infection of fetuses  [4–7] . Revello et al.  [4]  
screened amniotic fluids. Fabrri et al.  [5]  and Kaneko et 
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 Abstract 

  Objective:  This study was undertaken to determine the 
prevalence of congenital cytomegalovirus (CMV) infection 
in pregnant women at the end of pregnancy in Kuwait using 
cord blood and maternal urine.  Subjects and Methods:  
Urine samples were collected prior to childbirth, and cord 
blood was collected immediately after delivery from 983 
women. Anti-CMV IgG and IgM antibodies were determined 
using ELISA; CMV DNA was detected using nested PCR, and 
viral load was calculated using real-time PCR. CMV concen-
tration in samples was categorized as low when the viral load 
 ̂  10 3  copies/ � l, intermediate when the viral load = 10 3 –10 4  
copies/ � l, and high when the viral load  1 10 4  copies/ � l. The 
cord blood serology outcome was compared to cord blood 
PCR, cord blood viral load, maternal urine PCR and viral load 
analyses.  Results:  Serology showed that of the 983 cord 
blood samples, 89 (9%) were positive for anti-CMV IgM anti-
bodies; PCR test showed 44 (4.5%) contained CMV DNA, and 
there was a high viral load in all. Maternal urine PCR showed 
that 9 (10.11%) women had CMV DNA, and there was a high 
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al.  [6]  screened cord blood sera. Munro et al.  [7]  used ma-
ternal urine and Revello et al.  [8]  compared the presence 
of CMV DNA in the peripheral blood of normal blood 
donors with that of pregnant women. Khare et al.  [9]  used 
serial PCR assays of maternal urine to screen for primary 
CMV infection during pregnancy, compared the urine 
PCR results with those from cord blood, and found that 
1 out of 609 (0.16%) women had viral DNA in the urine 
and subsequently developed seroconversion. CMV DNA 
was also detected in matching cord blood.

  Noninvasive diagnostic tests for congenital CMV de-
tection may be carried out when women are at the end of 
their pregnancies so that early diagnosis and early inter-
vention of asymptomatic neonates who may be at risk of 
developing conditions such as sensorineural hearing loss 
can be treated  [10] . This study was undertaken to inves-
tigate the prevalence of CMV infection in pregnant wom-
en in Kuwait. Cord blood serology, cord blood PCR and 
maternal urine PCR from women at the end of their preg-
nancy were analyzed and compared.

  Subjects and Methods 

 Subjects 
 Nine hundred and eighty-three women attending the labor 

ward at the Maternity Hospital took part in the study. Informed 
consent was obtained from each woman. The study was approved 
by the Ministry of Health and the Faculty of Medicine Ethics 
Committee. The age range of the subjects was 16–48 years (me-
dian 29 years) and 392 of the women had a gestational age of 40 
weeks or more at delivery. The majority, 740 women, had a vaginal 
delivery and 243 had caesarean delivery. A lesser proportion, 299 
women, were primigravidas and 765 had no previous abortion or 
miscarriage. Other information was obtained from the hospital 
records of the women, including: (a) the number of pregnancies, 
(b) whether the woman was having term or preterm delivery and 
(c) the number of previous abortions or miscarriages. 

  Voided urine was collected from the women as they presented 
to the labor wards with no prior selection, and cord blood was 
taken immediately after childbirth. Cord blood serum from each 
woman was initially tested for anti-CMV IgG and IgM antibodies 
and then tested with urine samples for the presence of the CMV 
genome using the nested PCR technique. The viral load of CMV 
was detected in serum and urine samples that were positive for 
the CMV genome.

  Serological Assays 
 Anti-CMV IgG and IgM antibodies were determined using a 

CMV IgG enzyme immunoassay test kit and a CMV IgM enzyme 
immunoassay test kit (ClinPro International Co., Union City,
Calif., USA). The serology was performed according to the manu-
facturer’s instructions and by reading the optical density for neg-
ative control, positive control and cut-off calibrators. Samples 
with optical density  ! 0.99 IU/ml were considered negative for the 

presence of anti-CMV antibodies, and samples with optical den-
sity  6 0.99 IU/ml were considered positive for the presence of an-
ti-CMV antibodies.

  DNA Extraction, Primers and PCR Assays 
 DNA was extracted from 200  � l of cord blood serum using 

NucleoSpin �  Genomic DNA from a blood kit (Macherey-Nagel 
GmbH & Co., Düren, Germany), according to the manufacturer’s 
instructions. Genomic DNA was extracted from urine samples 
stored at –80   °   C using NucleoSpin genomic DNA from a tissue kit 
(Macherey-Nagel), according to the manufacturer’s instructions. 
DNA from CMV reference strain AD169 (American Type Culture 
Collection, Rockville, Md., USA) was also extracted by the same 
procedure using the tissue kit (Macherey-Nagel). The extracted 
DNA was eluted with 80  � l of elution buffer.

  PCR assays were carried out as follows: 3  � l of the extracted 
DNA was mixed with 12.5  � l of PCR mix composed of AmpliTaq 
Gold DNA polymerase (0.625 U/ � l), GeneAmp PCR Gold Buffer 
containing 15 m M  Tris/HCl at pH 8.05, 50 m M  KCl, dNTP (200 
 �  M  each), 2.5 m M  MgCl 2  (Applied Biosystems, Foster City, Calif., 
USA) and 0.4  �  M  of each primer. PCR amplification was carried 
out in a DNA thermal cycler (Mastercycler �  ep, Eppendorf AG, 
Hamburg, Germany). The amplified DNA was visualized on 
ethidium bromide-stained 1% agarose gel after electrophoresis.

   � -Globin primers were used to determine the integrity of the 
target DNA by  � -globin PCR assay, amplifying a target of 268 bp 
fragment, as described previously by Lum and Le Marchand  [11] . 
The PCR amplification was initiated at 95   °   C for 10 min and com-
pleted in 35 amplification cycles (denaturation at 94   °   C for 1 min, 
annealing at 55 °   C for 1 min and extension at 72   °   C for 1 min). The 
amplified DNA (268 bp) was visualized on ethidium bromide-
stained 1% agarose gel after electrophoresis. The primers used in 
the nested CMV PCR assay were derived from the CMV major 
immediate-early exon 4 gene, as described previously by Dzieci-
atkowski et al.  [12] , and were custom synthesized (Syngyn, Inc., 
Chester, Pa., USA). 

  As for the CMV PCR assay, the first reaction mixture of the 
nested PCR assay was carried out using the outer primers. The 
PCR assay included 20 amplification cycles, each run at 94   °   C for 
1 min, 58   °   C for 1 min and 72   °   C for 1 min. For the second reac-
tion, 1  � l of the PCR product was transferred to a second reaction 
mixture containing 24  � l of the PCR mix and each of the inner 
primers. A total of 30 amplification cycles were carried out and 
the amplified DNA (146 bp) was visualized on ethidium bromide-
stained 1% agarose gel after electrophoresis. DNA from AD169 
strain was used as a positive control and water as a negative con-
trol. 

  Real-Time PCR 
 Real-time PCR was carried out on cord blood serum and urine 

samples using an Abbott CMV ASRs kit (Abbott Molecular, Des 
Plaines, Ill., USA), as previously described by Caliendo et al.  [13]  
in combination with ABI PRISM �  7000 Sequence Detection Sys-
tem (Applied Biosystems). The kit included CMV Master Mix, 
CMV Mg-Sol (labeled with FAM), 4 CMV quantitation standards 
(QS) containing CMV target sequence (CMV QS1 at 1  !  10 
copies/ � l, CMV QS2 at 1  !  10 2  copies/ � l, CMV QS3 at 1  !  10 3  
copies/ � l, and CMV QS4 at 1  !  10 4  copies/ � l), water (PCR grade) 
and CMV internal control. This was used to assess the DNA ex-
traction procedure and verify possible PCR inhibition. 
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  The real-time PCR assay was carried out in a 96-well plate at a 
reaction volume of 50  � l containing 20  � l of extracted DNA and 
30  � l of Master Mix. The real-time PCR assay included 45 ampli-
fication cycles and, in each run, CMV QS at the 4 different con-
centrations; internal control, DNA extracts and a negative control 
were included. The outcome of real time was analyzed using Se-
quence Detection System software version 1.1 (Applied Biosys-
tems) with a cut-off line of 0.2 for analytic PCR and internal con-
trol. A standard curve was generated by the serially 10-fold con-
centrated CMV QS, and the value of the CMV DNA copies in each 
sample was plotted on a CMV QS curve and determined as the 
value of copies per  � l. The CMV concentration in the samples was 
categorized as follows: low, when the sample contained  ̂  10 3  
copies/ � l; intermediate, when the sample contained 10 3 –10 4  
copies/ � l, and high, when the sample contained  1 10 4  copies/ � l. 
In every real-time PCR run, the samples were analyzed in dupli-
cate; the average values of the CMV copy number per �l from the 
samples, the 4 CMV QS and 15 negative controls were taken. A 
cycle threshold of 29 or less was used as a cut-off point for QS and 
samples. 

  Data Analysis 
 The t test for two independent samples was used to test wheth-

er there was a statistical difference in the values of viral load in 
cord blood or in urine between anti-CMV IgG and IgM antibod-
ies. The measurement of agreement (kappa), which ranged from 
–1 to +1, was calculated for cord blood PCR and urine PCR out-
comes and was considered good when  1 0.070.

  Results 

 Serology Tests 
 The outcome of the enzyme immunoassay tests for the 

detection of anti-CMV IgG and IgM antibodies in 983 
cord blood samples is shown in  table 1 . Of the 983 sam-
ples, 89 (9%) were positive for anti-CMV IgM antibodies. 
Of these, about 90% were positive for anti-CMV IgG an-
tibodies. The results also show that 894 (91%) of the sam-
ples were negative for anti-CMV IgM antibodies, and 869 
(88%) of these had IgG antibodies, indicating that these 
cord blood samples belonged to women who had CMV 
infection in the past.

  PCR and Viral Load of Cord Blood 
 All the 983 specimens were suitable for PCR assay, as 

judged by the successful amplification of the  � -globin se-
quences. The results of nested PCR showed that CMV 
DNA was detected in 4 (0.4%) out of 983 cord blood sam-
ples.

  Statistical tests of gestational age at delivery showed 
that women with CMV DNA-positive cord blood had a 
mean gestational age of 37.7 weeks at delivery, and wom-
en with CMV DNA-negative cord blood had a mean ges-

tational age of 38.6 weeks (p = 0.028). Statistical analysis 
of the gestational age for women with anti-CMV IgM an-
tibodies and women without anti-CMV IgM antibodies 
did not show any significant difference (p = 0.75).

  Analysis of viral load in the cord blood samples showed 
that the median CMV viral load in 4 cord blood samples 
was 1.52  !  10 6  (copies/ � l), and the range was 3.30  !  10 4  
to 2.51  !  10 6  (copies/ � l). The comparative result of the 
PCR and serology is shown in  table 2 . Of the 80 samples, 
3 (3.75%) with anti-CMV IgM and IgG antibodies had 
CMV DNA, and quantitative PCR showed that the viral 
load was high in all of them (median viral load = 1.96  !  
10 6  copies/ � l). One sample (11.11%), which was positive 
for anti-CMV IgM antibodies and negative for anti-CMV 
IgG antibodies, had CMV DNA, and the viral load was at 
a high concentration (1.13  !  10 6  copies/ � l). 

  Correlation of Cord Blood and Maternal Urine PCR 
 The results of maternal urine PCR showed that CMV 

DNA was detected in 9 (0.9%) of the 983 women. CMV 
DNA was detected in 3 (0.3%) maternal urine samples that 
were obtained from women with cord blood positive for 
CMV DNA. The kappa test for agreement between cord 

Table 1. Cord blood serology outcome of 983 samples

Serology Anti-CMV IgM antibodies
n (%)

Total

positive negative

Anti-CMV IgG antibodies 
Positive 80 (8) 789 (80) 869 

(88)
Negative 9 (1) 105 (11) 114 

(12)

Total 89 (9) 894 (91) 983

Table 2. S erology and CMV DNA results in cord blood samples

Serology Anti-CMV IgM antibodies
n ( %)

Total

posi tive negative

CMV DNA positive 4 (0.4) 0 (0) 4 (0.4)
CMV DNA negative 85 (8.6) 894 (91) 979 (99.6)

Total 89 (9) 894 (91) 983
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blood PCR and urine PCR shows that there was a reason-
able agreement between the two tests (value = 0.45).

  The comparative result of urine PCR and serology out-
come is shown in  table 3  and demonstrates that 9 out of 
89 (10.11%) women with anti-CMV IgM antibodies had 
CMV DNA in the urine. 

  The viral load quantification of CMV DNA in the 9 
urine samples showed that the median CMV viral load 
was 0.9  !  10 6  (copies/ � l) and the range was 2.1  !  10 1  to 
1.89  !  10 7  (copies/ � l). Quantitative PCR of the urine 
samples showed that the viral load was high in 7 samples 
(median viral load = 5.56  !  10 7  copies/ � l) and low in 2 
(median viral load = 1.12  !  10 2  copies/ � l). 

  Box plot analysis of logarithmic-transformed viral 
load values of 4 cord blood samples with CMV DNA and 

anti-CMV IgM antibodies and 9 maternal urine samples 
with CMV DNA obtained from women with cord blood 
positive for anti-CMV IgM antibodies is shown in  figure 
1 . Analysis of the figure showed that the CMV copy num-
ber in the urine samples was higher than in cord blood. 
The quantitative results of CMV also showed that the vi-
ral concentration in 3 cord blood samples and the corre-
sponding maternal urine was high in both sets.

  Discussion 

 This study showed that the seroprevalence of CMV was 
88% in cord blood, consistent with other findings showing 
that CMV seroprevalence varies between countries and 
social status in normal populations and ranges from 50 to 
90%  [14] . This study also demonstrated that 9% of cord 
blood had anti-CMV IgM antibodies, consistent with the 
findings of Roback et al.  [15] , who screened umbilical cord 
blood units and found anti-CMV IgM antibodies were 
present in 8.3% of the units. Fabri et al.  [5]  have also shown 
that the prevalence of anti-CMV IgM in fetal cord blood 
was 7%. However, our findings are different from those 
reported by el-Mekki et al.  [16] , in which anti-CMV IgM 
antibodies were found in 2.6% of the 575 umbilical cord 
samples. The difference between the study of el-Mekki et 
al.  [16]  and this study could be due to the increase in the 
CMV infection trend in Kuwait  [17] , or it could be ex-
plained by the differences in the commercial tests and lab-
oratory preparation procedures used in the two studies. 

  New approaches have been suggested for the diagnosis 
of congenital CMV infection, based on CMV DNA quan-
tification in amniotic fluid or the combined assessment 
of ultrasound findings and low platelet count in fetal 
blood samples  [18, 19] . Recent studies have shown that the 
determination of specific virological, hematological and 
biochemical markers in fetal blood samples greatly help 
to predict a fetal neonatal CMV infection, once a positive 
viral detection has been established in amniotic fluid 
samples. Kaneko et al.  [6]  screened for CMV DNA in the 
cord blood of neonates with congenital CMV infection 
and found CMV DNA was present in 10% of cord blood 
sera. Khare et al.  [9]  screened seronegative pregnant 
women for the presence of CMV infection by using serial 
maternal urine PCR assays and found that 1 out of 609 
(0.16%) women had viral DNA in the urine and subse-
quently developed seroconversion; CMV DNA was also 
detected in matching cord blood. Munro et al.  [7]  also 
screened the maternal urine of pregnant women with an-
ti-CMV IgM antibodies by using nested PCR and found 

Table 3. S erology and CMV DNA results in urine samples of preg-
nant women

Serology Anti-CMV IgM antibodies
n (%)

Total

p ositive negative

CMV DNA positive 9 (0.9) 0 (0) 9 (0.9)
CMV DNA negative 80 (8.1) 894 (91) 974 (99.1)

Total 89 (9) 894 (91) 983
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  Fig. 1.  Box plot of logarithmic-transformed viral load values of 9 
urine and 4 cord blood samples with anti-CMV IgM antibodies.   
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that CMV DNA was present in 1.1%. Analysis of real-time 
PCR results in the current study showed that the CMV 
load in cord blood was more than that in urine. This 
could be explained by the fact that cord blood PCR was 
based on the determination of cell-free CMV copies in 
the serum, whereas in urine the PCR was based on the 
determination of cell-free and intracellular CMV copies. 
This also explains why CMV DNA is more detectable in 
maternal urine than in cord blood.

  The findings of this study revealed that maternal urine 
PCR was in agreement with 3 cord blood samples with 
CMV DNA did not confirm the presence of CMV DNA 
in a maternal urine sample corresponding to 1 cord blood 
with CMV DNA. This could be due to the fact that the 
CMV infection in this case was recent and viral shedding 
in the urine had not yet taken place.

  A wide range of CMV DNA concentration in urine 
samples was encountered in the study. This could be be-
cause of the low number of urine samples with CMV in-
fection. Another explanation is that some of the women 
had chronic CMV infection, CMV reactivation or viral 
clearance, resulting in the low level of CMV DNA in the 
urine samples. In cases with active infection a high level 
of CMV DNA was detected. 

  The current study showed that pregnant women with 
CMV DNA in their cord blood and urine had an earlier 
gestational age than women without CMV DNA, a find-
ing that is in agreement with Yamamoto et al.  [20] . 

  Clinical management of CMV infection during preg-
nancy is based mainly on the detection of CMV in the 
amniotic fluid and there is a general opinion that fetal 
infection acquired late in pregnancy does not result in 
symptomatic newborns, whereas infection acquired in 

the first half of pregnancy carries a higher risk of symp-
tomatic fetuses  [21, 22] . In this study, CMV infection was 
detected in the cord blood samples at the end of preg-
nancy and it was not possible to anticipate at which tri-
mester the primary or recurrent infection took place. 

  The main limitation of this study is that it lacks a fol-
low-up of newborns to correlate the virological markers 
with the development of congenital CMV infection and 
the appearance of long-term sequelae. Nevertheless, this 
study has laid the foundation for future studies to ascer-
tain the diagnosis of congenital CMV infection by the 
association of serology and DNA results with any clinical 
diseases.

  Conclusion 

 This study showed that the number of pregnant wom-
en with anti-CMV IgM antibodies in their cord blood 
sera has increased over the years in Kuwait, and their pro-
portion was relatively high. This study also showed that 
CMV DNA was detected more in the urine than in cord 
blood sera of pregnant women with anti-CMV IgM. 
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