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Abstract

Most congenital cytomegalovirus infections are asymptomatic at birth and therefore not diagnosed. 
Approximately 15% of these infants develop late-onset hearing loss and other developmental disorders. 
Implementation of a universal screening approach at birth may allow a closer follow-up of infants at risk 
and offers the opportunity to consider treatment. The objective of the current work was to perform, to our 
knowledge, for the first time, neonatal screening using saliva for CMV-DNA detection in RT-PCR in ran-
domly selected clinically healthy newborns in Varna, Bulgaria. From August 2017 to April 2018, saliva 
samples were collected from 63 healthy infants. DNA was extracted by RNA/DNA purification kit and was 
tested for CMV-DNA in RT-PCR. One saliva sample of the 63 tested (1.58%) showed detectable viral load. 
Saliva RT-PCR assay could be a feasible and effective technique for noninvasive neonatal CMV screening 
to detect affected infants who might benefit from follow-up or specific treatment.
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Резюме

Повечето вродени цитомегаловирусни инфекции са асимптоматични при раждането и 
следователно не се диагностицират. Приблизително 15% от тези бебета развиват късна загуба на 
слуха или имат други нарушения в развитието. Прилагането на универсален подход за скрининг 
при раждането може да позволи внимателно проследяване на бебета в риск и предлага възможност 
за лечение. Целта на настоящата работа е да се извърши, доколкото ни е известно за първи път, 
неонатален скрининг с използване на клиничен материал слюнка за откриване на CMV-ДНК в 
RT-PCR при произволно избрани клинично здрави новородени във Варна, България . От август 
2017 до април 2018 са събрани проби слюнка от 63 клинично здрави бебета. ДНК се екстрахира 
чрез комплект за пречистване на НК и се тества за CMV-ДНК в RT-PCR. Една проба слюнка от 63 
изследвани (1.58%) показа откриваем вирусен товар. RT-PCR анализът на слюнката може да бъде 
лесно осъществима и ефективна техника за неинвазивен неонатален CMV скрининг за откриване на 
засегнатите бебета, които могат да се възползват от проследяване или специфично лечение.

et al., 2013). The real burden of cCMV is due to 
undiagnosed asymptomatic infants born to mothers 
who were immune and not aware of the possibility 
of transmitting CMV to the fetus during pregnancy. 
Dollard et al. (2007) summarized data from 15 
projects of neonatal cCMV screening on a large 
scale (a total of 120 000 infants) and estimated that 

Introduction
Congenital cytomegalovirus (cCMV) infection 

is the most common intrauterine infection world-
wide with major neurodevelopmental implications 
(Demmler-Harrison, 2009). Global rates at birth are 
estimated at 0.64% but vary significantly across the 
various populations from 0.3% to 2.3% of all live 
births (Demmler-Harrison, 1991; Boppana 
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Varna: SBAGAL “Prof. Dr. Dimitar Stamatov”, 
MBAL “Maichin Dom” and MBAL “St. Anna”. A 
mandatory condition for inclusion in the study was 
for the children to be at the age that demonstrates 
congenital infection (up to 21 days). All mothers 
received clear explanations of the study’s purpose 
and completed informed consent.

The samples were collected before breast-
feeding the child to exclude interference with 
breast milk. The swab was gently placed on the 
inner surface of the infant’s cheek and left there 
for approximately 30 sec until the applicator was 
soaked with saliva and then transferred to a sterile 
tube containing 300 µl of sterile water. The swab 
stick was rotated inside the tube for 1 min and 
then the fluid was expressed from the applicator. 
Samples were immediately transported to the 
laboratory and frozen at -20°C until the day of 
analysis. The extraction was performed according 
to the protocol of manufacturer DNA-Sorb-A, 
Sacace, Biotechnologies, Italy.

PCR was performed using a commercial kit 
based on the Taq-man principle: Real-time Quan-
titative PCR for CMV-DNA detection (Sacace, Bi-
otechnologies, Italy). All reactions were performed 
in the presence of Internal Control (IC) to identify 
possible inhibition of the reaction and the endoge-
nous IC glob (b-globin gene) to assess the adequa-
cy of the material and its storage, according to the 
manufacturer‘s protocol.
Results 

The demographic characteristics of the en-
rolled participants are summarized in Table 1.

We found a low positive CMV-DNA load of 
74 IU/ml (lg 1.87) in a saliva sample from one child 
of the 63 asymptomatic newborns tested (1.58%, 
95% Wilson CI: 0.28 to 8.46). The child was three 
days old, born at 37 g. w., female, weighing 2650 
grams from a 20 year old mother, first pregnancy 
and first birth.

To evaluate the adequacy of the collected sam-
ples and the efficacy of the applied method, we also 
tested saliva and plasma samples from a 52-days old 

about 13.5% of the asymptomatic and about 50% of 
the symptomatic infants will suffer from sequelae 
later in life. Townsend et al. (2013) reported their 
experience with 176 infants with congenital CMV 
infection among 50 000 infants screened (0.35%) 
and found sequelae in 14% of the asymptomatic 
infants. Though universal newborn hearing screening 
currently successfully detects infants with congenital 
hearing impairment, many children with congenital 
asymptomatic CMV who could develop late-onset 
hearing loss are likely to be missed. Fowler et al. 
(1999) monitored 388 infected newborns diagnosed 
with CMV at birth for six years. While 5.2% were 
detected with sensory-neural hearing loss (SNHL) at 
birth, 15.4% of the children by the age of 72 months 
were found to have SNHL (thresholds >20 dB). The 
ability to offer antiviral treatment to infected infants 
and the opportunity to identify hearing-impaired 
infants as early as possible (Viccaro et al., 2012) 
make CMV screening reasonable. 

Both saliva and urine can be used for neonatal 
CMV screening via viral culture or PCR-based as-
says. Since urine collection is technically difficult 
in infants and saliva samples are as useful as urine 
for identification of CMV-DNA (Yamamoto et 
al., 2006), the most practical approach to CMV 
newborn screening is to use saliva in real-time 
polymerase chain reaction RT-PCR (Boppana et al., 
2011; Yamamoto et al., 2011). The positive infants 
could be then closely monitored and evaluated for 
developmental disorders and hearing status at birth 
and later. 

This study aimed to estimate the cCMV inci-
dence in randomly selected clinically healthy new-
borns in Varna, Bulgaria, by implementing a simple, 
reproducible, and accessible method for screening 
from non-invasive clinical material such as saliva.
Case Presentation
Materials and Methods

From August 2017 to April 2018, we exam-
ined 63 clinically healthy infants in a single sali-
va sample. Infants were born at three hospitals in 

Table 1. Characteristics of the tested infants, n=63
Median Range

Age
Born at gestation week
Birth weight

2.6 days (SD ± 2.83)
38.4 g.w. (SD ± 2.55)
3041 g (SD ± 714)

1-16 days
28-40 g.w.
1100-4100 g

n %

Gender (Male/Female)
Born from a single/twin pregnancy

35/28
57/6

55.6/44.4%
90.5%/9.5%
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infants found a similar percentage – 1.11% (1+/90) 
of anti-CMV IgM positivity – a child who subse-
quently developed protracted jaundice for 2 months 
after birth (Ivanova et al., 1996).

Regarding the question of the most appropri-
ate clinical screening material, saliva is considered 
even more indicative of quantitative detection of 
CMV and gives a much higher viral load than that 
found in plasma. This was demonstrated by the re-
sults of twice tested from us as a positive control in-
fant with cCMV symptomatic infection. In a large-
scale study, both saliva and urine samples were 
obtained from 1923 infants. Of these, 28 (1.45%) 
were CMV-infected. There was 99.7% agreement 
between the results in both samples (Yamamoto et 
al., 2006).

The issue of the most appropriate method for 
proving cCMV infection is quite controversial. Vi-
ral culture from urine or saliva is considered a gold 
standard. A multicenter study reported that the pro-
portion of congenitally infected newborns found in 
RT-PCR was 8.2% (28+/340) and by viral isolation 
was 7.4% (25+/340). The authors seek an explana-
tion for those data that are contradictory to the main 
belief, in the longer time for transportation for part 
of the samples. Taking the culture study as a starting 
point, RT-PCR has a sensitivity of 100%, whereas 
the culture sensitivity is estimated at 89.3% (De 
Vries et al., 2012). The authors consider this to be 
sufficient justification to prefer RT-PCR as a meth-
od of choice in that specific search.

In another study, the results of rapid culture 
and PCR analysis of urine and saliva specimens 
from 80 children were compared to determine the 
clinical utility of the RT-PCR assay for the diagno-
sis of cCMV infection. Results of urine PCR were 
positive in 98.8% of specimens. Three PCR-posi-
tive urine samples were culture-negative. Results 
of saliva PCR and culture were concordant in 78 
specimens (97.5%). Two PCR-positive saliva sam-
ples were culture-negative. Due to these findings, 
the authors conclude that PCR performs as well as 
the rapid culture of urine or saliva specimens for di-
agnosing cCMV infection. In addition, saliva speci-
mens are easier to collect. Because PCR also offers 
a more rapid turnaround, is unlikely to be affected 
by storage and transport conditions, has lower cost, 
and may be adapted to high-throughput situations, 
it is well suited for targeted testing and large-scale 
screening for CMV (Ross et al., 2014). 

We have implemented a simple, reproduci-
ble, and accessible method for screening congenital 
CMV infection from non-invasive clinical materi-

child with clinically manifested cCMV infection, as 
a positive control. Its viral load in saliva was 3 725 
965 IU/ml (lg 6.57). For comparison, the viral load 
of the same child in plasma was nearly 82 times low-
er (45 722 IU/ml, lg 4.66). At a later stage, when 
the child was five months old, we were able to in-
vestigate him again. The model for higher viral load 
in saliva compared to plasma was repeated. At five 
months of age, the viral load in saliva was 201 518 
IU/ml (lg 5.3), and the plasma viral load was many 
times lower (197 IU/ml, lg 2.2).
Discussion

CMV infection is a huge health problem 
worldwide because it is the most common congen-
ital infection and nonhereditary cause of deafness 
and neurodevelopmental delay in newborn children 
(Demmler-Harrison, 2009). Currently, there is no 
compulsory prenatal screening of pregnant women 
in any country in Europe, as well as postnatal CMV 
screening of all children born. Congenital cytomeg-
alovirus infection is more common than several 
other diseases included in the compulsory screen-
ing of infants in many European Union countries 
(De Vries et al., 2011). In the USA, CMV screening 
is bound by the National Hearing Screening Pro-
gram, which is a good option and could be applied 
in other countries (Korver et al., 2010). 

In our study, we found one positive child of 63 
asymptomatic children tested (1.58%, 95% Wilson 
CI: 0.28 to 8.46). In a long-term (1977-1985) study 
in Sweden, the percentage of asymptomatic infected 
children with viral isolation from urine was found 
0.5%, in a study of 16 474 newborns (76+/16 474) 
(Ahlfors et al., 1999). The same incidence of 0.5% 
was also found in the testing of 34 989 newborns in 
the UK (177+/34 989), in liquid or dried saliva mate-
rial, using PCR (Boppana et al., 2011). The authors 
conclude that RT-PCR applied in liquid or dried 
saliva material (taken with a sterile cotton swab and 
subsequently dissolved in 300 μl PCR-grade water) 
shows high sensitivity and specificity for detecting 
CMV and can be considered as a potential screening 
method for CMV infection in newborns. Another 
study, conducted with viral culture from urine, of 
newborn children up to 14 days of age, compared 
the incidence of congenital CMV infection in Cairo 
and London. The study found two children with 
a positive outcome of 178 tested in the Egyptian 
population (1.28%) against no positive child of 176 
tested in the English population (0%) (Abdel Hamid 
et al., 2011).

A previous serological study in Bulgaria from 
umbilical cord blood samples of 90 asymptomatic 
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al. The small sample size and the short timeframe 
of our study are significant limitations and proba-
bly did not allow us to find the actual incidence of 
asymptomatic CMV-infected children. To establish 
statistical reliability in the results of such screening, 
it is necessary to test a large number of samples, 
which depends on much more funds.
Conclusions

As far as we know we applied for the very 
first time in Bulgaria, PCR for CMV detection 
from saliva to investigate cCMV infection in 63 
asymptomatic newborns and we have found its deal 
as 1.58%. We demonstrated the reliability of this 
method and in this type of sample by applying it 
to a symptomatic congenitally infected child twice. 
We found a pattern of significantly higher viral load 
in saliva compared with plasma.
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