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Abstract

Introduction and objective. Congenital cytomegalovirus (cCMV) infections are common worldwide. CCMV infected
newborns are mostly asymptomatic at birth. However, cCMV remains the major infectious cause of congenital abnormalities
in the developing foetus and newborns. The aim of the study was to provide recent data on cCMV in Poland. 
Materials and method. A retrospective, population-based study was conducted using data from hospital discharge records
of patients hospitalized from 2009–2018. CCMV incidence rates were estimated on the basis of data taken from a Polish
hospital morbidity study, carried out by the National Institute of Public Health. 
Results. The study group consisted of 1,916 hospitalized patients with the first-time diagnosis of cCMV. Among them,
52% were patients up to 30 days of age. The median age was 28 days. The average annual incidence of cCMV was 48 per
100,000 live births (95% CI 23.5–73.4). A significantly higher cCMV incidence rate was observed in patients from more urban
than rural regions of Poland (55 per 100,000 vs 39 per 100,000; P<0.001). In the study period, 9 hospital deaths (0.5 % of all
patients) were reported. The coexistence of nervous system diseases was observed in 26% of cases and hearing loss in 6%
of cases.
Conclusions. The significantly more cCMV cases were observed in patients from more urban than rural regions of Poland
may suggest the presence of territorial factors related to the cCMV incidence in Poland. The relatively high percentage
of newborns with hearing loss or neurologic diseases may require activities aimed at reducing the cCMV incidence. The
epidemiological data presented may be useful for comparisons with other geographical regions.
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INTRODUCTION
Congenital cytomegalovirus (cCMV) infections are
common worldwide. In developed countries, congenital
cytomegalovirus is the most common infectious cause
of malformations in newborns [1]. About 10% of infected
newborns are symptomatic at birth, and nearly half of them
are exposed to long-term sequelae. Hearing loss is claimed
to be the most common long-term sequela [2, 3]. What is
more, infections caused by the human cytomegalovirus are
one of the most common viral infections that are acquired
by the human foetus and they may lead to central nervous
system damage [4]. It was reported that the rate of materno
foetal transmission is linearly correlated to the gestational
age at infection [5]. Children of mothers with non-primary
infections tend to be more symptomatic at birth than those
of mothers with primary infections [6].
It can be observed in Europe that the first-time occurrence
of CMV takes place in some women during pregnancy and
that certain women are re-infected with a different virus
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strain. The incidence of transplacental transmission is
estimated at 30% in cases related to primary infections and
2% in cases related to non-primary infections. The prospective
risk of infection in seronegative pregnant women has been
observed to be four times higher than the risk to which
immune women are exposed [7]. Children of women who
were seronegative during their first pregnancy and become
pregnant again within the next two years are at the highest
risk of developing cCMV-related sequelae [8]. A paper from
the USA indicated that cCMV caused more developmental
delays and long-term sequelae than Down syndrome (trisomy
21), neural tube defects, or oetal alcohol syndrome combined
[9]. A systematic review showed that the cCMV prevalence
in developed countries was at the level of 0.58% (95% CI:
0.41–0.79) [10]. In a five-year study conducted in the USA in
a group of infants <1 year of age, the annual average of 747
cCMV-related hospitalizations was estimated (18.6/100,000
per year), 408 of which (55%) occurred in infants <1 month
of age (122.0/100,000 per year) [11]. In a selected population
of American Indian and Alaska Native infants during 2000–
2017, 54 (1.5/10,000) of 354,923 cases had a congenital CMVcoded diagnosis [12]. The cCMV incidence rates were likely
to be higher in low- and middle-income countries [2, 13]. In
a prospective study from Indonesia conducted at a national
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referral hospital in 2016–2017, cCMV infection was diagnosed
in 411 newborns, which constituted 5.8% of the neonates
subjected to the study [14]. In China, the overall prevalence
of newborns diagnosed with the cCMV was reported to be
0.7% (95% CI: 0.5%-0.9%) [15]. A retrospective study from
central Germany showed the prevalence of clinically relevant
cCMV infections at the level 0.008–0.04%. In addition, the
risk of all cCMV infections was reported as underestimated
by the authors, The true prevalence of clinically relevant
and subclinical cCMV infections was reported to be >0.04%
[16]. A study from two European countries that focused on
CMV screening in newborns in 1977–1986 estimated the
incidence of congenital infections in infants at the level of
4.6 cases per 1,000 births in Malmö, and 3.2 cases per 1,000
births in London [17]. Information on cCMV in Poland is
limited or based on case reports [18, 19, 20, 21, 22]. Due to its
clinical and public health importance, recent data on cCMV
epidemiology in Poland should be investigated.
OBJECTIVE
The aim of the study was to provide recent data on cCMV
based on hospitalization data from national registers in
Poland.

RESULTS
During the study period, 2,746 hospitalization records of
1,916 patients were included in the study. The study group
consisted of the 1,916 hospitalized patients (53 % male and
47 % female patients) with the first-time diagnosis of cCMV.
Among them, 52 % were patients up to 30 days of age. The
median age was 28 days. Based on first-time hospitalizations,
the average annual incidence of cCMV was 48 per 100,000
live births (95% CI 23.5–73.4). A significantly higher cCMV
incidence rate was observed in patients from more urban
than rural regions of Poland (55 per 100,000 live births vs
39 per 100,000 live births, P<0.001). The number of first-time
hospitalized cCMV cases per year are presented in Figure 1.
The age in days distribution of first-time hospitalized cCMV
cases is presented in Figure 2. The incidence rate of cCMV
hospitalizations in Poland fluctuated during the period 2009–
2018 (Fig. 1). Based on all hospitalizations, 9 deaths (0.5 % of
all patients) were reported in the study period. Based on data
from all hospitalizations, the coexistence of nervous system
diseases (ICD10: G00-G99) was observed in 26% of patients,
and hearing loss in 6% of patients (ICD10: H90-H91). The
coexistence of hearing loss and/or neurologic diseases in the
current study were 29%.

MATERIALS AND METHOD
In a retrospective, population-based study, the hospital
discharge records of patients with cCMV diagnosis were
analyzed. Data were obtained from the National Institute of
Public Health in Poland and covered the period 2009–2018.
All hospitals in Poland, with the exception of psychiatric
facilities, are legally required to send discharge data to the
Institute. The data are anonymous and include information
on hospitalizations with ICD10-code diagnoses, dates of
admission and discharge, date of birth, gender, and place
of residence. In addition, demographic data for the general
Polish population were obtained from Statistics Poland [23].
The criteria for dividing the study group into inhabitants of
rural or urban areas were adopted in accordance with the
methodology used by the National Institute of Public Health/
National Institute of Hygiene in Warsaw. These criteria relate
to the assignment of patients based on TERYT residence
codes.
Symptomatic cCMV patients often require hospitalization,
and therefore analysis of hospitalization cases may provide
a good estimate of the incidence. The study assumes that
the diagnosis of cCMV was based on the most current,
widely used criteria. The retrospective study was performed
of all patients who were hospitalized from 2009–2018. To
perform statistical analyses, Statistica [24] and WINPEPI [25]
were used. Means, medians, ranges for continuous variables
and counts, and percentages for categorical variables were
computed. Rates of cCMV-related hospitalizations were
calculated as the estimated number of hospitalizations per
100,000 infants <1 year of age, using data from Statistics
Poland [23] as the denominator. A two-sided P value less than
0.05 was considered to be statistically significant.
Formal consent of the Bioethical Commission for this type
of study was not required.

Figure 1. First-time hospitalizations of cCMV cases by year, 2009–2018

Figure 2. Age distribution of cCMV cases first-time hospitalized, 2009–2018
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DISCUSSION
Since CMV is one of the most frequent congenital infection
worldwide, it is important to obtain epidemiological data
on the cCMV infection as precisely as possible. Based only
on the national registers of hospital morbidity, the average
annual incidence of cCMV was 48 per 100,000 births in
Poland. The prevalence of clinically relevant cCMV infection
was between 0.008 and 0.04% in the study from Germany.
[16] and 18.6 per 100,000 per year among infants <1 year of
age in a study based on cCMV-related hospitalizations in
the USA [11]; however, as reported in the other study [17],
the cCMV symptoms were mostly mild. Some cases of the
disease in Poland can be asymptomatic or mild and do not
require hospitalization. Currently, no routine diagnostics of
pregnant women for CMV infection is conducted in Poland
[26]. Some cases of the disease may remain undiagnosed.
In the current study, approximately 52% of cCMV cases
were observed among neonates up to 30 days of age. By
comparison, data obtained from the Australian Paediatric
Surveillance Unit reported that cCMV was suspected in
70.6% of patients aged under 30 days who were born between
January 1999 – December 2016 [27].
The low percentage of cCMV diagnoses in this study
during the first month of infants’ life may also be related to
the fact that cCMV tests are not routinely carried out and
are probably performed only in patients with the disease
symptoms. It has also been reported that the percentage of
infected children with CMV-specific symptoms at birth was
only 12.7% [28]. The clinical symptoms that appeared later
could have been the basis for the diagnosis of cCMV. It has
also been reported that at birth or in the first 2–3 weeks of life,
it is essential to use appropriate tests for cCMV diagnosis, but
after 2–3 weeks of life, the diagnosis of congenital infection
could only be suspected on clinical grounds [29]. Moreover,
in a cross-sectional study from Poland, based on data from
existing serum bank from women aged 15–49, the estimated
rate of cCMV varies from 22.4–37.2 per 1,000 live births,
depending on the assumptions made [18]. As presented
in Figure 1, a large variability in incidence was observed
over the study period. The age in days distribution of firsttime hospitalized cCMV cases is presented in Figure 2. The
incidence rate of cCMV hospitalizations in Poland fluctuated
over the period 2009–2018 (Fig. 1). Variability in the number
of hospitalizations each year may result from both healthcare
organization and the fact that cCMV is a rare disease in
Poland. One study reported that epidemiological trends in
congenital toxoplasmosis and CMV were extremely divergent.
While there were only 39 cases of congenital toxoplasmosis
in Switzerland between 1982–2015, there was an equivalent
number of cases of cCMV – 38 in total in 2017 alone [30].
In an Australian study, hospital admissions for congenital
CMV fluctuated between 1993–2001, especially for infants
less than 1 month old [31]. The differences in the number
of hospitalizations of newborns with CMV infections in
2009–2018 may be related to the lack of obligatory screening
tests for cCMV in newborns in Poland. This problem may
require separate analyzes.
The current study reports the predominance of male
neonate; Statistics Poland similarly reported a slight
predominance of male newborns (51%) in relation to female
newborns (49 %) in Poland [23]. A study from the USA
likewise reported that male infants with cCMV are more

predominant [11]. In a recent study from Japan, the number of
male patients was reported to be 18 out of 32 cCMV cases [32].
CCMV infection may result in damage to the developing
central nervous system and may be an important cause of
hearing loss. In the study group, the coexistence of nervous
system diseases was observed in 26% and the hearing loss
in 6% of patients. The proportion of hearing loss and/
or neurologic diseases was 29% in this study. In another
study which showed that hearing loss was by far the most
frequent long-term sequela in congenitall-infected infant,
and occurred in 8–15% of infected infants [33]. A study
conducted in France which covered data on mothers and
their children aged ≥1 year and diagnosed with the primary
cCMV infection reported the proportion of sensorineural
hearing loss and/or neurologic sequelae at the level of 32.4%
[34]. In a systematic review, it was reported that 12.6% of
newborns with cCMV experienced hearing loss – 1 out of 3
symptomatic children and 1 out of 10 asymptomatic children
[10]. Other study data from two Sydney tertiary paediatric
infectious diseases clinics in Australia reported that 18 (43%)
and 17 (40%) out of 42 infants with cCMV suffered from
hearing loss and neurodevelopmental sequelae [35]. On the
other hand, in Australia, human CMV was reported to be a
cause of congenital malformations, affecting ~0.3% of live
births [36].
In the presented study it was found that there were
significantly more patients living in more urban than rural
regions of Poland. There may exist a relationship between
the cCMV incidence and the place of residence or the socioeconomic status or other individual factors related to the
newborn’s mother. One study showed a correlation between
cCMV occurrence and the place of birth in the south and
west of America [37]. Other studies reported that CMV
seroprevalence correlated with race and socioeconomic status
[38]. In The Netherlands, prevalence was significantly higher
among non-Western individuals (76.7%) than the native
inhabitants and those living in the west of the country (41.5%)
[39]. Data from the Pregnancy and Birth Cohort Study (2010–
2013) conducted in Québec, Canada, showed that previous
CMV infection was associated with lower education, lower
income, and being born outside Canada or the United States
[40]. In a study from the United States, CMV seropositivity
was independently associated with low household income
and low household education [41]. It was also reported that
CMV infection is widespread in different age groups, and
about 40–60% of adults are infected, and among people with
a low socio-economic status, even above 80% [26].
In the current study, only 9 deaths (0.5 % of all patients)
were reported in the study period. In the USA, over the 17year study period from 1990–2006, 777 deaths associated
with cCMV were reported, 77.7% (557 cases) of which were
identified in infants aged <1 year [3]. In another study from
the USA, approximately 4% of hospitalizations among infants
<1 year of age resulted in death [11]. In a study from Australia,
based on national mortality data sets between 1999-d 2011,
childhood deaths associated with CMV occurred in 57
children under 12 months of age, with 22 cases <1 month
of age [42].
To the best of the authors’ knowledge, the current study
presents for the first time selected aspects of cCMVbased
on the national hospital morbidity registry, and presents
recent data on the epidemiology of cCMV. The results may
be helpful in comparative analyzes in the European context,
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and in taking actions aimed at improving the health of
the Polish urban and rural population. Additionally, it
is worth mentioning that in 1996–1998 the Institute of
Physiology and Pathology of Hearing participated in
the European programme ‘European Concerted Action
AHEAD’(Advancement of Hearing Assessment methods
and Devices). The consensus on universal newborn
hearing screening in Europe was signed in Italy in 1998,
the signatory for Poland was Prof. Henryk Skarżyński. In
January 2001, the Great Orchestra of the Christmas Charity
Foundation collected funds for the implementation of a
universal newborn hearing screening in Poland. The funds
have been used to purchase the necessary equipment and
accessories, and to train personnel in over 400 neonatology
cenres. Thus, during the 10 years of the programme, more
than 3,000,000 children have been screened, with the
percentage of newborns in whom a congenital hearing loss
was detected being 1.2‰ [43]. It therefore seems justified to
implement in the future a programme for the early detection
of CMV infection in newborns and pregnant women, and for
detecting newborns at increased risk of hearing impairment
or other organ complications. Such a mandatory screening
test may significantly contribute to the improvement of the
health of the Polish rural and urban populations.
The presented study has several limitations. Although
the database used provided general information about
hospitalization cases of cCMV, thereby allowing the
authors to present an epidemiological report, it did not
allow them to examine risk factors and other correlates of
the disease in individual patients. Using hospital discharge
data limited estimation of the numbers of symptomatic
cCMV-related hospitalizations for which cCMV infection
was diagnosed and coded. Furthermore, the coding practices
for cCMV-related hospitalizations were not assesse, and
thus symptomatic cCMV-related hospitalizations may have
been missed if coded using the CMV infection ICD10 code,
which does not specify congenital infection. This inaccuracy
may result in an underestimation of the count of incident
cases. However, the large amount of data obtained from the
national register of hospital morbidity for the purpose of
this study may minimize the underestimation. The study
did not analyze the association of cCMV with the presence
of comorbidities, such as deafness or neurological diseases.
Only hospital mortality was analyzed in the study, which
may be lower than the overall mortality among patients
with cCMV.
CONCLUSIONS
The study reported recent data on cCMV based on
hospitalization data from national registers in Poland. The
incidence rate of cCMV first-time hospitalizations in Poland
fluctuated over the study period, with significantly more
cCMV cases e observed in patients from more urban than
rural regions of Poland. These observations may suggest
the presence of territorial or other factors related to the
cCMV incidence in Poland. The relatively high percentage
of newborns with hearing loss or neurologic diseases may
require activities aimed at reducing the cCMV incidence.
The epidemiological data presented may be useful for
comparisons with other geographical regions.
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