
www.landesbioscience.com Human Vaccines 523

Human Vaccines 7:5, 523-533; May 2011; © 2011 Landes Bioscience

 ReseaRcH papeR ReseaRcH papeR

*Correspondence to: Isla Ogilvie; Email: isla_ogilvie@biomedcom.org
Submitted: 09/09/10; Revised: 01/03/11; Accepted: 01/09/11
DOI: 10.4161/hv.7.5.14819

Introduction

Rotavirus is the leading cause of severe dehydrating diarrhea in 
children under five years of age worldwide.1 While there are seven 
sero-groups of rotavirus (groups A-G), only three groups (groups 
A-C) affect humans. Group A rotaviral infections are the most 
common, causing diarrheal disease worldwide.2 Group A rota-
viruses are further classified into G and P-types, determined by 
the two outer layer viral proteins, VP7 and VP4, respectively. 
Protection from rotaviral infection and disease is believed to be 
type specific as VP7 and VP4 proteins elicit neutralizing anti-
body responses.3 Since rotaviruses are ubiquitous in the animal 
kingdom; interspecies transmission and the exchange of genetic 
material between animal and human strains through re-assort-
ment can lead to the emergence of novel rotavirus strains of epi-
demiological significance.3 Globally, viruses carrying either G1, 
G3, G4, G9, in association with P[8], and G2 in association 
with P[4], are the most common causes of rotavirus disease in 
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humans. G12 is also recognized as an emergent serotype, that 
may become important in human disease.4 The surveillance 
methods employed to identify serotypes can vary from country 
to country, which can have an impact on the detection of emerg-
ing serotypes. Hence, the development of surveillance networks 
such as the EuroRotaNet, which now covers many Central and 
eastern European countries, is an important improvement in the 
reporting of rotaviral serotypes.5

Rotavirus infections rates vary seasonally with the majority 
of cases in temperate climates occurring in the winter months 
between November and February.2,6 In tropical and developing 
countries this seasonality is less marked, and infections occur 
year-round.7 The incidence of infection with particular rotavirus 
genotypes varies between geographical areas during a rotavirus 
season and from one season to the next.8

Transmitted by the fecal-oral route, rotavirus infects cells 
that line the small intestine producing an enterotoxin (NSP4), 
that induces gastroenteritis.2 Symptoms include a profuse 
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The purpose of this study was to conduct a comprehensive 
review of the published literature on the burden of rotavirus 
acute gastroenteritis in the pediatric population in Central and 
eastern Europe.

Results

Studies included in this review. As shown in Figure 1, this lit-
erature search recovered 38 citations which contain relevant 
data pertaining to acute gastroenteritis associated with rotavirus 
infection. An overview of the evidence available for each country 
and the source of that evidence is presented in Table 1. Data 
was extracted on the following topics: incidence of RVGE (n = 2 
studies), proportion of RVGE among acute gastroenteritis cases  
(n = 17), seasonality (n = 9), serotype prevalence and distribution 
(n = 23), disease severity (n = 1), mortality (n = 2), healthcare 
resource utilization (n = 5) and costs (n = 1). Although, initially 
we limited our search to rotaviral infection in children under five, 
many of the studies were carried out in pediatric populations 
that included older patients (up to 16 or in one study 18 years of 
age).14-19 However, rotaviral infection has the most impact on the 
pediatric population under 5 years of age.7

Epidemiology of RVGE. Incidence of RVGE. Only two stud-
ies contained incidence data,18,20 although one of these studies 

watery diarrhea, vomiting, abdominal pain and possibly fever 
and severe cases may lead to death, mainly through acute dehy-
dration.2 Rotavirus affects 95% of all children by the age of 5 
years.7 Infection rates for rotavirus are highest in the under 5-year 
old age group and decrease progressively towards adulthood as 
immunity acquired in childhood protects most adults.7

Often, children suffering from rotavirus gastroenteritis 
(RVGE) require only outpatient care (medical consultation) 
however, in the presence of dehydration, emergency care or hos-
pitalization and intravenous hydration are necessary. Each year, 
worldwide, rotavirus causes approximately 111 million episodes 
of gastroenteritis that require only home care without GP con-
sultation, 25 million that result in clinic visits and 2 million hos-
pitalization.9 By age 5, 4 out of 5 children will have an episode 
of rotavirus gastroenteritis, and while not every rotavirus infec-
tion (including the first infection) is symptomatic, 1 in 5 will 
visit a clinic and 1 in 65 will be hospitalized.9 The World Health 
Organization (WHO) estimates that 527,000 children under the 
age of five years die of rotavirus induced disease each year,10 with 
children in the poorest countries accounting for 82% of rotavi-
rus deaths.9 Rotavirus gastroenteritis imposes a heavy economic 
burden, by incurring direct (consultation, emergency, hospital-
ization, medication) and indirect costs (parent work days lost, 
baby-sitting, additional diapers).11-13

Figure 1. Flow chart representing the selection of relevant citations.
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and Hungary (22.0%, 23.9% and 27.1%, respectively).16,32 The 
country with the highest mean proportion of RVGE was Russia 
(55.3%).19,28 The remaining countries report a percentage of rota-
viral infection of between 32% and 43%.15-17,19,21-31,33

A number of countries reported seasonality data (Table 1). 
For most countries in Central and eastern Europe the season 
for RVGE is in the winter months from November to May with 
a peak between March and May.19,22,25,26,29,32 However, a study 
from Bulgaria reported year-round circulation of rotaviruses 
in the country, which is unusual for countries with temperate 
climate. However, a peak of infection was observed between 
January until March.33

Variation in proportion of RVGE over time. Examining changes 
in rotavirus infection over time was possible for four countries, 
Albania, Bulgaria, Russia and Poland (Fig. 3).16,17,19,22-26,28,30,31,33 
Because rotaviral infection rates can vary both over time and geo-
graphically within the same country, the dates of data collection and 
the location of study were noted. Both studies from Albania were 
based in Tirana, in the center of the country;30,31 the proportion 
of rotaviral infection among cases of acute gastroenteritis remained 
relatively constant at 31.3% in 2001–2002,30 and 33.5% in 2007.31

A four-year survey of rotaviral infection from nine different 
centers around Bulgaria reported that rotaviral infection rates 

presented community incidence of rotavirus for several coun-
tries.20 The survey of rotavirus surveillance and disease burden in 
countries in the WHO’s eastern European Region by Williams 
et al. described the community incidence of rotavirus in children 
under five years old.20 Data was available for Albania, Belarus, 
Serbia, Slovakia and Slovenia.20 The community incidence of 
rotavirus was 12.3 per 1,000 children under five years of age in 
Slovenia, 4.2 per 1,000 children under six years of age in Belarus, 
0.17 per 1,000 children under five years of age in Slovakia, 
and 0.11 per 1,000 children under five years of age in Serbia.20 
Differences in surveillance programs and detection techniques 
may account for the large variations seen between countries.20

The second study from Slovakia examined the age related 
yearly incidence of rotavirus cases (both nosocomial and com-
munity acquired) requiring hospital admission in patients up to 
the age of 18 years.18 The total annual incidence was reported to 
be 2.6 per 1,000 children, with over 50% of infections affecting 
patients under 2 years of age.18

Proportion and seasonality of RVGE. The mean proportion of 
RVGE among cases of acute gastroenteritis for children under 
15 years of age ranged from 22.0% per year to 55.3% per year  
(Fig. 2).15-17,19,21-33 Among the countries with the lowest mean pro-
portions of RVGE were the Czech Republic, Bosnia/Herzegovina 

Table 1. Literature capture and data sources

Country
Epidemiology Genotype 

 combination 
data

Morbidity and 
 mortality

Disease burden

Incidence Proportion RVGE Seasonality
Disease 
severity

Mortality
Resource 

utilization
Costs

Multicountry* 20† 16‡ 35§ 47‖ 20†

albania 20† 30, 31 30, 34, 35§

Belarus 20† 20

Bosnia/Herzegovina 32 32

Bulgaria 33 33 33, 35§ 47‖

croatia 35§

czech Republic 16‡ 35§, 36 47‖ 16‡

Hungary 15, 16‡, 21
55, 21,14, 37–41,  

56
47‖ 15, 16‡

Moldova 47‖

poland 16‡, 17, 22–26 22, 17, 25, 26 26 47‖ 16‡, 26 26

Romania 16‡, 27 47‖ 16‡, 20†

Russia 19, 28 19 19, 42 47‖

slovakia 18, 20† 57 47‖ 18, 20†

slovenia 20† 16‡ 5, 35§, 43, 44, 
45, 46

20, 47‖ 16‡, 20†

slovenia and Hungary 5

Ukraine, Georgia and 
Tajikistan

29 29 29

Ukraine 47‖

study numbers given in this table correspond to the reference list for this publication. *Where data was available for individual countries within a 
multicountry study, it has been extracted. Therefore, the relevant reference has been added to individual countries above. †Twenty-three countries 
in the eastern part of the WHO european region. ‡Forty-nine countries in the WHO european region. §czech Republic, slovenia, croatia, albania and 
Bulgaria. ‖World Health Organization, all countries.
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for five countries (Bulgaria,33 Hungary,38 Russia,42 Slovenia5 
and Ukraine29 [along with Georgia and Tajikistan]). Data from 
Podkolzin et al. 2009 conducted in Russia was not used because 
the study only examined a limited number of genotypes (G1–4, 
P[4] and P[8]) by polymerase chain reaction.19 Data from the 
study by Novikova, where the genotype data were more compre-
hensive, were used instead.42

Three genotype combinations were present in all seven coun-
tries for which complete genotyping data were available from 
2005/06 (G1P[8], G4P[8] and G2P[4]) (Fig. 4). In 2005/06, 
genotype combination G1P[8] was the most common in three 
countries, including Croatia35 (21.8%) the Czech Republic35 
(35.1%) and Slovenia33,35 (two studies reporting 66.7% and 
46.3%). Levels of G1P[8] were the lowest in Albania35 (8.9%) 
and Bulgaria33,35 (two studies reporting 7.1% and 9.1%). G4P[8] 
was the most common genotype combination reported in Albania 
(32.30% of genotyped samples) and Russia42 (47%), and in one 
of the studies from Bulgaria (37.1%).35 In the second study from 
Bulgaria G4P[8] only represented 4% of samples serotyped.33 
While one study reported data from the genotyping of 912 
fecal samples from nine hospitals throughout the country,33 the 
other reported data from 71 samples genotyped by the National 
Enterovirus Laboratory, in Sofia. The distribution of sampling 
was not reported for these 71 samples. G2P[4], was also present in 
all seven countries in 2005/06, ranged in prevalence from 0.6% 
in a study from Bulgaria, to 19.2% in Croatia. G9P[8] was pres-
ent in all countries except Russia.42 This genotype combination 

fell from 43.1% in 2005–2006 to 27.5% in 2007–2008.33 
In Russia, the proportion of rotavirus infections among gas-
troenteritis cases appeared to have declined from 67.0% in 
2003–2004 to 43.6% 2005–2007.19,28 However, the first study 
covering 2005–2007 collected data from eight Russian cities—
six in eastern Russia and two in western Russia—while the sec-
ond, from 2003–2004, originated from a single city in western 
Russia. In Poland, rates declined sharply from a peak in 1996 
of 74.2% to around 30% of gastroenteritis cases between 2002 
and 2007.16,17,22-26 Most of the studies in Poland collected data 
from the eastern Central part of the country and covered data 
from 1998–2007.17,22-24 Earlier studies collected data from three 
West Coast cities in 1997,25 and from three major cities in dif-
ferent regions of Poland from 1994 to 1995.26

Rotavirus genotype combinations. In all, 23 studies from 10 
countries contained some genotyping data, however, complete 
genotyping (G/P) data were only available in 18 studies from 
eight countries (Albania,30,34,35 Bulgaria,33,35 Croatia,35 Czech 
Republic,35,36 Hungary,37-41 Russia,19,42 Slovenia,5,35,43-46 and the 
Ukraine29 [along with Georgia and Tajikistan]).

Distribution of genotype combinations. The geographical distri-
bution of genotype combinations throughout Central and east-
ern Europe was examined by capturing data from the years for 
which genotyping data was available for many countries. Thus 
data from 2005/06 is presented for seven countries (Albania,35 
Bulgaria,33,35 Croatia,35 the Czech Republic,35 Hungary,37 
Russia42 and Slovenia5,35) and data from 2007/08 is presented 

Figure 2. Mean overall percentage of rotavirus infections among reported acute gastroenteritis cases by country.
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“Other” category in Figure 4. Mixed genotypes were detected 
in most countries in 2005/06 and in two countries in 2007/08. 
When reported, the proportion of mixed genotypes reported 
ranged from 0.5% to 12.7% of the total rotavirus positive sam-
ples in 2005/06 and from 1.2% to 10.2% in 2007/08. Non-
typable and partially typed genotypes accounted for 0.6% to 
13.7% of all genotypes in both time periods, in studies where 
these were reported.

Evolution of genotype combinations over time. Information 
concerning genotype distribution over time for samples with 
G and P data available from children was studied for five coun-
tries, Albania,30,34,35 Bulgaria,33,35 Hungary,37-39 Russia19,42 and 
Slovenia.5,35,43

In Albania, changes in genotypes over time were reported in 
three studies, which were all set in the same city.30,34,35 Levels 
of the dominant genotype combination G9P[8] rose from 44% 
in 2000–2001 to 72.1% in 2001 to 2002 before falling to only 
3.2% in 2005–2006. During the same time period, G3P[8] 
declined from 33% of the total in 2000–2001 to 0% in 2001–
2002, while G4P[8] rose from 8.8% in 2001–2002 to 32.3% in 
2005–2006.30,34,35

In Bulgaria, changes in genotypes over time were reported in 
two studies, both studies covered the whole country.33,35 G4P[8] 
was the dominant genotype in 2004–2005 before levels decreased 
to less than 5% after 2006.33,35 G9P[8] peaked in 2005–2006 at 
between 34.3% and 77.7%—depending on the study—before 
declining to 12.8% in 2007–2008.33,35 G9P[8] was largely 
replaced by G1P[8] (39.5% in 2006–2007) and G2P[4] (41.6% 
in 2006–2007 and 25.8% in 2007–2008).33,35

was the most prevalent in one study from Bulgaria33 (77.7%) and 
in Hungary37 (64.5%) (Fig. 4).

In 2007/08, (G1P[8], G4P[8] and G2P[4]) were also present 
in all five countries for which data was available (Fig. 4). G1P[8] 
was the most prevalent in four of those countries (Bulgaria 
[39.5%],33 Russia [47%],42 Slovenia [75.4%],5 and Ukraine 
[32%]).29 In Hungary,38 G4P[8] was the most prevalent (31.5%) 
and also reached high prevalence in Russia (45%).42 G2P[4] was 
prevalent at between 4% (in Russia),42 and 25.8% (in Bulgaria).33 
G9P[8] was present in all countries except Russia at between 
9.0% and 20% of genotyped samples.

G2P[8] was present in six countries (Albania, Bulgaria, 
Croatia, the Czech Republic, Hungary and Slovenia) in 2005/06 
and in two countries (Bulgaria and Hungary) in 2007/08. In all 
cases prevalence was below 6% (Fig. 4 and Table 2). Uncommon 
genotype combinations (G3P[8], G1P[4], G4P[4], G9P[4], 
G12P[8], G8P[8], G6P[9], G9P[3], G3P[4], G8P[4] G10P[8], 
G10P[9] and G10[P6]) were also detected in the Central and 
eastern European region in 2005/06, each of these serotypes was 
present in 5 countries or fewer and accounted for 14% or less of 
the total serotypes. In 2007/08, many of the same genotypes were 
present (G3P[8], G1P[4], G4P[4], G9P[4], G12P[8], G8P[8], 
G6P[9] and G9P[3]), but only in two countries or fewer and at 
a prevalence of less than 5%. In addition, in 2007/08 G3P[9] 
G4P[6], G9P[6] and G9P[9] were found in one country each at 
a prevalence of less than 1% No uncommon genotype combina-
tions were detected in Ukraine (Table 2).

The proportion of uncommon genotype, mixed genotypes 
and non- or partially-typable genotypes were pooled in the 

Figure 3. changes in the percentage of rotaviral infections among reported acute gastroenteritis cases over time.
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Figure 4. Distribution of rotavirus genotype combinations in the central and eastern europe by country from 2005/06 and 2007/08.
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the emergence of G12 strains in Hungary. G12 strains represented 
6.9% of all typable strains collected among children hospitalized 
with rotavirus gastroenteritis in 2005.40 A second Hungarian study 
reported the emergence of G9P[6] in an Hungarian sentinel hos-
pital in 2007. Apparently imported from India, this was the first 
report of this genotype in the region.41

A prospective survey based in a university medical center in 
Slovenia reported the emergence of the G9P[8] genotype in the 
winter of 2001–2002.44 Prevalence of this genotype reached 28% 
in patients hospitalized for a severe rotavirus outbreak in that sea-
son.44 A later study from the same university hospital described 
the first detection of a Group C rotavirus in Slovenia in three 
pediatric cases.45 While the vast majority of rotaviral infections 
are due to Group A, Group C rotaviruses are associated with spo-
radic gastroenteritis and outbreaks of diarrhea in children and 
adults worldwide.45 Finally, a rotavirus surveillance study under-
taken in Slovenia from December 2005 to March 2006 detected 
G8P[8] and G12P[8] rotaviruses.46 This was the first report of 
G12 rotavirus and the first report of G8 in combination with 
P[8] in Slovenia.46

Morbidity and mortality due to rotavirus acute gastroenteri-
tis. Disease severity. Only one retrospective hospital-based study 
from Poland reported disease severity measures.26 In this study, 
61.6% of cases younger than five years had severe rotavirus dis-
ease, with a mean score of 14.97 on the Vesikari scale (p < 0.001 
versus non-RVGE). No studies were available from the other 
Central and eastern European studies.

Mortality. Two studies were available that reported rotavirus 
mortality in Central and eastern Europe.20,47 A regional sur-
vey carried out in 2006 among 23 national public health bod-
ies reported mortality data from Belarus, Croatia, Serbia and 
Montenegro and Slovenia.20 Belarus, Croatia, Serbia, Montenegro 
and Slovenia reported zero mortality due to RVGE in children 
under five years, while Slovakia reported a case fatality rate of 0.5 
per 1,000 cases of AGE (from 1954 to 2005) in children under five 
years.20 Additionally, the WHO report, from 2004, estimated the 

In Hungary, G1P[8] was reported to have declined over time 
from a high of 66% in 2001 to 2002, to a low of 9.5% in 2005–
2006 in two studies set in the Central Hospital for Infectious 
diseases in Budapest.37,39 A study from different regions of 
Hungary reported that G1P[8] rebounded slightly to 28.3% in 
2007.38 The G1P[8] genotype combination was largely replaced 
by G9P[8] which increased from 11% in 2001 to 2002 to 47% 
of typed samples in 2002–2003, 33% in 2004–2005 and to a 
high of 65% in 2005–2006. In 2003–2004, G9P[8] levels were 
lower at 20%, while the most common genotype combination 
was G4P[8] (46%).37,39 By 2007, G9P[8] declined to 10% and 
the most common genotype combinations were G4P[8] (31%), 
G1P[8] as already stated and G2P[4] (19%).38

A Russian study collected data from 1997–2005, from Nizhni 
Novgorod and Dzerzhinsk. Over the entire study period, the 
dominant genotype was G1P[8] at 77%, whilst in 2004–2005 
levels of G1P[8] were at 25% and levels of G2P[4] and G3P[8] 
had increased to 37% and 22%, respectively.42

In Slovenia, three studies provided data from 2004 to 2008.5,35,43 
Two of the studies involved centers throughout the country,5,35 
while the third included the two major hospitals in the country 
in Ljubljana and Maribor.43 G1P[8] remained the most common 
genotype combination throughout the period covered by these 
studies. The maximum reported level was 75% in 2007–2008 and 
ranged from 46% to 60% over the previous three years. The levels 
of other genotype combinations (G4P[8], G9P[8] and G2P[4]) 
largely remained under 20% and fluctuated from year to year.

Emerging rotavirus genotypes in Central and Eastern Europe. 
This literature search captured five studies from three countries 
(Albania, Hungary and Slovenia) that examined emergent rotavi-
rus genotype combinations in those countries.34,40,41,44-46 During an 
outbreak of rotavirus gastroenteritis which occurred in the winter 
of 2000, Villena et al. 2003 reported the emergence of multiple 
rotavirus genotypes. The most common emergent genotype in 
the outbreak was G9P[8], but G2P[6], G2P[8] and G1P[6] were 
also detected.34 A study based at a Budapest Hospital described 

Table 2. Uncommon genotypes from central and eastern europe from 2005/06 and 2007/08
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pediatric population, rotaviral infection accounts for between 
22% and 55% of acute gastroenteritis cases.16,19,28 Prevalence of 
RVGE varied from country to country. In the Czech Republic 
and Bosnia/Herzegovina RVGE accounted for less than 25 per-
cent of cases of acute gastroenteritis, whilst in Russia it accounted 
for over 50 percent of cases.16,19,28 Overall, in the Central and 
eastern European region rotaviral infections were responsible 
for 38.1% of acute gastroenteritis cases, rates similar to those 
reported for western Europe and Asia.49,50

For those countries for which community incidence data were 
available from a surveillance study (Albania, Belarus, Serbia, 
Slovakia and Slovenia), the incidence of rotaviral infection ranged 
from 0.11 to 12.3 per 1,000 children under five years of age.20 
Differences in surveillance programs and detection techniques 
may account for the large variations seen between countries in 
this study.20 Rotaviral infections in most countries peaked in the 
winter months; however, a study from Bulgaria reported the year 
round circulation of rotavirus.33

Due to the lack of contemporaneous studies from different 
regions of each country geographical trends or differences in the 
proportion of RVGE among acute gastroenteritis cases are dif-
ficult to determine. However, the proportion of acute gastroen-
teritis cases due to rotaviral infection appeared to be declining in 
three out of the four countries. (In Bulgaria between 2005/6 and 
2007/8, in Russia between 2003/4 and 2005/7 and in Poland 
between 1996 and 2002/7) for which data were available.

Several studies (24 studies) included information about rota-
viral genotype distribution and predominance. The most com-
monly isolated genotype combinations in the Central and eastern 
European region were G1P[8], G4P[8] and G2P[4], according 
to the studies from 2005/06 and 2007/08. G9P[8] and was 
also commonin the region. Many other genotype combinations 
were present at levels under 14% of the total. The proportion of 
mixed genotypes reported from 2005/06 and 2007/08 ranged 
from 1.2% to 12.7% of the total rotavirus positive samples. Non-
typable and partially typed genotypes accounted for between 
0.6% and 13.7% of all genotypes where these were reported. 
Differences in the proportion of non-typable and partially typed 
samples are most likely due to differences in study design and set-
ting and laboratory practice from country to country.

Data available did not allow us to distinguish any trends in 
genotype distribution within the region. Serotype predominance 
appears to change on a season to season basis within each coun-
try and may even differ from region to region within the same 
country. The data available is not extensive enough to support a 
detectable trend in genotype distribution within any of the coun-
tries examined. Emerging rotavirus genotypes were reported for 
three countries in Central and eastern Europe. In Albania, dur-
ing an outbreak of RVGE in the winter of 2000, G9P[8] emerged 
as the dominant strain.34 G9P[8] was also detected for the first 
time in a university medical centre in Slovenia in the winter of 
2001–2002.44 In Hungary in 2007 the emergence of G9P[6] a 
strain imported from India, was reported for the first time in the 
region.41 The emergence of G12 strains in Hungary and Slovenia 
was reported in 2005.40,46 The first description of G12 rotavi-
ruses dates back to the 1990s, when two unusual human strains  

number of deaths and mortality rates in all the countries of inter-
est in this study.47 In Central and eastern Europe, rotavirus fatali-
ties ranged from <10 to 229 (Russia) per year.47 Annual mortality 
rates per 100,000 were highest in Albania (16 per 100,000). The 
mortality rate in other countries (Ukraine, Bulgaria, Russia, 
Romania, Moldova, Macedonia, Serbia and Montenegro) ranged 
from 2 to 7 per 100,000.47 For Croatia, the Czech Republic, 
Estonia, Hungary, Latvia, Lithuania and Poland there were <1 
death per 100,000 population per year.47 The average annual 
mortality rate for the region is 2 per 100,000 children under 5 
years calculated from UNICEF data.48 This excludes Moldova 
and Serbia/Montenegro where pediatric population estimates are 
not available.

Healthcare resource utilization and economic burden. 
Hospital admissions. A systematic literature review of studies pub-
lished between 1997 and 2004 estimated hospital admission rates 
for RVGE among children of various ages presenting with acute 
gastroenteritis in the WHO European region. The median per-
centage of acute gastroenteritis hospital admissions attributable to 
RVGE were available from eight Central and eastern European 
countries and ranged from 12% to 42% (Albania: 12%, Bosnia 
and Herzegovina: 24%, Czech Republic: 22%, Estonia: 26%; 
Hungary: 24%; Poland: 38.3%, Romania: 25% and Slovenia: 
42%).16 In addition, a multi-country surveillance study reported 
an annual hospital admission rate for RVGE of 2.5 per 1,000 in 
Albania, 0.13 per 1,000 in Slovakia and 2.8 per 1,000 in Slovenia.20

Intravenous rehydration. Information on the need for intravenous 
rehydration was available only from one Slovakian retrospective 
study reporting on the duration of intravenous treatment among 
children with community-acquired or nosocomial RVGE.18 This 
study, involving 40,583 children of all ages (<19 years), reported on 
average 2.11 days of intravenous treatment (of which 0.82 days in 
the intensive care unit) and a hospital stay of 4.74 days.18

Duration of hospital stay. An analysis of hospital admissions 
in Hungary assessing mean duration of hospital stay for all-
cause (rotavirus or non-rotavirus) gastroenteritis by age, reported 
shorter hospital stay among older children (6.6 days for children 
3–4 years versus 8.3 days for those <1 year old).15 A retrospec-
tive study of nosocomial rotavirus in three pediatric hospitals in 
Poland showed reduced hospital stay duration in 1996 (9.52 ± 
9.77 days) compared to the previous 2-year period (1994–1996: 
12.25 ± 13.81 days).26 Among children admitted for other causes, 
a nosocomial rotavirus infection—which accounted for 39% of 
infections in this study between 1994 and 1996 —prolonged the 
hospital stay by an additional 5.2 days per episode.26

Economic burden associated with RVGE. Only one study from 
Poland contained cost information for rotavirus infection.26 In 
Poland, the cost of hospitalization per RVGE episode was esti-
mated at 2009 US $687.78 for community-acquired rotavirus.26 
No other cost information from Central and eastern Europe was 
found.

Discussion

This analysis of the currently available literature on rotavirus 
burden in Central and eastern Europe revealed that, among the 
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Methods

Literature search strategy. To identify and retrieve articles per-
taining to the impact of rotavirus infection on the pediatric 
population under 5 years of age in Central and eastern Europe, 
an extensive literature search was conducted in the following 
databases: National Library of Medicine’s Pubmed, the Center 
for Disease Control (CDC) rotavirus global surveillance53 and 
the WHO rotavirus surveillance.13 The search, limited to human 
subjects and articles published in the last ten years, covered the 
following Central and eastern European countries: Albania, 
Belarus, Bosnia/Herzegovina, Bulgaria, Croatia, Czech Republic, 
Estonia, Hungary, Latvia, Lithuania, Macedonia, Moldova, 
Montenegro, Poland, Romania, Russia, Serbia, Slovakia, Slovenia 
and Ukraine. English language articles were primarily reviewed 
along with promising articles in other languages. Records were 
searched manually to identify the most relevant studies pertain-
ing to the object of this document. Bibliographies of retrieved 
articles were screened to identify additional sources of infor-
mation. Search terms included: rotavirus, outcome, mortality, 
death, incidence, prevalence, serotype, strain, cost, economic, 
burden and resource use.

Data extraction and analysis. For data on the proportion 
of RVGE among cases of acute gastroenteritis, an average of all 
studies and ranges across studies was calculated and presented by 
country. Variation over time in the proportion of RVGE was also 
reported as was data on infection seasonality. Data was extracted 
for the distribution of rotavirus serotypes with the proportion of 
mixed, non-typable and rare genotype combinations noted. The 
geographical distribution of genotype combinations throughout 
Central and eastern Europe was examined by capturing data from 
the years for which genotyping data was available for many coun-
tries (2005/06 and 2007/08). Data from Podkolzin et al. 2009 
was not used since the study only examined a limited range of 
genotypes (G1–4, P[4] and P[8]) by polymerase chain reaction.19

For health outcomes of RVGE, data extraction was limited 
to disease severity measures using the 20-point Vesikari scor-
ing system and the severity and proportion of patients suffering 
from dehydration due to RVGE. The Vesikari scale is based on 
the duration and intensity of diarrhea and vomiting, intensity of 
fever and dehydration and need for treatment and hospitaliza-
tion.54 A Vesikari score >11 is indicative of severe disease.54

Healthcare resource utilization data was collected and the fol-
lowing parameters were used for comparison across countries: 
hospital admission rates, need for intravenous rehydration and 
duration of hospital stay. Cost-of-illness data included direct medi-
cal costs, out-of-pocket expenditures and indirect costs attributed 
to lost productivity by parents of children suffering from rotavirus 
gastroenteritis. Costs are reported in 2009 US dollars.

Conclusion

In conclusion, data on the burden of RVGE in terms of mortal-
ity, morbidity and economic burden is limited for this region. 
However, the available data does show that RVGE is a common 

(L26, L27) from the Philippines were characterized serologi-
cally and by nucleotide sequencing as G12P[4]. Beginning in 
2002, reports of the detection and increased presence of G12 
strains have appeared in Asia (Thailand, India, Korea, Japan, 
Bangladesh, Nepal and Saudi Arabia) and the Americas (the 
United States, Argentina and Brazil).40

Finally, the first detection of a Group C rotavirus was reported 
in a Slovenian study from 2006, in three pediatric cases.45 While 
the vast majority of rotaviral infections are due to group A, group 
C rotaviruses are associated with sporadic gastroenteritis and out-
breaks of diarrhea in children and adults worldwide.45

Rotavirus fatalities were relatively low across the region. 
Annual mortality rates per 100,000 were highest in Albania 
(16) and ranged between 2 and 7 per 100,000 in Serbia and 
Montenegro, Macedonia, Moldova Romania, Russia, Bulgaria 
and Ukraine.20,47 In the remaining countries the mortality rate 
was less than 1 per 100,000 per year. Comparison with a global 
literature review of mortality due to rotavirus shows that all of 
the countries in Central and eastern Europe have similar mor-
tality rates than those reported for the highest income coun-
tries (reported as <100 deaths per 100,000 population per year) 
according to the World Bank Income Groups (GNP per capital: 
low [<US $756], low-middle [US $756–$2,995], high-middle 
[US $2,996–$9,265], high [>US $9,265]).9

Only limited data were available for healthcare resource uti-
lization and economic burden for this region. Hospital admis-
sions rates in Central and eastern Europe were similar to figures 
reported in the RVGE Epidemiology and Viral types in Europe 
Accounting for Losses in public health and society (REVEAL) 
study, which was based in western Europe.51 Hospital admis-
sions rates are also similar to those reported in the Middle East 
(Khoury et al. 2010 submitted). Data on the use of intravenous 
fluids in the region was limited to a single study from Slovenia 
which reported on average 2.11 days of intravenous treatment (of 
which 0.82 days in the intensive care unit).18 Overall, the dura-
tion of hospital stay ranged between 4.74 days to 9.5 days with 
older children tending to be discharged sooner.15,26 This is slightly 
longer than the hospital stays reported for western European 
countries in the REVEAL study, which reported and minimum 
of 2.5 days in Sweden and a maximum of 5 days in Germany.52 
Rotavirus cost information was very limited, only a study from 
Poland was captured; in this study the cost of hospitalization per 
RVGE episode was estimated at 2008 US $690.2 for commu-
nity-acquired rotavirus.26 By comparison, in the REVEAL study 
direct medical costs per hospitalization episode ranged from 
2008 US $1,949 (UK) to 2008 US $2,398 (Sweden).52

Results should be considered in light of study limitations. 
Most recent available data were considered to describe and com-
pare genotype distribution across countries. However, the only 
available data were not necessarily recent and did not correspond 
to the same time frame in all countries. In addition, comparabil-
ity of data is affected by variations in study setting and design. 
Finally, the lack of available information on the burden of RVGE 
in terms of mortality, morbidity and economic burden restricted 
the evaluation of the burden for the region.
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disease in Central and Eastern Europe affecting the pediatric 
population. While two or three genotype combinations currently 
predominate in the region, analysis of the evolution of different 
genotypes over time shows that the dominance of a certain geno-
type can change dramatically from year to year and from country 
to country. Vaccination programs may help to reduce the infec-
tion rates of this disease; a vaccine with broad serotype coverage 
would be needed to decrease the burden of RVGE in Central and 
Eastern Europe.
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