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Rotaviruses are the major cause of acute watery diarrhea in children up to 5 years of age.
In 2007 and 2008 an extensive rotavirus molecular epidemiology study was conducted
in Slovenia in order to provide information on rotavirus molecular epidemiology in our
country. This study is part of the EuroRotaNet, European rotavirus surveillance study.

Atotal of 823 stool samples were collected from children with acute gastroenteritis in seven
out of nine healthcare regions in Slovenia. The total RNA was extracted and first amplifi-
cation of VP7 and VP4 genes was performed in RT-PCR. The RT-PCR product was used for
genotyping in multiplex-nested PCR. Untypable strains were included in sequence analysis
of VP7 and VP4 genes.

Genotype distribution similar to that in other European countries was observed. G1P[8],
G2P[4], G3P[8], G4P[8] and GOP[8] were the most prevalent genotypes in 2007 and 2008,
except of G3P[8], not detected in 2008. Relatively high rate of possible zoonotic strains was
detected in 2007 (2.5%). The emerging unusual strain G10P[14] was the only potential
zoonotic strain detected in 2007 and 2008.

After the vaccine introduction in Slovenia in 2007, no specific changes in molecular epi-
demiology of rotaviruses was observed. This finding was expected since rotavirus vaccine
coverage in 2007 in Slovenia was very low. Genotype G1P[8] remains the most prevalent
genotype. The rotavirus strain surveillance in Slovenia should be carried on to allow moni-
toring the spread of some unusual rotavirus genotypes, like G10. The G10 strains should be
tracked especially in vaccinated children as no data on vaccine efficiency against infection
with G10 strains was presented till now.
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Rotavirusi so najpogostejsi povzrocitelji akutnega gastroenteritisa pri otrocih do petega
leta starosti. Pri nevtralizaciji virusa z nevtralizacijskimi protitelesi sta najpomembnejsa
antigena zunanjih proteinov VP7 in VP4. Glede na njune antigenske znacilnosti je uve-
dena dvojna tipizacija - serotip G (za VP7) in serotip P (za VP4). Vzporedno je glede na
nukleotidno zaporedje genov za VP7 in VP4 uvedena genotipizacija. Tipizacija rotaviru-
sov je v sedanjem casu izjemnega pomena, saj sta se pred kratkim na trgu uveljavili dve
novi rotavirusni cepivi, ki uspesno zascitita pred okuzbo z najpogostejsimi rotavirusnimi
genotipi G1P[8], G2P[4], G3P[8], G4P[8] in GOP[8]. Vletih 2007 in 2008 smo v Sloveniji
v okviru evropskega projekta EuroRotaNet izvedli Sirso raziskavo o molekularni epidemi-
ologiji rotavirusov.

Vletu 2007 smo zbrali 400, v letu 2008 pa 423 vzorcev iztrebkov otrok do petega leta starosti,
ki so zboleli za akutnim gastroenteritisom. V vzorcih smo prej z elektronsko mikroskopijo
in/ali encimskoimunskimi testi dokazali rotaviruse skupine A. Iz 10-odstotne raztopine
iztrebka smo osamili RNA. V prvi reakciji RT-PCR smo v locenih reakcijah pomnozevali
odseke genov za VP7 in VP4. Produkte prve reakcije smo uporabili v reakciji vgnezdene
PCR s tipsko-specificnimi zacetnimi oligonukleotidi za dolocevanje genotipov G in P. Po-
mnozene DNA odseke smo locili v gelski elektroforezi in na podlagi velikosti pomnozenih
odsekouv dolocili genotip. Neuspesno tipizirane rotavirusne seve smo vkljucili v analizo
nukleotidnega zaporedja za gene VP7 in VP4.

Vletu 2007 smo zaznali premik glavnine rotavirusnih okuzb v pozno pomlad (april-junij).
Iz leta 2007 smo uspesno tipizirali rotaviruse v vseh 400 vzorcih. Najpogostejsi genotipi v
tem letu so bili G1P[8] (56 %), G4P[8] (16,5 %), G2P[4] (15,3 %), G3P[8] (4,8 %) in GIP[8]
(4,0 %). V sorazmerno visokem odstotku (2,5 %) smo dolocili tudi manj obicajne genotipe,
ki so najverjetneje zoonotskega izvora: G4P[6], GOP[9], G6P[11], G6P[9] in G10P[14].
Leta 2008 smo med 400 uspesno analiziranimi vzorci zaznali povecanje pogostosti poja-
vljanja genotipa G1P[8] (71,9 %) in zmanjsano pogostost genotipov G4P[8], G2P[4] in
GI9P[8]. Genotipa G3P[8] v tem letu nismo zaznali. Povecal se je delez mesanih okuzb, iz
1,0 % v letu 2007 na 3,5 % v letu 2008. Od neobicajnih genotipov smo v obeh letih dolocili
le genotip G10P[14].

Ugotovili smo, da v Sloveniji po uvedbi neobveznega cepljenja z rotavirusnim cepivom v
letu 2007 ni zaznati sprememb v molekularni epidemiologiji rotavirusov. Omenjena ugo-
tovitev ni presenetljiva, saj je bila v obdobju nase raziskave precepljenost z rotavirusnim
cepivom zelo nizka. Se vedno je najpogostejsi genotip G1P[8]. Glede na veliko raznolikost
rotavirusnih genotipov v Sloveniji bi bilo smiselno spremlijati pojavljanje genotipov Se naprej.
Predvsem bo pomembno spremljati nekatere manj pogoste genotipe, kot je genotip G10. Po
napovedih nekaterih raziskav bi ta genotip lahko predstavijal naslednji rotavirusni genotip,
ki se bo uspesno razsiril po svetu. Spremljati bo potrebno pojavijanje tega genotipa predvsem
pri cepljenih otrocih, saj uspesnost cepiva pred okuzbo s tem genotipom Se ni poznana.

rotavirus; molekularna epidemiologija, rotavirusno cepivo,; genotipizacija, EuroRotaNet

Introduction

Rotaviruses are the most common cause of acute gas-
troenteritis in children up to five years of age. Rota-
virus infections are widespread all over the world
and are responsible for more than 500.000 deaths of
young children, located mostly in south and south-east
Asia, Africa and some South American states. In North
America and Europe the mortality rate is low, which is
mostly the result of timely and efficient medical treat-
ment.! As rotavirus infections could not be prevented
with higher hygiene standard, incidence of rotavirus
infection is high also in developed countries. Thus,
it was of high interest to develop efficient vaccine
against rotavirus gastroenteritis, which is also one of
the common causes for children hospitalization.?

Rotaviruses are members of the Reoviridae family.
They are unenveloped viruses with 70-80 nm triple-
layered icosahedral capsid, enclosing the genome of
11 linear dsRNA segments.? Soon after the discovery
of rotaviruses and after their molecular characteristics
was studied, it was evident that rotavirus genetic and
antigenic diversity is very high. This diversity is the
result of genome reassortment and point mutations.
After the co-infection of two different rotavirus strains,
their genome could undergo genetic reassortment,
resulting in genetic and antigenic changes of greater
extension.* The outer layer of the viral capsid con-
sists of two proteins carrying antigen determinants
for rotavirus serotyping and crucial determinants for
virus neutralization epitopes. These two proteins are
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glycoprotein VP7, determining G serotype (G for gly-
coprotein) and hemaglutinine VP4, determining P
serotype (P for protease sensitive). Following anti-
gen determinants of these two proteins, dual typing
system with serotype G and P was introduced for
rotavirus classification. It was not always possible to
provide monoclonal antibodies for each serotype and
because of long and complicated way of serotyping,
a molecular characterization based on nucleotide se-
quences of the VP7 and VP4 genes was introduced,
determining G and P genotypes. Dual genotype clas-
sification was introduced and each rotavirus strain is
characterized and described with G and P genotype,
e.g. G1P[8], G10P[11], etc..’ In 2008 a Rotavirus Clas-
sification Working Group (RCWG) was established to
provide clear and uniform criteria for the classification
of rotaviruses based on nucleotide sequences of all
11 genome segments. To date twenty G and twenty
eight P genotypes were confirmed by the scientific
committee of RCWG.%7

Currently, two rotavirus vaccines, Rotarix® (GlaxoS-
mithKline) and RotaTeq® (Merck Sharp & Dohme),
were released on the market and are already in use
in many countries around the world. Both are live
attenuated vaccines, Rotarix® is monovalent vaccine
with G1P[8] human rotavirus strain and RotaTeq®
is a human-bovine reassortant pentavalent vaccine,
containing the most common genotypes G1-G4 and
P[8].8 During the period of vaccine introduction it
is of great importance to follow rotavirus molecular
epidemiology in order to define postlicensure effec-
tiveness of these two vaccines. In clinical trials both
vaccines showed to be efficient in preventing more
than 90% of severe rotavirus disease requiring hospi-
tal treatment of infected children, although there was
a slightly lower efficiency of protection determined
against G2P[4] rotavirus strain.” 1 There are limited
published data on rotavirus molecular epidemiology
with pre- and postvaccination period. In Australia no
changes in genotype distribution was observed after
12 months of vaccine use in the national immunization
program.!* In Rio de Janeiro a shift towards G2P[4]
was observed one year after the nationwide rotavi-
rus immunization program. However the increasing
emergence of G2P[4] was explained rather as a global
trend in seasonal emerging genotypes.'

Recently, an article describing rotavirus epidemiology
patterns before and after the rotavirus vaccine intro-
duction in the USA. After vaccine introduction onset
and peak of rotavirus season were delayed for 15 and
8 weeks, respectively. In addition, rotavirus season
was shortened to 14 weeks compared to 26 weeks in
the prevaccine era.® The rotavirus surveillance should
continue also after the introduction of rotavirus vac-
cine in order to detect changes in molecular charac-
teristics of circulating strains and to detect possible
rescape mutants« which could pass the immuniza-
tion barrier achieved with vaccination. In Europe,
EuroRotaNet (http://www.eurorota.net/), a network of
laboratories working on molecular epidemiology of
rotaviruses was established. EuroRotaNet is a network
of 14 countries, including Slovenia. The main goal of
this network is to follow changes in molecular char-

acteristics of circulating rotavirus strains before and
after the introduction of rotavirus vaccines.

In this study which is also a part of the EuroRotaNet
project, molecular characterization of rotaviruses cir-
culating in up to 5 years old children in Slovenia is
presented.

Materials and methods

Stoolsamples of children up to 5 years of age with acute
gastroenteritis were collected. Rotaviruses were de-
tected by electron microscopy and/or enzyme-linked
immunosorbent assay. In the period from January 1st
2007 to October 31st 2008 a total of 823 stool samples
were collected and analyzed. Stool samples were col-
lected at Institute of Public Health of the Republic of
Slovenia (IPHRS) and six Regional Institutes of Public
Health (RIPH), except RIPH Murska Sobota and Ravne
na Koroskem and sent to the Institute of Microbiol-
ogy and Immunology, Medical Faculty in Ljubljana
(IMI) for molecular analysis. Most of the samples were
sent from regions of Ljubljana and Celje, followed by
Maribor, Nova Gorica, Novo mesto and Koper (Figure
1). All of the samples analyzed in this study were sent
from hospitals or local pediatricians to RIPH or IMI for
microbiological diagnostics of acute gastroenteritis.
No extra sampling was performed.
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Figure 1. Percentage distribution of investigated sam-
ples in individual healthcare regions in Slovenia. (CE
- Celje, L]-Ljubljana, NG - Nova Gorica, MB - Mari-
bor, KR - Kranj, NM — Novo mesto, KP - Koper, MS -
Murska Sobota, RA — Ravne na Koroskem).

Sl 1. Delez preiskovanih vzorcev po zdravstvenih regi-

Jjah. (CE - Celje, L]-Ljubljana, NG - Nova Gorica, MB

- Maribor, KR — Kranj, NM — Novo mesto, KP - Koper,
MS — Murska Sobota, RA — Ravne na Koroskem).

A 10% stool suspension was prepared in PBS (0.2 M,
pH 7.4). After the clearance with centrifugation at
1600 x g for 5 minutes, 250 ul of supernatant was used
for RNA isolation, using TRIzol LS reagent, following
manufacturer instructions (Invitrogen). Isolated RNA
was resuspended in 30 pl of sterile ddH,0O and stored
at -80°C.

Isolated RNA was used in separate reactions as a tem-
plate for the reverse transcription and amplification of
the genome segments VP7 and VP4. For the amplifica-
tion of 881 bp of VP7 gene, the primer pair VP7F/VP7R
was used in RT-PCR.M In a separate RT-PCR reaction,
a 663 bp segment of VP4 gene was amplified, using



384

Zdrav Vestn 2009; 78

VP4F/VP4R primer pair® A commercial kit Super-
Script™ One-Step RT-PCR was used for both RT-PCR
reactions, following the manufacturer instructions
(Invitrogen).

For the determination of genotypes G and P multiplex-
nested PCRwas performed, using G and P type specific
primers, annealing to nucleotide sequences which are
conserved within the same genotype and differ greatly
comparing to other genotypes.' For G genotyping the
VP7 RT-PCR product was used in a multiplex-nested
PCR reaction mix containing type-specific primers
for genotypes G1-G4, G8, G9, G10 and G12.'%"7 For
P typing the composition of reaction mix was similar
to G typing, but VP4 RT-PCR product was used as a
template and P type specific primers were added for
P[4], P[6], P[8], P[9], P[10] and P[11].>' For G and P
typing 7fi DNA polymerase was used, following the
manufacturer instructions (Invitrogen). The G and P
types were determined after the multiplex-nested reac-
tions according to the length of the amplified products
analyzed in a 1.6% agarose gel electrophoresis (run-
ning time 1 h at 90V).

Rotavirus strains which were untypable were included
in a direct sequence analysis of the VP7 and VP4 am-
plified products. Sequences obtained after sequence
analysis were blasted and compared to the sequences
of reference genotype strains in GenBank (http://blast.
ncbi.nlm.nih.gov/Blast.cgi). A recommended RCWG
cut-off values for G and P genotype analysis were
considered.®

Results

A total of 823 stool samples from children with rota-
virus gastroenteritis were included in this study. The
number of analyzed samples correlated with the dy-

infection. Most of children with rotavirus infection
were found in the age group between 6 months and
3 years, followed by decrease numbers in older age
groups (Figure 3).
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Figure 3. Age distribution of children with rotavirus
gastroenteritis included in the study.

SL. 3. Starostna porazdelitev otrok z rotavirusnim gas-
troenteritisom, vkljucenih v raziskauvo.

Of 823 samples included in the study, 800 were suc-
cessfully analyzed and in 23 samples rotaviruses were
untypable or were only partially typed. In 2007 G1P[8]
was the most prevalent genotype, detected in 56%
of 400 analyzed samples. A lower prevalence was
determined for genotypes G4P[8] (16.5%), G2P[4]
(15.3%), G3P[8] (4.8%) and G9P[8] (4.0%) (Table 1).
Rotavirus genotype G1P[8] was the most prevalent
in all health care regions, except in Maribor and Novo

Table 1. Rotavirus genotypes in Slovenia in 2007 and
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mesto, where G3P[8] and G2P[4] were the most often
detected genotypes (data not shown). It is interesting
that in 2007 relatively high percentage (2.5%) of un-
usual or possible zoonotic strains was detected. These
strains were detected sporadically in different regions
and represent rotavirus genotypes G4P[6], GOP[9],
GO6P[11], G6P[9] and G10P[14] (Table 1).In 2007 1.0%
of mixed infections were detected, also with genotype
G12, which was already detected in a previous study
in Slovenia.’®

A very similar distribution of rotavirus genotypes
was detected also in 423 samples in 2008. In this year
the prevalence of G1P[8] increases to 71.9%, and a
decrease in G4P[8], G2P[4] and G9P[8] prevalence
was observed. The genotype G3P[8] was not detected
in 2008. In five samples (1.2%) unusual genotypes
were detected, of which only G10P[14] was detected
also in 2007. The percentage of mixed infections was
higher in 2008 compared to 2007 and represents 3.5%
of analyzed samples (Table 1).

Discussion

The immune protection against rotavirus infection is
critical because of high antigenic diversity of rotavi-
ruses.” The main goal of developed rotavirus vaccines
is to elicit heterotypic immune response in order to
efficiently protect against severe rotavirus infections,
requiring hospitalization or medical treatment. At the
moment no reports were published on general vaccine
failure in protection against some rotavirus serotype/
genotype. However it is of great importance for contin-
uous surveillance of rotavirus circulating strains also
after the introduction of rotavirus vaccine. Only with
continuous surveillance possible »escape mutants«
not covered with current vaccines could be detected
soon enough to take action on vaccine modification.
The real evidence of such rotavirus strains will be the
simultaneously increasing incidence of rotavirus infec-
tions among vaccinated children and the increasing
prevalence of the specific rotavirus strain.

In Slovenia, rotavirus vaccine Rotarix® was introduced
in January 2007 and RotaTeq® was available since the
end of 2008. As the cost of rotavirus vaccine is relative-
ly high and vaccination is not obligatory, there will be
probably no major effect of rotavirus vaccine introduc-
tion in Slovenia. This is also evident when comparing
the population of children eligible for rotavirus vacci-
nation and the number of vaccinated children in 2007.
The official number of vaccinated children in 2007
in Slovenia according to the IPHRS data is 1080* and
there were 19823 newborn children in 2007 (source:
http://www.stat.si). Unfortunately there are no official
data of rotavirus vaccinated children in 2008, but prob-
able the percentage of vaccinated children in 2008
and in the future will be higher than in the first year
of vaccination. Thus, it will be interesting to follow the
incidence of rotavirus infections in up to five year old
children in upcoming years.

The seasonal distribution of rotavirus infection in Slo-
venia is typical for the areas with climatic changes,
where rotavirusinfectionsare mostcommon in winter
months.! Interestingly, in 2007 there was a clear shiftin

rotavirusinfection peak,beginningin Aprilandlasting
tothelatespring, June.In 2008 there wasagain atypical
distribution of rotavirusinfection with aclearand high
peak between November 2007 and April 2008 (Figure
2). The reason for this shift in 2007 is not known and
should be examined in details. The dynamics of rota-
virus infections probably depends on various factors
which should be considered, like climatic changes in
year-seasons, appearance of rotavirus infectionsin ne-
ighbor countries, emergence of new rotavirus strains,
etc. In previousyears in Sloveniasimilar epidemiology
of rotavirus disease was observed with incidence peak
between Februaryand April, affecting children mostly
between 1 and 4 years of age.?:

Rotavirus genotype distribution in Slovenia is similar
to that observed in other European countries with
G1P[8], G2P[4], G3P[8], G4P[8] and G9P[8] being
the most prevalent genotypes.? However, there are
also some other less frequent genotypes which are
or could be possible rotavirus strains of zoonotic ori-
gin, detected also previously in Slovenia.'® % Zoonotic
transmitted rotavirus strains from animal to humans
replicate mostly with low efficiency in human enteroc-
ites, causing mild clinical signs or asymptomatic infec-
tions and are not able to cause outbreaks of severe
rotavirus disease. The zoonotic transmission became
more important in case of double infections where
animal and human rotavirus strains could reassort
their genome segments resulting in new reassortant
strains.*  The evidences of genome reassortment
were clearly shown in some human rotavirus strains,
originating from animals, like G12 and G9 human
rotavirus strains.?>?” After genome reassortment with
acommon human genotype P[8], G9 and G12 spread
efficiently in human population. For genotype G10
very similar pattern of molecular epidemiology was
detected, reminding us to the history of G9 and G12
genotype stains.?® Rotavirus G10 strains were detected
in this study in combination with P[14]. It was also
detected in mixed infection with G1P[8] genotype,
which could be the basis for genome reassortment
to G10P[8] combination. However, in Slovenia G10
was already detected in 2005/06 in combination with
P[8] and P[9].* As G10 was already detected in com-
bination with P[8] in humans it is not clear, why this
rotavirus strain is not more prevalent. To answer this
question more data on the epidemiology and molecu-
lar characteristics have to be collected in the future.
The phylogenetic analysis of human G10 rotavirus
strains showed that they are closely related to bovine
rotavirus strains.”® Some genetic characteristics of G10
strains are very strongly related to G2 strains, like 12
genotype of the gene encoding for VP6 protein and E2
genotype of the NSP4 enterotoxin gene. Both charac-
teristics are reflected in antigen determinants of VP6
protein and NSP4 enterotoxin and are atleast partially
importantin pathogenesis and immune protection of
rotavirus infections.?® As rotavirus vaccines showed
lower protection against G2P[4] rotavirus infection
it is important to follow also the spread of G10 rota-
virus strains in humans taking into account that both
rotavirus vaccines in Europe were not tested against
G10 rotavirus strains.
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Genetic variability of rotaviruses is high, which is
reflecting also in the antigen diversity of rotaviruses.
For this reason it is crucial to follow molecular changes
of rotaviruses and try to predict possible virus mu-
tations, representing »escape mutants« of rotavirus
immune protection with current vaccines. There are
some theories considering the possibility of seasonal
vaccine modifications after the change in molecular
epidemiology of rotaviruses.?* However, currently
there are no evidences confirming the need for these
measures. Comparing previous studies of rotavirus
molecular epidemiology in Slovenia!® * 2% with this
study, there was no major change detected in rota-
virus genotype distribution after the first two years
using rotavirus vaccine. According to the low vaccine
coverage in Slovenia it is not likely to expect changes
in rotavirus disease epidemiology or in rotavirus geno-
type distribution.

As long as postlicensure surveillance is going on and
there are no data on vaccine efficiency for new emerg-
ing serotypes and genotypes the rotavirus strain sur-
veillance should be carried on.
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