
INTRODUCTION

In developed and developing countries, most cases of acute
gastroenteritis in children are caused by viruses. Rotavi-
ruses are known as the leading cause of severe gastroenteri-
tis among infants and children up to age of five worldwide
(Parashar et al., 2013). Rotaviruses were the most impor-
tant causative agents of acute gastroenteritis in young chil-
dren, until universal rotavirus vaccination was introduced in
many countries (Cortese et al., 2010; Curns et al 2010; But-
tery et al., 2011). Gastroenteritis caused by rotavirus is fre-

quently associated with severe disease symptoms (vomiting,
diarrhea, dehydration, etc.) that lead to increased numbers
of hospitalisation cases, compared to other types of acute
gastroenteritis (Gimenez-Sanchez et al., 2010). From 2010
to 2015, about 3000 rotavirus cases per year were reported
in the age group of 0–6 years, leading to almost 1000 hospi-
talisations per year in Latvia (see
https://www.spkc.gov.lv/en).

Rotavirus is the most common viral cause of severe diarrhea
in infants and young children worldwide (Parashar et al
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In developed and developing countries, most cases of acute gastroenteritis in children are caused
by viruses, and rotaviruses are known as the leading cause. The aim of our study was to estimate
the main circulating serotypes of rotavirus before the introduction of routine immunisation in Lat-
via, and to search for their possible correlation with clinical symptoms and circulating genotypes.
A cross-sectional study was carried out among children who had been hospitalised in the Chil-
dren’s Clinical University Hospital from April 2013 to December 2015. Genotyping was done for
462 stool samples. Among G/P combinations, the most predominant genotypes were G4P[8]
(61.3%), G9P[8] (12.4%) and G2P[4] (10.0%) in children of age < 5 years, G4P[8] (45.5%),
G2P[4] (18.2%), G9P[8], G3P[8], and G1P[8] (9.1%) in children of age > 5 years. There was a
statistically significant correlation (p < 0.05) between clinical signs (vomiting, dehydration, chronic
diseases) and G1P[8] and G8P[8] genotypes. Infants infected with genotype G4P[4] had a statis-
tically significant negative correlation with severity of acute gastroenteritis episodes (p < 0.05).
We detected nine different rotavirus G genotypes, and two different P genotypes. G4P[8], G9P[8],
and G2P[8] were predominant. We observed correlation between the dominant genotypes and
clinical manifestations of rotavirus infection.
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2009). These viruses belong to the Reoviridae virus family.
Its genome consists of 11 segments of double stranded
RNA enclosed in a triple layered capsid (Estes et al., 1996).
The outer layer of a rotavirus is composed of two proteins,
VP7 and VP4, encoded by RNA segments 9 and 4. The cur-
rent classification of grouping of rotaviruses into G (VP7)
and P (VP4) types was developed based on these proteins.
G stands for glycoprotein and P for protease sensitive pro-
tein (Estes et al., 1986). A combined typing system is nec-
essary to characterise circulation of different serotypes in
different seasons and localisations. P[8], P[4] and G1 to G4
and G9 are the most common P- and G-types found in hu-
mans globally. Limited combinations of G and P genotypes
are common in humans. G1P[8], G2P[4], G3P[8], G4P[8],
and G9P [8], are the most prevalent rotavirus types detected
in most studies (Gentsch et al., 1996; Seo et al., 2000).

The aim of this study was to estimate the main circulating
serotypes of rotavirus before the introduction of routine im-
munisation in Latvia, and to search for their possible corre-
lation with clinical symptoms and severity of disease.

MATERIALS AND METHODS

Study design. To determine the circulating serotypes and
severity of Rotavirus gastroenteritis in hospitalised children,
a cross-sectional study was carried out among children who
had been hospitalised in the Children’s Clinical University
Hospital from April 2013 to December 2015 in Rîga.

Inclusion and exclusion criteria. The study comprises
cases of rotavirus-positive hospitalised children (0–18 years
of age). Cases were excluded if there was an absence of par-
ents or legal representatives or they were not willing to par-
ticipate and provide a written consent.

Ethics approval and consent to participate and data

publication. The study consent and protocol were approved
by the ethical committee of Rîga Stradiòð University and by
the Institutional Review Board of Children’s Clinical Uni-
versity Hospital. The study was conducted in accordance
with the Helsinki declaration and good clinical practice
guidelines.

All involved parents or patients’ legal representatives
signed a participation consent and written informed consent
was obtained from the parents for the analysis and publica-
tion of collected data.

Data collection. Parents of laboratory confirmed rotavirus-
positive children were invited to participate in the study.
Data regarding the clinical status of the child were obtained
from patient clinical records and all results were collated
in a questionnaire. A faecal sample was taken from each
participant for further serotype detection, and the result was
added to the questionnaire.

Instruments used. A questionnaire was developed to ob-
tain data from rotavirus-affected children.

The questionnaire contained a clinical part with questions
regarding demographic data of the patient and family, as
well as objective and subjective signs and symptoms for de-
termination of the severity of the case. Data were filled-in
by the medical staff. To categorise clinical severity, the Ve-
sikari score (Vesikari et al., 2011) was used.

Five-hundred twenty-seven hospitalised RotaStrip®-pos-
itive subjects were enrolled in the study from April 2013 to
December 2015. A single stool sample was taken from each
subject for serotype detection. Samples were stored at
–20 °C. 497 stool samples were determined to be suitable,
and genotyping was done for 462 samples.

RNA extraction. Faecal specimens were diluted 1 : 10 in
phosphate-buffered saline. After thorough mixing, each fae-
cal suspension was centrifuged for 20 minutes at 1000 g, 4
C. RV ds RNA was extracted from 140 mL of 10% faecal
suspensions using a RNA extraction Kit (QIAamp Viral
RNA mini Kit (spin protocol); Qiagen, Inc., Hilden, Ger-
many) in accordance with the manufacturer’s instructions.

Reverse transcription-polymerase chain reaction. G and
P genotyping was performed using reverse transcription-
polymerase chain reaction (RT-PCR) and Sanger sequenc-
ing. RT-PCR was performed using a GoTaq
1-Step-RT-qPCR System (Promega, Madison, Wisconsin,
USA). Genotyping was done using a primer set for rotavirus
genotyping VP4 and VP7 genotypes. It was performed us-
ing the following oligonucleotide primer pairs: VP4-F
5?-TAT GCT CCA GTN AAT TGG-3�, VP4-R 5�-ATT
GCA TTT CTT TCC ATA ATG-3�, VP7-F 5�-ATG TAT
GGT ATT GAA TAT ACC AC-3� and VP7-R 5�-AAC
TTG CCA CCA TTT TTT CC-3� (Gouvea et al., 2012.,
Ushijima et al., 1992). Thermal cycling for the VP4 region
was 95 °C for 10 min, 35 cycles of (94 °C for 1 min, 50 °C
for 1 min, 72 °C for 1 min), then 72 °C for 10 min. Thermal
cycling for the VP7 region was 95 °C for 10 min, 40 cycles
of (94 °C for 1 min, gradient from 45 °C to 65 °C for 45
sec, 72 °C for 1 min), then 72 °C for 10 min. Amplified
products were 663 bp for VP4 gene and 880 bp for VP7
gene (Aly et al., 2015).

Nucleotide sequencing and sequence analysis. PCR prod-
ucts were purified using a MinElute 96UF PCR Purification
Kit (Qiagen, Hilden, Germany) in accordance with the
manufacturer’s instructions. The concentration of the puri-
fied DNA samples was determined using a NanoDrop ND-
1000 Spectrophotometer.

The sequencing reaction was performed using an ABI
PRISM BigDye terminator cycle sequencing reaction kit
(Applied Biosystems, Foster City, CA, USA). Thermal cy-
cling was 96 °C for 1 min, 40 cycles of: 96 °C for 10 min,
50 °C for 5 sec, 60 °C for 4 min. Sequence data were col-
lected by means of an automated DNA analyser Applied
Biosystems (ABI) Prism 3130 Genetic Analyzer (Life Tech-
nologies, Foster City, California, USA).
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Data analysis was performed using the National Centre for
Biotechnology Information (NCBI) Basic Local Alignment
Tool (BLAST).

In the period from 2013–2015, 3301 hospitalisation cases
were recorded as related to Rotavirus gastroenteritis. All en-
rolled patients were rotavirus-positive, and the study did not
have a rotavirus negative control group.

Statistical analysis. To characterise the studied group in
general, conventional descriptive statistical methods were
used. Spearman’s correlation coefficient |r| was calculated
using range scale values. Data processing was performed
using IBM SPSS Statistics (Statistical Package for the So-
cial Science, Version 22.0).

RESULTS

A total of 527 stool samples were collected from children
aged 18 years. 497 stool samples were confirmed as suit-
able, and genotyping was done for 462 samples.

Rotavirus and demographic data: Rotavirus was detected
more often (50.6% subjects) in boys than in girls (49.4%
subjects). The children with gastroenteritis were aged 1 to
209 months. The median age of the 462 children was 26.2
months. The age group analysis of rotavirus-positive cases
revealed that the highest infection rate (92.9% prevalence)
was among children less than 60 months of age. Children
till 24 months of age were the most affected (61.0%). Ac-
cording to the seasonal distribution, it was observed that ro-
tavirus infection was detected throughout the year but the
relative frequency of rotavirus gastroenteritis was highest in
winter. The seasonal distribution of rotavirus infection was
as follows: 27.8% (n = 128) in spring, 16.9% (n = 78) in
summer, 17.7% (n = 82) in autumn and 37.6% (n = 174) in
winter. The highest number of detection rotavirus gastroen-
teritis cases was found in March (n = 81) and the lowest in
December (n = 11).

Rotavirus genotyping. Genotyping was performed on 462
rotavirus positive stool samples by using reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and Sanger se-
quencing. In single-type infections, the predominant G/P
combinations were G1P[8], G2P[4], G2P[8], G3P[8],
G4P[8], G9P[8], G8P[8], G1P[4], and G4P[4], which re-
spectively accounted for 30 (6.5%), 49 (10.6%), 12 (2.6%),
19 (4.1%), 278 (60.2%), 56 (12.1%), 16 (3.5%), 1 (0.2%)
and 1 (0,2%) of cases (Table 1). Among G/P combinations,
the most predominant genotypes were G4P[8] (61.3%, n =
263), G9P[8] (12.4%, n = 53) and G2P[4] (10.0%, n = 43)

in children aged < 5 years, G4P[8] (45.5%, n = 15), G2P[4]
(18.2%, n = 6), G9P[8], G3P[8], and G1P[8] (9.1%, n = 3)
in children aged 5 years. The most predominant genotypes
were G4P[8] (41.5%, n = 34) and G9P[8] (42.7%, n = 35) in
infants, G4P[8] at 13–24 months (61.2 %, n = 180), G4P[8]
at 25–36 months (74.4 %, n = 64), and G4P[8] at � 37
months (60.2 %, n = 278). G1P[4] was identified only in in-
fants, while G4P[4] at 13–24 months of age.

For G/P combinations, we compared all major G/P combi-
nations with clinical manifestations. Children (n = 30) in-
fected with G1P[8] and children (n = 16) infected with G8P
[8] genotype presented with more vomiting episodes in 24
hours (r = 0.104; p < 0.05) than those infected with other G
genotypes. Children with G1P[8] genotype had statistically
significant positive correlation with chronic diseases (r =
0.155; p < 0.05).

Children with the G8P[8] genotype had statistically signifi-
cant positive correlation with dehydration signs, febrile
temperature and vomiting episodes (r = 0.167; r = 0.142; r =
0.104; p < 0.05), while children with the G3P[8] genotype
had statistically significant positive correlation with dura-
tions of diarrhea (r = 0.150; p < 0.001) and statistically sig-
nificant negative correlation with vomiting and febrile tem-
perature episodes (r = –0.099; r = –0,092; p < 0.05). It
should be noted that infants infected with genotype G4P[4]
had statistically significant negative correlation with sever-
ity of acute gastroenteritis episodes (r = –0.104; p < 0.05)
and statistically significant positive correlation with vacci-
nation status (r = 0.108; p < 0.05), while G4P[8] had statis-
tically significant negative correlation with dehydration
signs (r = –0.107; p < 0.05).

However, there were no statistically significant correlations
between clinical manifestations and genotypes G2P[4],
G2P[8], G9P[8], and G1P[4].

DISCUSSION

This study on the molecular epidemiology of rotaviruses
circulating in Latvia is the first long-term systematic study
of rotavirus strain diversity. The aim of this study was to es-
timate the main circulating serotypes of rotavirus before in-
troduction of routine immunisation in Latvia, and to search
for their possible correlations with clinical symptoms and
severity of disease.

The present study found that the most common rotavirus
genotypes affecting children were G1, G2, G3, G4 and G9,
associated with genotypes P[4] and P[8] in stool samples
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T a b l e 1

DISTRIBUTION AND RELATIVE FREQUENCIES OF VARIOUS COMBINATIONS OF G- AND P-GENOTYPES

P genotypes G Genotypes

G1 G2 G3 G4 G8 G9

P[4] 1 (0.2%) 49 (10.6%) 1 (0.2%)

P[8] 30 (6.5%) 12 (2.6%) 19 (4.1%) 278 (60.2%) 16 (3.5%) 56 (12.1%)



collected in Latvia in the season 2013/2015. In this study, a
high prevalence of the G4P (Estes et al., 1996) genotype
was determined to be the cause of childhood gastroenteritis.
These results differ from the studies by Soeorget al. (2012),
which found that the most frequent strain in Estonia was
G2P[4] in the 2007/2008. Piekarska et al. (2015) found that
predominant genotype in rotavirus gastroenteritis in Polish
children was G3P[9] in 2010 . In Italy G1P[8] and G9P[8]
rotavirus gastroenteritis strains were detected frequently,
whereas G12P[8] caused a single large nosocomial outbreak
(Ianiro et al., 2017). So far, it has been reported that the
most common rotavirus genotypes affecting humans were
G1, G2, G3, G4 and G9, associated with genotypes P[4] and
P[8]; the genotypes G1, G2, G3 and G4 were observed in
90–95% of cases in Europe. Van Damme et al. investigated
the distribution of rotavirus genotypes in well-defined areas
of seven European countries. In that study, five main geno-
types (G1–G4 and G9) were found, which accounted for
98% of rotavirus gastroenteritis cases in the study areas,
while the remaining 2% of rotavirus gastroenteritis cases
were due to the G6, G8, G10 and G12 genotypes (Van
Damme et al., 2017).

We found a significant relationship between certain geno-
types and clinical manifestations, including dehydration
signs, febrile temperature, vomiting and diarrhea. G1P[8]
was significantly associated with vomiting episodes com-
pared to other genotypes. In our study the G1P[8] genotype
had statistically significant positive correlation with chronic
diseases. Interestingly, we found a significant association
between G8P[8] genotype and dehydration signs, febrile
temperature or vomiting episodes. Shim et al. (2016) found
that G2P[4] was significantly associated with greater
vomiting-related severity compared to other genotypes, in-
cluding G1P[8]. However, the association between G2P[4]
and clinical severity itself is mostly consistent with the re-
sults of several studies from the pre-vaccine era (Bern et al.,

1992; Cascio et al., 2001).

Genotyping results were significantly associated with the
severity of diarrhea using Vesikari symptom scores. In this
study, the G3P[8] genotype had statistically significant
positive correlation with durations of diarrhea and statisti-
cally significant negative correlation with vomiting and feb-
rile temperature episodes. Multivariate analyses have identi-
fied that G3, G4 and G9 are correlated significantly with
severe diarrhea and frequent diarrhea (Sudarmo et al.,

2015).

CONCLUSIONS

In the study, we detected nine different rotavirus G geno-
types, two different P genotypes and G4P[8], G9P[8],
G2P[8] were found to be the predominant genotypes. We
determined correlation between the dominant genotypes and
clinical manifestations of rotavirus gastroenteritis in our re-
gion.

This manuscript is part of the doctoral dissertation by the
corresponding author Gunta Laizâne.
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ROTAVÎRUSA KLÎNISKO ÎPATNÎBU UN GENOTIPU RAKSTUROJUMS BÇRNU KLÎNISKÂ UNIVERSITÂTES SLIMNÎCÂ
STACIONÇTIEM BÇRNIEM

Pçtîjuma mçríis bija izvçrtçt rotavîrusa infekcijas galvenos cirkulçjoðos serotipus pirms imunizâcijas ievieðanas Latvijâ un noskaidrot to
iespçjamâs korelâcijas ar klîniskiem simptomiem. No 2013. gada aprîïa lîdz 2015. gada decembrim tika veikts ðíçrsgriezuma pçtîjums.
Rotavîrusa genotipçðana tika veikta 462 fçèu paraugiem. Bçrniem lîdz piecu gadu vecumam G/P kombinâcijâs dominçjoðie genotipi bija
G4P[8] (61,3%), G9P[8] (12,4%) un G2P[4] (10,0%), savukârt G4P [8] (45,5%), G2P[4] (18,2%), G9P[8], G3P[8] un G1P[8] (9,1%)
dominçja bçrniem, kas vecâki par pieciem gadiem. Pçtîjumâ tika konstatçta statistiski nozîmîga korelâcija (p < 0,05) starp klîniskajâm
pazîmçm (vemðana, dehidratâcija, hroniskas slimîbas) un G1P[8], G8P[8] genotipiem. Zîdaiòiem ar genotipu G4P[4] bija statistiski
nozîmîga negatîva korelâcija ar akûta gastroenterîta epizoþu smagumu (p < 0,05). Mçs noteicâm deviòus daþâdus rotavîrusa G genotipus,
divus P genotipus. Mûsu pçtîtajâ populâcijâ dominçja G4P[8], G9P[8], G2P[8] genotipi.
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