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INTRODUCTION

Rotaviruses (RVs) are the major causative agents of acute 
and severe diarrhea and gastroenteritis in children, partic-
ularly in those younger than 5  years. These microorganisms 
cause about half a million deaths per year worldwide [1].

Rotaviruses are non-enveloped RNA viruses belonging to 
family Reoviridae with a genome consisting of 11 segments of 
double-stranded (ds) RNA surrounded by a triple-layer nucle-
ocapsid. The outer layer includes two structural viral proteins 
(VPs), denoted as VP4 and VP7. VP4 is a protease-cleaved pro-
tein (protein P), and VP7 is a glycoprotein (Protein G). Proteins 
P and G determine the serotype of the virus. Since they are 
targets for antibodies, these proteins are important for devel-
opment of the vaccine. Rotaviruses are further subclassified 

into genotype G and genotype P, depending on whether their 
genome contains VP7 or VP4 gene, respectively [1-3].

Mapping the genotype distribution of rotavirus strains is 
essential for determination of the epidemiology of the virus 
both locally and globally, and is thus also critical to understand 
whether the current vaccine covers the most prevalent geno-
types of a certain location.

In the present study, we aimed to determine the preva-
lence and the genotype distribution of rotaviruses in children 
admitted to Rize Training and Research Hospital in Eastern 
Black Sea region of Turkey. Moreover, we wanted to make a 
contribution to a database of Turkey Rotavirus Surveillance 
Network (TÜROSA) employed in process of vaccine 
development.

MATERIALS AND METHODS

Sample collection

Fecal samples of a total of 1297 children admitted to the 
outpatient clinics of pediatrics or the emergency room of Rize 
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ABSTRACT

Determination of the distribution of rotavirus genotypes is essential for understanding the epidemiology of this virus responsible for nearly 
half a million of deaths in patients with gastroenteritis worldwide. In the present study, we aimed to genotype the rotavirus strains isolated 
from diarrheal stool samples in children under 5 years old. A total of 1297 fecal samples were collected, and rotavirus antigen was detected 
in 73 of these samples. Antigen-positive samples were transferred to the Public Health Agency of Turkey, Molecular Microbiology Research 
Laboratory, and were tested for determination of genotypes G and P using semi-nested multiplex polymerase chain reaction method per-
formed with consensus- and genotype-specific primers. Twelve specimens were found to be negative for rotavirus in genotyping method. All 
the positive-strains were in G1-4, G8-9, P(4), P(8), and P(9) genotypes. The most frequent GP genotype combinations were found to be G9P(8) 
in 21 strains (34.4%), G2P(4) in 14 strains (23.0%), and G1P(8) in 12 strains (19.7%). We found 10 distinct genotypes amongst a total of 61 strains. 
Among the strains isolated and genotyped in our study, 90.2% (55/61) and 67.2% (41/61) have already been included in the two existing com-
mercial vaccines. In conclusion, these findings implicate the necessity of development of region-specific vaccines after evaluation of the local 
genotype distribution. Further studies on the large number of rotavirus strains would contribute to this process.
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Training and Research Hospital in 2013 with a diagnosis of 
gastroenteritis were collected using a disposable container. 
The samples were collected within the first 48 hours of hospi-
talization. Patients’ demographical data as well as the clinical 
symptoms and findings were obtained retrospectively from 
the hospital records.

Antigen detection

Fecal samples were tested for the presence of rotavirus 
antigen using commercial immunochromatographic test 
(ABON Biopharm, London, U. K.) in concordance to man-
ufacturer’s protocol. Rotavirus antigen-positive fecal samples 
were stored at –20 °C until the moment of genotyping testing.

Genotyping of the strains

All the antigen-positive samples (a total of 73) were trans-
ferred to the Public Health Agency of Turkey, Molecular 
Microbiology Research Laboratory, and were tested on deter-
mination of genotypes G and P, using semi-nested multiplex 
polymerase chain reaction method performed with consen-
sus- and genotype-specific primers.

Nucleic acid extraction

RNA extraction was performed as previously described [4]. 
A fecal suspension of 10% (w/v) prepared in phosphate-buff-
ered saline was vortexed and centrifuged at 3000Xg for 
15 min. The supernatant was taken, and RNA was extracted 
using EZ1 virus Mini Kit (Qiagen GmbH, Hilden, Germany) 
following the manufacturer’s recommendations.

G and P Genotyping

For amplification of the VP7 gene, extracted RNA was 
reverse-transcribed and then amplified with the consensus 
forward primer VP7-F and reverse primer VP7-R, using the 
Superscript one-step RT-PCR kit (Invitrogen, Thermo Fisher 
Scientific, Waltham, MA, USA), as described before [5]. The 
amplification conditions were as follows: denaturation of 
dsRNA at 95°C for 5  min, reverse transcription at 45°C for 
45 min, and then amplification of cDNA following the cycling 
parameters [5].

For amplification of the VP4 gene, first cDNA was syn-
thesized with random-hexamer primer using the first strand 
cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA, 
USA). Then, the cDNA was amplified using the consensus 
forward primer (VP4F) and the reverse primer (VP4R), as 
previously described [1, 6-7]. The thermal-cycling conditions 
were carried out as follows: denaturation at 95°C for 3  min, 
35 cycles at 95°C for 45 s, 54°C for 45 s, and 72°C for 1 min, and 
final extension at 72°C for 10 min [6] (Table 1).

Semi-nested type-specific multiplex PCR was carried out for 
determination of the genotypes P and G. G genotyping was per-
formed using first-round PCR product and specific primers (tar-
geted to G1-4, G8-10), and the VP7-R consensus primer in PCR 
master mix (Thermo Fisher Scientific, Waltham, MA, USA) fol-
lowing the thermal-cycling conditions, as described before [5]. 
P genotyping was carried out using the first-round PCR prod-
ucts along with specific primers of VP4-F, P(4), P(6), and P(8-11). 
Amplification was performed as 35 cycles at 95°C for 45 s, 45°C 
for 45 s and 72°C for 1 min after denaturation. Sequences of the 
primers used to identify G and P genotypes and the amplicon 
sizes of each genotype are shown in Table 1. The PCR products 
were electrophoresed on a 2% agarose gel. The G and P geno-
types were determined by the sizes of the amplicons.

Sequencing

The first-round PCR products were purified using Agencourt 
AMPure (Beckman Coulter Company, Beverly, MA, USA), the 
sequencing was performed using consensus primers for the 
VP7 and VP4 genes. Sequence reaction contained the primers, 
purified amplicon, and dye terminator cycle sequencing quick 
start kit (Beckman Coulter Company, Beverly, MA, USA). The 
sequencing reaction was carried out with denaturation at 94°C 
for 3 min, 30 cycles of denaturation at 96°C for 20 s, annealing 
at 55°C for 20 s, and elongation at 60°C for 4 min. The sequence 
data were provided from an automated analysis and sequencing 
system (Beckman Coulter CEQ 8000). The obtained sequences 
were subjected to NCBI BLAST using the National Center for 
Biotechnology Information (http://blast.ncbi.nlm.nih.gov) to 
find identical and closely related sequences for VP7 vs VP4 gen-
otype assignment.

Statistical analysis

Statistical analysis was performed using the software 
SPSS, version  15.0 (IBM Corporation, Chicago, IL, USA). 
Differences between the groups according to the variables 
were analyzed using the chi-square (χ2) test, and ANOVA test 
in case of more than one group comparison. P values of < 0.05 
were considered statistically significant.

RESULTS

Rotavirus was detected in 5.6% (73/1297) patient samples. 
Twelve out of 73 (16.4%) antigen-positive samples turned out 

TABLE 1. Primers used for genotyping of VP4 and VP7

Genes Forward primers Reverse primers

VP-4 5'-TGG CTT CGC CAT 
TTT ATA GAC A-3'

5'-ATT TCG GAC 
CAT TTA TAA CC-3'

VP-7 5'-ATG TAT GGT ATT 
GAA TAT ACC AC-3'

5'-AAC TTG CCA 
CCA TTT TTT CC-3'
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as negative in the genotyping method. All the strains were in 
G1-4, G8-9, P(4), P(8), and P(9) genotypes. The most seen G-P 
genotype combinations were found to be G9P(8) in 21 strains 
(34.4%), G2P(4) in 14 strains (23.0%), and G1P(8) in 12 strains 
(19.7%). We found a total of 10 different genotypes amongst 
61 strains, while 77.0 (47/61) of them were in the three most 
commonly isolated genotypes (Table 2).

All the rotavirus cases were reported during the “cold 
months”, i.e., between November and May. The highest num-
ber of cases was observed in April (16 of 61), while only one 
case was seen in January (Table 2). No significant difference 
was found among the months in terms of the genotype fre-
quencies (p > 0.05).

All the rotavirus strains were detected in children who 
were between 13 and 60  months old. However, the high-
est rate of positivity was seen in the 5-year-old patients (49-
60  months) as 36.1% of the cases (Table  2). No significant 
difference was found among the age groups in terms of the 
genotype frequencies (p > 0.05). A  total of 34  (55.8%) of the 
patients were male, while the 27 (44.2%) were female (Table 2). 
No significant gender difference was found in terms of the 
genotype frequencies (p > 0.05).

In addition, there were only two cases of severe dehydra-
tion, while no deaths were reported in our patients. The gen-
otype distribution of the strains according to age is presented 
in Figure 1.

DISCUSSION

Understanding the epidemiology of rotavirus, responsi-
ble for about half a million deaths worldwide [3], is of criti-
cal importance for community health. Determining the 
distribution of rotavirus genotypes can contribute to better 

understanding of epidemiology, as well as for the planning of 
the vaccine coverage both locally and nationwide.

Rotavirus infections are predominantly reported during the 
cold months of the year [4]. In accordance to the literature, all the 
rotavirus cases in our study were observed between November 
and May. However, the cases didn’t follow the normal distribu-
tion; for instance, the highest number of cases was reported in 
April (16 of 61), while only one case was seen in January.

Rotavirus commonly infects children younger than two 
years of age, with a significant peak between 13 and 24 months, 
both in our country and throughout Europe [4, 8]. However, in 
the present study, the highest incidence (36.1%) was observed 
in patients of five years of age (49-60 months). However, this 
finding supports the conclusion of Durmaz et al. [4], who pub-
lished the most comprehensive and updated study, stating that 
surveillance studies on rotavirus should broaden its age limits 
to include children younger then 5 years instead of taking into 
account only children up to 2 years of age.

It is reported that the majority of the G genotypes (more 
than 85%) are identified as G1-4, and G9, while of the P geno-
types are identified as P(8), P(4), and P(6) [4]. Durmaz et al. [4] 
found that more than 97% of their strains corresponded to 
these genotypes. In concordance to these data, 100% of our 
strains were in these genotype groups (Table 2).

FIGURE 1. Genotype distribution of rotaviruses detected in chil-
dren according to age groups.

TABLE 2. Genotype distribution according to age, gender, and months of the year

Genotypes G1P (8) G2P (8) G4P (8) G2P (4) G9P (8) Others* Total p
Total (n (%)) 12 (19.7%) 3 (4.9%) 2 (3.3%) 14 (23.0%) 21 (34.4%) 10 (16.4%) 61
Distribution according to age (n)

13-24 months 2 2 1 2 7 4 18 (29,5%) >0.05 for all
25-36 months 5 0 0 1 2 2 10 (16.4%)
37-48 months 1 0 0 5 4 1 11 (18.0%)
49-60 months 4 1 1 6 8 3 22 (36.1%)

Distribution according to gender (n)
Male 7 2 1 8 12 4 34 (55.8%) >0.05 for all
Female 5 1 1 6 9 5 27 (44.2%)

Distribution according to months of year (n)
November 0 1 0 1 6 0 8 >0.05 for all
December 0 1 0 1 6 4 12
January 1 0 0 0 0 0 1
February 3 1 0 5 0 2 11
March 2 0 0 3 1 1 7
April 6 0 2 1 6 2 16
May 0 0 0 3 2 1 6

* ”Others” included G9P (4), G9P (9), G2G9P (8), and G1P (4) P (8)
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To date, a total of 42 different G-P genotype combinations 
have been reported in Turkey [4]. Tapisiz et al. [9] reported 
34 different genotype combinations (n=90), while Bozdayi 
et al. [10] found 20 combinations (n=128). Durmaz et al. [4] 
identified 26 genotypes (n=1644). In our study, however, 10 
distinct genotypes were found.

In the present study, 83.6% (51/61) rotavirus strains were 
in the five common G-P genotype combinations. Amongst 
those, G9P(8) was the most frequent genotype with a rate of 
34.4% (n=21). The following most frequent genotypes were 
G2P(4) (23.0%) and G1P(8) (19.7%). In the United States of 
America (USA), the most prevalent genotypes were reported 
to be G1P(8), G2P(4), G3P(8), G4P(8), G9P(8), and G9P(6). In 
the USA, it is also found that in recent years, G3P(8) showed 
increasing trend in frequency among the gastroenteri-
tis cases [3]. Similarly, G1P(8) was reported to be the most 
frequent genotype in majority of the countries in Europe, 
amongst more than 25 thousand isolated strains (49.9%). The 
exceptions are Romania and Denmark, where G9P(8) is pre-
dominant type, similarly to our study and the other published 
studies from Turkey. The other common genotypes isolated in 
Europe were: G4P(8), G2P(4), G9P(8), and G3P(8) [4-5, 11-12]. 
In addition, Mullick et al. [13] reported the most common gen-
otypes as G1P(8), G9P(8), G2P(4) and G9P(4) in India, while 
Numazaki et al. [14] identified G1P(8), G3P(8) and G9P(8) as 
the most frequent in Japan. In Republic of Korea, the most 
common genotypes were G1P(8), G2P(4) and G9P(8) in the 
study published by Kim et al. [1], while Boula et al. [15] reported 
G9P(8), G1P(8) and G3P(6) genotypes in Cameroon. In con-
trast, Semeiko et al. [16] found the G4P(8) as the predominant 
genotype in Belarus.

In distinct locations of Turkey, G9P(8) and G1P(8) were 
found to be the most prevalent genotypes [4, 10,17]. Durmaz 
et al. [4] found the most common genotypes as G9P(8) (40.5%), 
G1P(8) (21.6%), G2P(8) (9.3%), and G2P(4) (6.5%); these find-
ings were in concordance with our data, with a difference 
in frequency of G2P(4) (23.0% vs. 6.5%). However, Altindis 
et al. [18] also reported the most frequent genotype as G2P(4) 
with a frequency rate of 47.2%, the finding that supports the 
results of our study. Though Cataloluk et al. [17] reported the 
most prevalent genotype as G4P(8) (42.2%), we found only 
two strains (3.3%) belonging to that particular type. These find-
ings implicate that the distribution of rotavirus genotypes is 
different between in industrialized and developing countries. 
However, available data are insufficient to understand the rea-
sons for this difference.

A live, oral, human-bovine reassortant rotavirus vaccine 
(RotaTeq®, Merck and Company, Whitehouse Station, NJ, 
USA) has been recommended for routine vaccination of 
infants. It contains five reassortant common rotavirus types 
such as G1, G2, G3, G4, and P(8) (subgroup  P1A). Another 

live vaccine Rotarix® (GlaxoSmithKline Biologicals, Rixensart, 
Belgium) contains the attenuated monovalent G1P(8) human 
rotavirus strain [3, 19]. Both of these vaccines cover the most 
common types throughout the world, and are currently in use 
in several countries. They aim to control severe diarrhea and 
to prevent death in children younger than 5 years of age [20]. 
Amongst our strains, 90.2% (55/61) were in the coverage of 
RotaTeq®, while 67.2% (41/61) were in coverage of Rotarix®. 
This finding supports the necessity of developing nation-spe-
cific vaccines in relation to the clinical outcomes. In addition, 
this can be critical in prevention of a selective increase in the 
prevalence of G9 or other emerging genotypes.

CONCLUSION

In conclusion, we found that the most common genotype 
was G9P(8) amongst 10 distinct genotypes that is in accor-
dance with the data reported in studies in Turkey. In addition, 
77.0% of the strains (47/61) were identified as being one of the 
three most common genotypes: G9P(8), G2P(4) and G1P(8). 
Although all the cases were seen during the cold months, 
the peak of infection was observed in April. In contrast to 
other studies, all the observed rotavirus infections occurred 
in children aged 13-60 months, with a peak between 49 and 
60  months of age. However, 90.2% and 67.2% of our strains 
were covered by the two currently commercially available 
vaccines. These data suggest that G-P genotype combina-
tions vary in relation to geographical location and seasons of 
the year. Further studies containing large number of rotavirus 
strains would contribute to development of nation-specific 
vaccines.
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