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Abstract
The leading cause of acute gastroenteritis (AGE) in children is rotavirus. In different countries, different rotavirus genotypes 

prevail and are associated with different severity of disease.
The purpose of our study was to identify the distribution of rotavirus genotypes in Kyiv, Ukraine, and to determine the 

correlation between the genotypes and course of disease.
Materials and methods. 978 children under 5 years of age were examined with АGE symptoms and not vaccinated against 

rotavirus. Determination of rotavirus antigen and genotype were performed using the immunoenzymatic assay and real-time RT-PCR.
We assessed the demographics, clinical manifestations of AGE, the Vesikari scale AGE severity.
Results. The G4P[8] genotype prevailed in Ukraine during 2014–2018. The G1P[8] was the second most common. G9P8 was 

the third, the fourth place was shared by G2P[4] and G3P[8]. Fever, as a manifestation, was more pronounced in G1P[8] and G3P[9].
The highest number of vomiting episodes per day occurred in the G1P[8] and G4P[8]-related cases.
Maximum of diarrhea episodes per day was observed in genotypes G1P[8], G3P[8], G4P[8] and G9P[8].
Mucus and blood in stool were found in genotypes G3P[8] (1/33.33 %), G4P[8] – blood (1/2.27 %).
The children with genotypes G1P[8] and G4P[8] had catarrhal symptoms.
More cases of moderate and severe dehydration, occurred in the G4P[8]. 
The Vesikari scale analysis showed that only G1P[8] led to mild cases(3.57 %). The most widespread genotypes, G1P[8] and G4P[8], 

led to a moderate illness in 14.29 % and 13.56 % cases, respectively, and to a severe illness in 82.14 % and 86.44 % cases, respectively.
Conclusions. G4P[8] was associated with the most severe disease due to more frequent and prolonged vomiting, febrile fever 

and bloody diarrhea. G1P[8] and G4P[8] were associated with catarrh.
Keywords: genotypes of rotavirus, rotavirus in children, acute gastroenteritis.
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1. Introduction
Acute gastroenteritis (AGE) is one of the major culprits of pediatric mortality worldwide. 

According to Global Disease Burden, children under the age of 5 comprise a third of all those who 
died of diarrhea [1].

Diarrhea is the third leading cause of childhood mortality globally, behind only pneumonia 
and complications from premature birth [1]. There is a variety of data regarding the role of different 
causative agents in gastroenteritis. However, rotavirus is arguably the leader. Vaccination is the 
only effective prevention against rotavirus. To date, 107 countries have introduced vaccine preven-
tion against rotavirus, 103 of which – at the national level [2].

In different parts of the world, different genotypes of rotavirus prevail. The genotype G1P[8] 
represents over 70 % of cases of rotavirus infection in North America, Europe, and Australia, but 
only about 30 % in South America and Asia and 23 % in Africa [3]. Overall, four G types (G1, G2, 
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G3, and G4) associated with P[8] or P[4] account for over 88 % of the strains detected worldwide. 
The G9 type associated with P[8] or P[6] accounts for another 4.1 % [3]. 

Mohamed NF Shaheen reviewed 19 articles from 2000 to 2017 on diarrhea cases in Egypt. 
He obtained the following data: like anywhere in the world, G1P[8] was the most commonly de-
tected rotavirus genotype, followed by G2P[4] and G3P[8] [4]. The researcher noted that after the 
introduction of rotavirus vaccination, not only the number of gastroenteritis cases reduced, but also 
the proportion of the new serotypes increased [4].

In Moscow, the genotype G4P[8] accounted for 38.7 % of all rotavirus-positive cases bet
ween 2009 and 2014, being the prevailing genotype. Other genotypes, such as G1P[8], G9P[8], 
G3P[8], and G2P[4], occurred in 11.8 %, 6.6 %, 4.2 %, and 3.3 % of cases respectively [5].

In almost all of the Latin America, the genotype G2P[4] prevails, except for Chile and 
Bolivia, where genotype G9P[8] is more common, occurring in 81.7 % and 41.8 % of the cases, 
respectively [6].

In Ukraine, rotavirus genotypes have been studied since 2006 as part of the World Health 
Organization Global Rotavirus Surveillance. In 2007–2008, two genotypes dominated – G1P[8] 
and G3P[8]; in 2008–2010, GM (mix) P[8] took the lead. Since 2011, the G4P[8] has been the most 
commonly detected [7].

The researchers’ thoughts about the association between severity of condition and rotavirus 
genotype vary significantly [8, 9]. The majority of researchers discover the dependence of the geno
type on the severity of illness. However, the identical genotypes in the different parts of the world 
are associated with the different severity of disease. The researches, which were held in India and 
in England, the leading genotype was G9 and also it was a cause of the most severe disease [8, 10],  
but in the USA and Indonesia it was contrariwise, the disease, caused by G9, was not as severe as 
in the cases, caused by G2 [11, 12]. 

The aim of our study was to identify the distribution of genotypes in Kyiv, Ukraine, and 
to determine if there is a correlation between the genotypes of rotavirus currently circulating in 
Ukraine and severity and clinical manifestations of the disease.

2. Materials and methods
A total of 978 children under 5 years of age with symptoms of acute gastroenteritis were 

examined and hospitalized in the infectious disease isolation wards of Kyiv City Children Clinical 
Hospital No 1 between 2014 and 2018.

Inclusion criteria: children under 5 years of age with symptoms of acute gastroenteritis and 
not vaccinated against rotavirus infection, who required hospitalization and agreed to participate 
in the study. 

Exclusion criteria: children over 5 years of age, children under 5 years of age, who did not 
require hospitalization, and children, whose parents (or legal representatives) refused to participate 
in the study. The study was conducted in accordance with the requirements of good clinical prac-
tice, the Council of Europe Convention on Human Rights and Biomedicine, the Helsinki Declara-
tion of the World Medical Association and approved by the local ethics committee of the Shupyk 
National Medical Academy Of Postgraduate Education (protocol No. 9, from 28.11.2017). 

A parents or legal representative of the child signed an informed consent to participate in a study. 
After consent was obtained, the children were included in the study and stool samples were taken.

A stool sample of 5 ml was taken into a special container no later than 48 hours after ad-
mission to the hospital. Immediately after taking the stool sample, the container was placed in the 
refrigerator. Transportation to the laboratory took place in a refrigerated container.

Determination of the rotavirus antigen was carried out at the National Virus Reference  
Laboratory of the Center for Public Health using the immunoenzymatic assay (ELISA).

Random rotavirus-positive samples were tested for genotype determination in real-time 
by RT-PCR at the WHO reference laboratory (Republican Research and Practical Center for Epi
demiology and Microbiology, Minsk, Belarus).

We assessed and compared the demographic data (age), clinical manifestations of acute  
gastroenteritis, severity of acute gastroenteritis on the Vesikari scale, conducted a survey on the 
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outpatient course of the disease before admission to hospital, and collected catamnesis within 
1 month after discharge from hospital.

We estimated the following clinical parameters: temperature at admission, maximum tem-
perature, and duration of fever; number of vomiting episodes per day, number of repeated vomiting 
episodes per day during hospitalization after administration of antiemetic medications; number 
of diarrhea episodes per day before admission, duration of diarrhea prior to admission, number of 
diarrhea episodes per day during hospitalization, total duration of hospitalization, total duration 
of diarrhea, degree of dehydration, and severity of the disease on the Vesikari scale; frequency of 
signs such as bloating and abdominal pain, need for surgical consultation and surgical treatment, 
seizures, altered consciousness, runny nose, yawning, coughing and otitis, as well as stool consis-
tency and the presence of pathological impurities in the stool.

The Vesikari severity scoring scale assesses the following parameters: the maximum num-
ber of diarrhea and vomiting episodes per 24 hours, duration of diarrhea and vomiting (days), 
temperature, degree of dehydration, and need for hospitalization. Every parameter is assessed on  
a scale from 1 to 3. A total score of <7 corresponds to mild, 7–10 – to moderate, and ≥11 – to severe 
acute gastroenteritis. The maximum possible score is 20 [13].

Statistical analysis was performed with the STATA program. Chi-squared test (χ²) was used 
for comparison of qualitative data. The quantitative data in this study did not follow normal dis-
tribution and, therefore, non-parametric criteria (median, interquartile range (25; 75)) were used.

3. Results
We examined 978 patients with symptoms of acute gastroenteritis. Rotavirus infection was 

diagnosed in 458 patients (46.83 %). 
Of all the rotavirus-positive stool samples, 168 were randomly selected to be tested by RT-PCR  

for determining rotavirus genotypes.
Fig. 1 shows the distribution of genotypes identified in Kyiv in 2014–2018.

Fig. 1. Distribution of genotypes of rotavirus in 2014–2018, Kyiv

As seen from Fig. 1, the G4P[8] genotype dominated in Ukraine during 2014-2018. 
The genotype G1P[8] was second most common in Ukraine. G9P[8] was the third com

monest, while the fourth spot was shared by G2P[4] and G3P[8].
Among the studied stool samples, we detected cases of mixed infection with viral and bac-

terial pathogens. Among the identified genotypes, mixed infection was typical only for G4P[8] and 
detected in 2,99 %. Mixed infection with salmonella occurred in 1.19 % of cases, and campylo-
bacter, norovirus, and adenovirus in 0.60 % of cases each.

We analyzed the peculiarities of clinical manifestations of various genotypes of rotavirus, 
which were widespread in Ukraine, specifically in Kyiv, in 2014-2018.

The age characteristics of the affected children were as follows. 
For G1P[8] genotype, the average age was 27.9 (13.88; 38.47) months, for G2P[4] –  
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13.08 (10; 20) months, for G4P[8] – 21.07 (12; 35) months, for G9P[8] – 28 (11; 31) months,  
for NT – 1 month. The age difference was not statistically significant (p > 0.05).

The peculiarities of the disease onset and its further course with respect to the genotype are 
presented in Table 1.

Table 1
Clinical parameters in the compared groups, represented by qualitative data

Symptom
Rotavirus genotype, (Me (IQ 25;75))

Р-value
G1P[8] G2 NT G2P[4] G2P[8] G3P[8] G4P[8] G9P[8] NT

Temperature at admission, °С 38.6
(37.8; 39)

37.65 
(37.5; 37.8)

37.8 
(36.6; 38) 38.2 37.8 

(37.7; 39.2)
38 

(37.6; 38.6)
37.7 

(37.6; 38.4) 38.1 p > 0.05

Temperature, duration before admission 1 (1; 1) 0 2 0 1 1 1.5 (1; 2) 0 p > 0.05

Maximum temperature during  
hospitalization

38.6 
(37.8; 39) 36.6 38.6  

(36.6; 39.2) 39.2 37.5  
(37.2; 39.2)

38.35  
(37.6; 38.8)

37.6  
(36.6; 38.4) 38 p > 0.05

Total duration of fever 4 (3; 5) 2 (2; 2) 3.5 (3; 4) 4 3 (3; 4) 3(3; 4.5) 3 (2; 6) 4 p > 0.05

Number of vomiting episodes per day 5 (4; 6) 2 4.5 (3; 6) 3 4 (2; 8) 5 (3; 6) 4.5 (3; 6) 3 p > 0.05

Vomiting duration 2(1; 3) 2.5(2; 3) 2(2; 3) 3 (3; 3) 2 (2; 3) 2 (1; 3) 3 (2; 3) 1 (1; 1) p > 0.05

Repeated vomiting during hospitaliza-
tion, number of episodes per day 3 (2; 3) 0 2 0 1 2 (1; 3) 0 0 p > 0.05

Number of diarrhea episodes per day 5 (3; 6) 0 4 (1; 6) 0 6 6.5 (3; 10) 6.5 (3; 10) 0 p > 0.05

Diarrhea duration before admission 1 (1; 1.5) 0 2 (1; 2) 0 1 1 (1; 2) 2.5 (2; 3) 0 p > 0.05

Number of diarrhea episodes per day 
during hospitalization 6 (4.5; 10) 6 (5; 7) 6 (3; 6) 7 7 (6; 10) 6 (4; 10) 7 (4; 10) 3 p > 0.05

Total diarrhea duration 6 (5.5; 6) 5.5 (5; 6) 5 (4; 9) 11 6 (4; 8) 5 (4; 7) 7 (4; 11) 6 p > 0.05

Duration of hospitalization 3 (3; 4) 2 3 (2; 4) 4 2 (2; 2) 2 (2; 3) 2 (2; 4) 1 p > 0.05

As can be seen from Table 1, fever at the beginning of the disease was more pronounced 
in genotypes G1P[8] and G3P[9], and children were admitted to hospital from Day 1, while other 
genotypes were characterized by a gradual onset of fever. However, during hospitalization, the 
fever was high for almost all detected genotypes except for G2 NT. In G1P[8] genotype, the fever 
lasted the longest.

The genotypes G1P[8] and G4P[8] had the highest number of vomiting episodes per day.
The duration of vomiting was the shortest in the NT group; all other genotypes had the du-

ration of vomiting of up to 3 days. However, the genotypes G1P[8], G2P[4], G3P[8], and G4P[8] had 
repeated vomiting episodes after administration of antiemetic medications during hospital stay.

We found that the greatest number of diarrhea episodes per day was observed in genotypes 
G1P[8], G3P[8], G4P[8], and G9P[8]. In genotypes G4P[8] and G9P[8], high frequency of diarrhea 
was observed from the very onset of the disease. The longest duration of diarrhea was observed 
in genotypes G9P[8] and G2P[8], but there were no differences in the duration of hospitalization 
between the genotypes.

We also evaluated the characteristics of stool consistency in different genotypes and the 
presence of pathological impurities. We obtained the following results. Watery stool was more 
typical of the genotypes G2P[4], G2P[8], G2 NT, while G1 P[8], G4P[8], and G9P[8] typically ma
nifested with mushy stool (p < 0.05).

We have detected and analyzed the presence of pathological impurities such as blood 
and mucus in the stool. Pathological impurities were found in genotypes G3P[8] – mucus and 
blood (33.33 % (1)), G4P[8] – blood (2.27 % (1)), mucus (6.82 % (3)), G9P[8] – mucus (20 % (1)).  
We found no pathological impurities in the stool samples of children with other genotypes. 
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The presence of pathological impurities in the stool was not associated with mixed infection. 
On the contrary, in cases where a child had a mixed infection with salmonella, campylobacter, ade-
novirus, or norovirus, this did not affect the consistency of the stool or the presence of blood in the 
stool. All cases with bloody diarrhea were classified as severe on the Vezikari scale.

Qualitative clinical manifestations, such as bloating, abdominal pain, need for surgical con-
sultation and/or surgical treatment, seizures, altered consciousness, runny nose, yawning, cough-
ing, and otitis are presented in Table 2.

Table 2 shows that children with acute rotavirus gastroenteritis with genotypes G4P[8] 
and G9P[8] were significantly more likely to require surgical consultation. Manifestations such as 
abdominal bloating and abdominal pain were more frequently observed with the genotype G9P[8]. 
We found that children with genotypes G1P[8] and G4P[8] had coughing and runny nose.

We evaluated the degree of dehydration with respect to the genotype of the rotavirus (Table 3).

Table 2
Clinical parameters in the compared groups, represented by qualitative data

Symptoms
Rotavirus genotype, % (n)

Р-value
G1P[8] G2P[4],[8], NT G3P[8] G4P[8] G9P[8]

Bloating 40(8) 50(3) 66.67(2) 54.55(24) 80(4) p > 0.05

Abdominal pain 55(11) 75(4) 66.67(2) 68,18(30) 80(4) p > 0.05

Need for surgical consultation 0 0 0 2,27(1) 20(1) p < 0.05

Seizures 0 0 0 0 0

Refusal to eat 100(20) 100(6) 100(3) 97,73(43) 100(5) p > 0.05

Reduced physical activity 85(17) 100(6) 66,67(2) 84.09(37) 60(3) p < 0.05

Altered consciousness 0 0 0 0 0

Pharyngeal hyperemia 60(12) 50(3) 66,67(2) 59,09(26) 40(2) p > 0.05

Coughing 10(2) 0 33,33(1) 18,18(8) 0 p > 0.05

Runny nose 10(2) 0 0 9,09(4) 0 p > 0.05

Otitis 0 0 0 0 0 p > 0.05

Total, n 20 6 3 44 5 78

Table 3
Degree of dehydration in compared groups

Degree  
of dehydration

Rotavirus genotype, %
Р-value

G1P[8] G2P[4],[8], NT G3P[8] G4P[8] G9P[8] NT NT

Mild 53.57(15) 44.44(4) 40(2) 28.81(34) 57.14(4) 100(1) р > 0.05

Moderate 32.14(9) 44.44(4) 60(3) 44.92(53) 42.86(3) 0 р > 0.05

Severe 14.29(4) 11.11(1) 0 26.27(31) 0 0 р > 0.05

As shown in Table 3, genotypes G1P[8] and G9P[8] accounted for the largest portion of  
cases with mild dehydration and received only oral rehydration solution. In the G4P[8] genotype, 
there were more cases of moderate and severe dehydration, which required infusion therapy. 

In our study, all children with moderate and severe dehydration received oral rehydration 
solution along with infusion therapy. The infusion therapy for all groups lasted for one day.

To assess the severity of clinical manifestations of rotavirus gastroenteritis, the Vesikari 
scale was applied.
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Having analyzed the particularities of clinical manifestations for various genotypes on the 
Vesikari scale, we saw that only genotype G1P[8] led to mild cases (3.57 %), while all other gen-
otypes led to moderate or severe disease. The genotypes that were the most widespread, G1P[8]  
and G4P[8], led to a moderate course of the disease in 14.29 % (4) and 13.56 % (16) cases, respec-
tively, and to a severe course of the disease in 82.14 % (23) and 86.44 % (102) cases, respectively.

4. Discussion
Half of all AGEs in Kyiv were due to rotavirus infection. A slightly lower percentage (40.1 %) 

was reported by Russians in their 2009–2014 study [5]. Naturally, in countries where vaccination  
is mandatory, this percentage is much lower. 

As described by Vesikari T and Matson DO, effectiveness of vaccination against rota
virus-associated hospitalization varies from 85 to 94 %, and against severe rotavirus diarrhea –  
from 85 % to 98 % [13, 14].

The dominated genotype in Kyiv during 2014–2018 was the same as prevailed in Moscow 
in 2009 – 2014 [5].

The genotype G1P[8], the most prevalent genotype in Europe and North America[3], was 
the second most common in Ukraine.

Despite the fact that G9P[8], G2P[4] and G3P[8], were the most common genotypes in Latin 
America and China [15–17], in Ukraine these were the third and fourth commonest.

We investigated the frequency of mixed infections with bacteria and other viruses. In our 
study we received indicators less than in the world.

For example, Grimprel et al. conducted a systematic review of 173 journals published in 
English from 1989 to 2006 and found that the frequency of mixed infection ranged from 0.3 % 
to 45.5 % [18]. In Indonesia and Brazil, E. coli is the most common pathogen for mixed infection 
accompanying rotavirus; the incidence of co-infection reaches 42.5 % [11] and 16.2 %, respective-
ly [19]. In Kyiv, Ukraine the most common pathogen for co-infection was salmonella. Globally, 
the incidence of co-infection with salmonella varies from 0.5 % to 4.8 %, with campylobacter – 
from 1.0 % to 3.2 %, with norovirus – from 2.4 % to 23.5 %, and with adenovirus – from 1.0  
to 8.8 % [18]. The number of mixed infections of our study are the same only with salmonella.

Grimprel et al. reported, that the range of co-infections may reflect the local epidemiolo
gical situation, hygienic conditions, and economic development [18]. But we have not studied risk 
factors of co-infections, therefore we cannot say why these rates in Ukraine are low.

The age did not correlate with infection with specific genotypes.
When analyzing clinical manifestations, we found that vomiting was the most severe 

with genotypes G1P[8] and G4P[8] due to high frequency and repeating even after antiemetic 
drugs. All genotypes had the duration of vomiting of up to 3 days. In a study involving Indian  
children, the researchers found that the largest number of children in whom vomiting lasted longer 
than 3 days was in the G9 group (58.8 %). With the G12 type, vomiting was prolonged in 40.9 % 
of cases, while with the G2 and G1 types vomiting lasted more than 3 days in a quarter of chil-
dren (26.3 % and 24.7 %, respectively) [7]. Another study reported that children infected with the 
typeG2P[4] were older (p=0.005) and presented with a more severe vomiting (P = 0.018, 0.006)  
compared to children with G1P[8] [8]. Perhaps duration of vomiting in our study was shorter  
due to antiemetic drag administration. In the studies we analyzed, there were no indications  
for using antiemetics.

We found that the greatest number of diarrhea episodes per day and the longest duration 
of diarrhea was observed in genotypes G9P[8] unlike scientists from India [7]. Tarun Saluja et al. 
reported that genotype G1 was associated with the greatest number of diarrhea episodes per day 
and the longest duration of diarrhea in Indian children under 5 years old [7].

Despite the literature suggesting that rotavirus infection is not typically characterized by 
bloody diarrhea due to limited inflammatory response [11, 20, 21], we found pathological impuri-
ties such, es mucus and blood, in genotypes G3P[8], G4P[8].

It is known that rotavirus can have extraintestinal sites of infection and cause the corre-
sponding symptoms [22]. In our study, we investigated the neurological status of the patients, as 
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there were reports of rotavirus RNA discovered in the cerebrospinal fluid of some children with 
meningitis, encephalopathy, and encephalitis [22]. None of the participants of our study had sei-
zures or impaired consciousness. But we found that children with genotypes G1P[8] and G4P[8] 
had coughing and runny nose. In a study conducted in Indonesia, the incidence of coughing in 
children with rotavirus infection reached 28.4 %, but the authors did not investigate the incidence 
of coughing for each genotype separately.

When we assessed dehydration degrees, we also saw a difference with other studies. We 
found that genotype G9P[8] accounted for mild dehydration and children received only oral re
hydration solution. In contrast, in a study carried out in London, children with the G9 genotype were  
more likely to require intravenous rehydration [10]. In another study, genotypes G12 and G9 were 
accompanied by severe dehydration, and infusion rehydration therapy was used more frequent-
ly [7]. In our research severe dehydration associated firstly with G4 and after with G1 and G2.

We analyzed the clinical manifestations for various genotypes on the Vesikari scale, and we saw 
that only genotype G1P[8] led to mild cases. For example, in Indonesia mild cases were observed with 
genotype G2 and in the USA with G9 [9, 23]. All genotypes, which we studied, led to moderate or se-
vere disease. But the most severe disease was observed with genotype G4P[8], which was prevaluable.  
In the same time in India the most severe disease on the Vesikari scale was observed with G9, while 
in Indonesia this was with G2P[4], and in the USA – with G1, G2, and G3 [7, 9, 23].

Study limitations. The limitation of the study was the absence of outpatients, so we were 
not able to take into account patients who carried the disease at home and apparently had a mild or 
moderate course. In addition, some genotypes accounted for very few patients and therefore it is 
difficult to assess whether these or those clinical manifestations were typical for them.

Prospects for the further research. Investigate the severity of rotavirus AGE depending on 
the genotype in outpatient setting. Investigate the features of clinical manifestations of rare genotypes.

5. Conclusions
1. In Kyiv, G4P[8] was associated with the most severe course of the disease due to more fre-

quent and prolonged vomiting, prolonged febrile fever and bloody diarrhea (in 2.27 % of patients).
2. G1P[8] and G4P[8], unlike in other genotypes, were associated with characteristic ca-

tarrhal symptoms. 
3. Genotype G1P[8] in non-vaccinated children induced mild disease in 4 % of cases. 
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