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Abstract
Rotaviruses are the most important pathogenic cause of non-bacterial diarrhea in infants and children. Approximately 60% 
of hospital admissions for acute diarrhea worldwide are caused by rotavirus infection. Rotavirus infection and hospitaliza-
tion among children in China are a social burden, resulting in economic loss. The prevalence and geographical distribution 
of rotavirus genotypes is variable, partially due to population migration. Due to the unique geographical conditions and 
climate in Yunnan Province, several viruses with new genotypes have emerged, and multiple genotypes have become co-
epidemic. In this study, rotavirus infection screening and genetic characterization of epidemic strains were performed in 
149,492 infants and children admitted to hospitals in six representative prefectures in Yunnan Province between 2019 and 
2021. The prevalence of rotavirus infection was 13.39% and was highest in January and lowest in September. G9P[8] was the 
main epidemic rotavirus genotype. Other epidemic genotypes included G2P[4], G8P[8], G9P[4], G2P[8], G3P[8], G4P[8], 
G3P[4], and G4P[6]. Phylogenetic analysis revealed that locally epidemic strains were influenced by importation of strains 
from neighboring provinces and other Asian countries. These findings provide a scientific basis for rotavirus prevention 
and control and lay a foundation for preliminary studies to establish a rotavirus surveillance network in Yunnan Province.

Introduction

Rotaviruses are members of the family Sedoreoviridae that 
can infect humans and animals of all ages. They are most 
pathogenic in children under 5 years of age and in young 
animals and can cause severe acute diarrhea and death 

from dehydration, especially in areas with poor health care. 
Approximately 60% of hospital admissions of children with 
acute diarrhea worldwide are due to rotavirus infection. In 
China, the incidence of infection and rate of hospitalization 
of children due to rotavirus are 28-65% and 30-50%, respec-
tively [1–3]. According to Centers for Disease Control sur-
vey data, the average cost of an outpatient visit for rotavirus 
diarrhea in children aged under 5 years in China is 168 RMB 
(approximately 23 USD), and the average hospitalization 
cost is 3145 RMB (approximately 440 USD). Thus, rotavi-
rus diarrhea is a sizable social burden and cost. Rotavirus 
outbreaks have had a major impact on public health and 
socioeconomic development worldwide.

Rotaviruses are dsRNA viruses with a genome consist-
ing of 11 segments of dsRNA of varying lengths, encoding 
a total of six structural and six non-structural proteins [4]. 
Rotaviruses are classified into eight recognized serotypes 
(RVA to RVH) and two pending serotypes (RVI, RVJ), 
according to the immunogenicity of the VP6 protein [5]. 
The surface protein, VP7, and the spike protein, VP4, 
are components of the outer capsid of the virion and are 
also important serum-specific antigens, which are used 
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for serotype detection. Currently, serotype and genotype 
classification based on VP7 and VP4 is the most common 
typing method for rotaviruses. The genotype and serotype 
of VP7 are identified consistently, and both the genotype 
and serotype are represented as G. The VP4 serotype is 
more difficult to identify than its genotype, and P and P[n] 
are commonly used to represent the serotype and geno-
type, respectively. World Health Organization surveillance 
data show that G1 rotavirus is the most widespread in the 
world and is the dominant genotype in nearly all regions, 
followed by G9 and G8. G12 rotavirus is primarily distrib-
uted in the eastern Mediterranean region and Southeast 
Asia, and G3 rotavirus is more widely distributed in the 
Western Pacific region [6, 7].

Due to their genomic discontinuity, rotaviruses mutate 
and evolve through genetic rearrangements, recombina-
tion, and mutations rather than point mutations of single 
nucleotides [8]. When two genotypes of rotavirus carrying 
different gene fragments infect the same host at the same 
time, the newly synthesized gene fragments of each can 
randomly segregate and be packaged into the inner cap-
sid protein of the virus, thus creating a new reassortant 
virus [9]. The emergence of reassortant viruses has greatly 
enriched the genetic diversity of rotaviruses.

The prevalence and geographic distribution of rotavi-
rus genotypes are highly variable and are influenced by 
population migration. According to a 2014 report [10], 
typing results of 46,967 rotavirus cases from 81 countries 
between 2007 and 2012 showed that the most prevalent 
genotypes worldwide, in descending order, were G1P[8], 
G2P[4], G3P[8], G9P[8], G4P[8], and G12P[8]. Epide-
miological surveillance in 10 regions of China between 
April 1998 and April 2000 found a total of 1305 rotavirus 
strains, and the most prevalent genotypes, in descending 
order, were G1 (72.7%), G2 (12.1%), G3 (14.2%), G4 
(2.5%), and G9 (0.9%), with an additional 0.7% untyped 
and 3.1% mixed infections.

Yunnan Province in southwest China has 9.51 million 
children, borders several Southeast Asian countries, and is 
an important port of entry to China from South and South-
east Asia. Previous epidemiological studies have shown 
that the region is an important point of entry for viruses 
imported into China, and the genotype/subtype distribu-
tion of multiple viruses, such as HIV, hepatitis C virus, 
and dengue virus, is very complex. Therefore, this study 
was conducted to screen infants and children for severe 
rotavirus infection and perform genetic characterization of 
rotavirus strains in Yunnan Province to further understand 
the genetic diversity of rotaviruses and the genetic char-
acteristics of major epidemics in the region, as well as to 
provide preliminary information for the development of a 
provincial rotavirus surveillance network.

Materials and methods

Selected population and sample collection

In this study, infants and children under 14 years of age 
who were admitted to hospitals in six prefectures of Yun-
nan Province (Kunming, Dali, Qujing, Dehong, Lincang, 
and Pu’er) between 2019 and 2021 were screened for rota-
virus infection. This study was reviewed and approved by 
the Institutional Ethics Committee of the First People’s 
Hospital of Yunnan Province. The guardians of the chil-
dren in this study were informed about the aims of the 
study and provided oral consent. Stool samples were col-
lected within 1 h of excretion, and 1.5 g of sample was 
collected in a 1.5-mL centrifuge tube with an appropriate 
amount of isotonic phosphate-buffered saline containing a 
mixture of penicillin and streptomycin. The samples were 
mixed with the solution by trituration with a pipette and 
centrifuged at 8000 rpm for 30 min. All supernatants were 
aspirated into a new 1.5-mL centrifuge tube and stored in a 
-80°C freezer. Corresponding patient information was col-
lected, including sex, age, and method of feeding. Clinical 
information was collected, including the presence of fever, 
vomiting, or an electrolyte imbalance and the severity of 
diarrhea.

Virus antigen screening

Rotavirus antigen testing of fecal samples was performed 
using a Group A Rotavirus Test Kit (Wantai BioPharm, 
Beijing, China) according to the manufacturer’s instruc-
tions. The presence of two red bands, one in the test area 
and one in the quality control area, indicated that the sam-
ple was positive for rotavirus antigen.

VP4 and VP7 gene amplification and phylogenetic 
analysis

RNA was extracted from 140 μL of fecal suspension using 
a TIANamp Virus RNA Kit (Tiangen Biotech Co., Ltd., 
Beijing, China), and the RNA quality was assessed using 
an ultraviolet spectrophotometer. The extracted RNA 
was aliquoted and stored at -80°C until use. The VP4 
and VP7 genes were amplified by reverse transcription 
nested polymerase chain reaction (PCR) using methods 
and primers described previously [11]. PCR products 
were purified using an Agarose Gel DNA Extraction Kit 
(Takara, Dalian, China) and used for commercial sequenc-
ing (Sangon Biotech, Shanghai, China). All sequences of 
VP4 and VP7 genes of rotaviruses were submitted to the 
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NCBI GenBank database under the accession numbers 
OR059471-OR060049 and OR060050-OR060627.

All sequences of VP7 and VP4 used in this study were 
aligned using the integrated Clustal X 1.83 program, and 
neighbor-joining trees were constructed in MEGA 6.0, using 
the Kimura 2-parameter model with gamma distribution and 
invariant sites as described previously. The reliability of the 
neighbor-joining trees was assessed by bootstrap analy-
sis with 1000 pseudo-replicates. Values below 70% were 
excluded. The percentage of nucleotide sequence identity 
was calculated using an online tool (http:// www. genome. jp/ 
tools/ clust alw/).

Statistical analysis

Questionnaire data were entered using EpiData 3.0 software 
(The EpiData Association, Odense, Denmark). After error-
checking, SPSS 20.0 software (IBM Corp, Armonk, NY, 
USA) was used for statistical analysis. Continuous data are 
expressed as the mean ± standard deviation and were ana-
lyzed using analysis of variance (ANOVA). Categorical data 
are expressed as the frequency and (%), and the χ2 test was 
used for comparisons between groups. Two-tailed p-values 
less than 0.05 were considered statistically significant.

Results

Characteristics of rotavirus infection in six 
prefectures of Yunnan Province

In this study, 149,492 infants and children were screened 
for rotavirus in six cities and towns in Yunnan Province 
during the study period. Of the patients, 47% were male 
and 53% were female, and the mean age was 27.69 months, 

with a range of 1-61 months. Antigen screening for rotavirus 
revealed a prevalence of 13.4% (20,013 cases). Among all 
children, 30,935 presented with acute or chronic diarrhea, 
and 56.0% (17,324 cases) of these were positive for rotavi-
rus. Among children without diarrhea, 2.23% (2,689 cases) 
were positive for rotavirus.

Monthly statistics showed that the number of admissions 
of neonates with clinically diagnosed diarrhea was highest 
in January. The prevalence of rotavirus infection was high-
est in January (4205/12804, 32.8%), followed by February 
(26.0%), December (23.2%), and March (22.7%), and was 
lowest in September (5.5%) (Fig. 1). As shown in Figure 1, 
the curves for the number of cases of diarrhea, the number of 
cases of rotavirus infection, and the prevalence of rotavirus 
infection had a similar trend. Most of the neonatal infec-
tions (12,408, 62.0%) occurred within the first week of life, 
with 4203 (21.0%) at age 1-4 weeks, 2956 (14.8%) at age 
5-12 weeks, and 446 (2.2%) at > 12 weeks of age.

Strain genotypes and clinical characteristics

Among the 20,013 rotavirus-positive samples, a random 
sample of 3% (n = 604) of the positive samples was ran-
domly selected to determine the genotype of the virus strains 
by phylogenetic analysis of their partial VP4 and VP7 genes. 
Of the 604 randomly selected samples, the VP4 and VP7 
gene sequences were successfully obtained for 579 samples. 
Phylogenetic analysis showed that the rotavirus infections 
in infants and children in Yunnan Province included nine 
genotypes, among which G9P[8] (n = 412, 71.2%) predomi-
nated, followed by G2P[4] (n = 56, 9.7%), G8P[8] (n = 32, 
5.5%), G9P[4] (n = 21, 3.6%), G2P[8] (n = 20, 3.5%), 
G3P[8] (n = 19, 3.3%), G4P[8] (n = 10, 1.7%), G3P[4] (n = 8, 
1.4%), and one sample positive for G4P[6]. Distinct geo-
graphical distribution characteristics were observed through 

Fig. 1  Prevalence of diarrhea, 
rotavirus infection, and propor-
tion of patients testing positive 
for rotavirus by month

http://www.genome.jp/tools/clustalw/
http://www.genome.jp/tools/clustalw/
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comparative genotype analysis of epidemic strains in differ-
ent regions (Fig. 2) (p = 0.002). G9P[8] was the main epi-
demic strain in all prefectures/cities. However, the propor-
tion of G8P[8] epidemic strains in Lincang and Pu’er was 
significantly higher than that in the surrounding areas. In 
addition to G9P[8], G3P[8] was also an important epidemic 
genotype in Dali (Fig. 2).

The clinical characteristics of the different genotypes, 
including fever, vomiting, electrolyte imbalance, diarrhea, 

and extraintestinal infections, were compared. The compari-
son revealed significant clinical differences in fever, vomit-
ing, and diarrhea according to genotype. Significant differ-
ences were observed in the proportion of diarrhea caused 
by infection with different genotypes of viruses (P < 0.05), 
and G2P[4] was the genotype most likely to cause diarrhea. 
Children infected with G9P[8] and G8P[8] tended to have 
more-severe symptoms, whereas the incidence of fever and 
electrolyte imbalance did not differ significantly among the 
other genotypes (Table 1).

Phylogenetic characteristics of VP4 and VP7 genes 
of epidemic strains

In order to further describe the genetic characteristics of 
the epidemic rotavirus strains in Yunnan Province, the 579 
VP4 and VP7 gene sequences were analyzed by construct-
ing phylogenetic trees with major epidemic virus strains in 
neighboring countries and regions and worldwide. The phy-
logenetic tree showed that the VP7 gene exhibited greater 
diversity than the VP4 gene. At least 12 branches were 
observed, and there was a large genetic distance between 
the different branches. The VP4 gene was relatively con-
served, and most of the virus strains in this study had the 
P[8] genotype, whereas two strains had the P[6] genotype 
(Fig. 3a). The P[8] genotype strains in this study belonged to 
two different independent branches. The first lineage, which 
included 494 viral strains, showed closer genetic distance to 
strains from Japan and the United States, whereas the other 
lineage included viral strains that were more closely related 
to epidemic strains from India and Shandong Province in 
China.

A total of five VP7 genotypes were observed for the 
epidemic strains in this study (Fig. 3b), namely G2, G3, 

Fig. 2  Rotavirus genotype distribution in six prefectures/cities in 
Yunnan

Table 1  Clinical characteristics 
of rotavirus genotypes

Y, the number of patients with fever, vomiting, electrolyte imbalance, diarrhea, and extraintestinal infec-
tions; N, the number of patients surveyed

Genotype Total Clinical characteristics

Fever (Y/N) Vomiting (Y/N) Electrolyte 
disturbance 
(Y/N)

Diarrhea (Y/N) Extraintestinal 
infection (Y/N)

G2P[4] 71 46/52 12/60 6/61 51/69 16/71
G2P[8] 14 8/10 2/8 0/4 9/12 1/7
G3P[4] 8 3/5 – – 4/7 0/4
G3P[8] 27 20/25 7/23 3/22 17/27 3/20
G4P[6] 1 – – – 1/1 0/1
G4P[8] 8 3/8 2/8 1/7 5/8 0/6
G8P[8] 33 19/26 7/27 4/31 20/32 0/2
G9P[4] 5 2/5 1/4 0/4 3/5 0/5
G9P[8] 412 341/401 137/401 47/369 214/398 32/378
P value – 0.0078 0.0156 0.0625 0.0039 0.1250
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G4, G8, and G9. Among the strains in this study, G9 was 
the predominant genotype, followed by G2, G8, G3, and 
G4. The G9 epidemic strain exhibited a phylogenetic rela-
tionship very similar to that of P[8], with two independ-
ent branches, one very close to the strains from Korea, 
Japan, and Thailand, and the other showing a very high 
geographical aggregation, which appeared to be unique 
to Yunnan Province. The G2 epidemic strain was very 
closely related to strains reported in other provinces of 
China and in Kunming, the largest city in Yunnan Prov-
ince, with some strains exhibiting 99.4-99.9% nucleotide 

sequence identity in the VP7 gene and a high degree of 
similarity to reference strains from Zhaotong Prefecture in 
Yunnan Province as well as neighboring countries, includ-
ing Japan and Thailand. In addition, strains G3 and G4 
showed similarity to strains from other parts of China and 
from other countries, whereas strain G8 showed similarity 
to strains from Thailand and Singapore in Southeast Asia. 
Notably, the closest relatives of G3 strain PRVP7-5 in this 
study were not strains infecting humans but instead strains 
infecting pigs in the United States, and these had a long 
genetic distance from strains of other origins.

Fig. 3  (a) Phylogenetic tree of rotavirus strains based on partial VP4 gene sequences. (b) Phylogenetic tree of rotavirus strains based on partial 
VP7 gene sequences. All samples from this study are indicated by dots
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Fig. 3  (continued)
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Discussion

In recent years, bacterial diarrhea has declined dramati-
cally worldwide due to improved economic and health 
standards, but viral diarrhea caused by infection with 
intestinal viruses has become a major cause of acute gas-
troenteritis in infants and children, especially in developed 
and some developing countries. The primary viruses that 
cause acute gastroenteritis include rotaviruses, norovi-
ruses, astroviruses, hepadnavirids, and adenoviruses. In 
this study, among the 579 rotavirus-positive cases, 32 were 
positive for norovirus, with one case of genotype I, 31 
cases of genotype II, three cases of genotype IV, and two 
cases of mixed genotype II and IV infections (data not 
shown).

Rotaviruses remain the primary pathogens causing 
diarrhea in infants and children. Nearly 40,000 children 
die each year in China due to diarrhea caused by rotavi-
ruses, accounting for about 12% of all deaths in children 
under 5 years of age in China. Outbreaks of rotavirus have 
been documented in various provinces and cities in China 
[12–14]. In this study, the prevalence of rotavirus positiv-
ity among infants and children admitted to hospitals in six 
prefectures/cities of Yunnan Province was 13.39%, and 
56.00% among patients with diarrhea, which is similar 
to that previously reported in Kunming [15]. Compara-
tive analysis of the prevalence of infection in different age 
groups showed that rotavirus infection was detected in 
children of all ages, with the prevalence of infection grad-
ually decreasing with increasing age. In addition, there 
was a correlation between age and the seasonal prevalence, 
consistent with other reports [11, 12]. Although the inci-
dence of rotavirus infection varies by country and region, 
transmission is generally higher in the autumn and winter. 
Kunming has high temperatures between April and Sep-
tember. The low prevalence of rotavirus positivity and the 
high prevalence of acute gastroenteritis in children during 
these months is probably primarily due to diarrhea caused 
by bacteria. In addition, some other intestinal viruses, 
including noroviruses, astroviruses, and adenoviruses, can 
cause diarrhea, and the high prevalence of these pathogens 
makes the rotavirus prevalence lower than that of acute 
gastroenteritis.

Genotypic analysis of the local epidemic strains showed 
that G9P[8] is the predominant genotype strain in Yunnan 
Province. G1P[8], which was once epidemic worldwide, 
was not detected in this study, and G3P[8] was rare, sug-
gesting that these two genotypes are no longer epidemic 
and that they have been replaced by new genotypes. In this 
study, the epidemic rotavirus genotypes differed in differ-
ent prefectures of Yunnan Province: the G2P[4] genotype 
was sub-epidemic in western Yunnan, including Dehong 

Prefecture, whereas in Pu’er and Lincang, which are more 
southern, the epidemic G8P[8] genotype was significantly 
more prevalent. This may be related to the nomadic life-
style of the populations in these areas.

In this study, the G9 sequences in the Kunming region 
showed a high degree of similarity to sequences from East 
Asian countries, such as Korea and Japan, as well as other 
parts of China, suggesting that this virus can spread to some 
extent among neighboring countries and regions, with some 
strains becoming regionally dominant. By 1983, after its first 
discovery in the United States [16], the prevalence of G9 
rotavirus increased in some regions of the world, with the 
G9P[8] genotype also being the earliest epidemic genotype. 
In China, the G9 virus was first discovered in Yunnan in 
1998 [17] and thereafter was only reported sporadically as 
a rare genotype until 2011, when G9P[8] rapidly replaced 
G1P[8] and G3P[8] as the dominant genotype in Nanjing 
and Wuhan. G9P[8] rotaviruses subsequently showed explo-
sive growth in China in a short period of time, and the fol-
lowing two years of surveillance showed that this genotype 
dominated the epidemic in many provinces and cities across 
China. Similar to Nanjing and Wuhan, G1P[8] and G3P[8] 
were the dominant genotypes in Kunming before 2006, but 
due to a lack of epidemiological surveillance, the epidemio-
logical changes of local rotavirus genotypes and the molecu-
lar epidemiological correlates in the subsequent decade are 
unknown. The current survey showed that the G9P[8] geno-
type has become the dominant epidemic genotype in Yunnan 
Province, as it is in other provinces, and it is possible that 
this genotype has become the dominant genotype in China 
and Southeast Asia through cross-regional and cross-country 
transmission.

The G3 strain PRVP7-5 from this study showed the 
closest relationship to a virus strain reported to infect pigs 
in the United States that exhibited a long genetic distance 
from strains from other sources, suggesting acquisition of 
gene fragments of animal origin by reassortment. Rotavi-
ruses have a wide host range, and in addition to humans, 
mammals such as swine, cattle, cats, and dogs and also 
birds such as swans, pigeons, and turkeys can be infected 
with rotaviruses. Therefore, when two genotypes of rotavi-
rus carrying different gene fragments infect the same host 
at the same time, the newly synthesized gene fragments 
of each can randomly segregate and be packaged into the 
inner capsid protein of the virus, thus creating a new reas-
sortant virus [9]. The emergence of reassortant viruses 
has greatly enriched the genetic diversity of rotaviruses. 
This phenomenon is especially common in G9 rotaviruses, 
which have gradually become more prevalent in recent 
years and most often infect pigs. By 2011, at least 40 of the 
more than 50 rotavirus genotypes that have been identified 
had been found in humans [18], and multiple-reassortant 
viruses containing fragments of animal rotavirus genes 
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have been identified in affected children. Notably, these 
reassortant viruses are usually discovered because they 
cause severe diarrhea [19]. The exact mechanism by which 
these animal rotaviruses infect humans and reassort with 
human rotavirus strains needs to be investigated in depth.

This study has some limitations. Although the geno-
typed samples were selected randomly and should be 
representative of all samples, the possibility of selection 
bias cannot be ruled out. Different clinical characteristics 
have been reported with infections by different genotypes 
[14, 16]. Studies with a larger sample size are needed to 
confirm the observed differences in clinical characteris-
tics between genotypes. In this study, the small number 
of some genotypes may have introduced some bias to the 
analysis.

In conclusion, infants and children aged 0-5  years 
admitted to hospitals in selected areas of Yunnan Province 
screening for rotaviruses had a similar prevalence of infec-
tion to those in other localities in China. The predominant 
local epidemic genotype was G9P[8]. Most of the geno-
types identified in this study were closely related to geno-
types from other provinces in China and are likely to be of 
Asian or Southeast Asian origin and to have spread locally 
through population migration, similar to other bloodborne 
viruses in Yunnan Province [20–23]. This suggests a need 
for enhanced surveillance of cross-border virus importa-
tion in Yunnan Province.
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