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Abstract 

Background: Group A rotavirus (RVA) remains the main causative agent of acute diarrhea among children under five 
years in countries that have not yet introduced the RVA vaccine worldwide. Long-term and continuous monitoring 
data on RVA infection in outpatient children were lacking in Shanghai. We investigated the prevalence and distribu-
tion of RVA genotypes in outpatient children with acute diarrhea in Shanghai from 2012 to 2018.

Methods: Stool specimens of outpatient children under five years were collected from the Children’s Hospital of 
Fudan University in Shanghai, China. All the samples enrolled in this study were detected and characterized for the P 
and G genotypes of RVA were determined using the semi-multiplex RT-PCR technique.

Results: Of 1814 children enrolled with acute diarrhea and having specimens collected, 246 (13.6%) were infected 
with RVA. The highest frequency of RVA was observed in children younger than two years old (87.0%, 214/246). Year-
round RVA transmission was observed and the RVA detection rate peaked every winter and troughed in summer. 
In this study, 12 different RVA strains were identified in children. G9P[8] (49.2%, 121/246) was detected as the most 
prevalent genotype, followed by G–P[8] (22.8%, 56/246), G3P[8] (11.4%, 28/246), and G9P- (4.9%, 12/246). Although 
RVA strains detected in this study varied with the time, G9P[8] has been the most predominant circulating genotype 
since 2012. Furthermore, 12.2% (30/246) RVA positive samples were co-infected with other diarrhea viruses.

Conclusion: The present analysis showed that RVA was still a major cause of children with acute diarrhea in Shanghai 
from 2012 to 2018. A great diversity of RVA strains circulated in children with acute diarrhea with G9P[8] being the 
predominant genotype since 2012. Long-term and continuous monitoring of RVA genotypes is therefore indispensa-
ble to refine future vaccine strategy in Shanghai.
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Introduction
With the successful implementation of effective rotavirus 
vaccines worldwide, the death toll caused by rotavirus 
gastroenteritis dropped from 453,000 in 2008 to 128,000 
children in 2016 according to the estimation of the World 
Health Organization (WHO) and the Global Burden 
of Disease (GBD) [1, 2]. However, group A rotavirus 
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(RVA) remains the most common aetiological agent of 
diarrhea-associated morbidity and mortality in children 
less than 5  years of age, especially in the developing 
regions where rotavirus vaccines were unavailable [3–5]. 
Long-term surveillance for the distribution and genetic 
diversity of rotavirus is vitally important for vaccination 
policy in children under five years. Rotavirus is a non-
enveloped virus and is classified as a member of the 
family Reoviridae. The genome consists of 11 segments 
of double-stranded RNA (dsRNA) which encodes six 
viral structural proteins (VP1, VP2, VP3, VP4, VP6, 
and VP7) and six non-structural proteins (NSP1, NSP2, 
NSP3, NSP4, NSP5, and NSP6). Encompassing the 
dsRNA are 3 protein layers, the core–shell is formed 
by VP2, the middle player is composed by VP6 and the 
outer capsid consists of VP7 and VP4 proteins [11]. RV 
is classified into nine recognized species (RVA-RVI) and 
a tentative species (RVJ) according to the antigenicity of 
VP6 protein. Among those, RVA is the most widespread 
species in humans [12–14]. Traditionally, binomial 
classification of RVA is adopted based on the nucleotide 
sequence of genomic segments of the VP7 (G genotypes) 
and VP4 (P genotypes) [15].

In China, a locally manufactured, live attenuated, oral, 
lamb rotavirus G10P[12] strain vaccine, Lanzhou Lamb 
RVA (LLR) vaccine (Lanzhou Institute of Biological 
Products, Lanzhou, China) has been available since 
2000 [6, 7].This vaccine is currently not included in the 
Chinese Expanded Program on Immunization routine 
immunization schedule [8]. From 1998 to 2013, over 
40% of diarrhea hospitalizations and ~ 30% of diarrhea-
related outpatient visits in children aged < 5  years were 
caused by RVA in China [8]. In addition, the burden of 
RVA-associated diarrhea in China was enormous and 
estimated to cost about $61.4 million per year [9]. So 
far, rotavirus is still a leading cause of diarrheal disease 
among children aged < 5 years in China [3, 10]. To date, 
more than 41 G and 57 P genotypes have been detected 
in humans and other animals (https:// rega. kuleu ven. be/ 
cev/ viral metag enomi cs/ virus- class ifica tion). Globally, 
G1-G4, G9, G12 are the most common G types, whereas 
P [4] and P [8] are the most common P genotypes [9, 16]. 
Although more than 70 G and P genotype combinations 
have prevailed in humans and animals, G1P[8], G2P[4], 
G3P[8], G4P[8], and G9P[8] genotypes were the most 
common G-P genotype combinations in children infected 
with RVA through the worldwide [2, 17].

The distribution of RVA genotypes over the years in 
the same area is characterized by natural and cyclical 
genotype fluctuations [10, 18]. The new and dynamic 
epidemiological scenario reinforces the need to 
continuously document RVA prevalence in children 
with acute diarrhea. This study aimed to investigate 

the features of RVA prevalence and the molecular 
characterization of G and P genotypes among children 
with acute diarrhea in Shanghai from 2012 to 2018.

Materials and methods
Study population and fecal specimens
During January 2012 and December 2018, a total of 1814 
stool specimens were collected from outpatient children 
aged ≤ 5  years and diagnosed with acute diarrhea in 
Children’s Hospital of Fudan University in Shanghai, 
China. Acute diarrhea was defined as over three soft or 
liquid stools with or without associated symptoms such 
as vomiting, fever, and abdominal pain [19]. Enrolled 
specimens were adopted by random sampling method 
from children diagnosed with acute diarrhea. The sample 
size enrolled in each year was 144, 144, 144, 265, 313, 
423, and 381 cases from 2012 to 2018. Stool specimens 
enrolled in this study were stored at – 70 °C until further 
analysis. Demographic characteristics of children with 
acute diarrhea were collected from medical history by the 
professional involved. Informed consent was not required 
from the patients because the stool specimens were 
collected during the normal course of patient care. This 
study was approved by the Ethical Review Committee of 
Children’s Hospital of Fudan University.

Viral nucleic acid extraction
Stool suspensions were prepared as 10% (w/v) in saline 
solution. Total nucleic acid was extracted from 200 μL 
of suspensions using a TIANamp Virus DNA/RNA Kit 
(TIANGEN Biotech (Beijing) Co., Ltd.) according to the 
manufacturer’s instructions. The final viral genomes were 
eluted with 40 μL DEPC  H2O and kept frozen at − 70 °C 
for further use.

Semi‑nested multiplex RT‑PCR for RVA genotyping
All of the extracted genetic material were tested by 
semi-nested multiplex reverse transcription-polymerase 
chain reaction (RT-PCR) using type-specific primers 
for VP7-G1, G2, G3, G4, and G9 and for VP4-P[4], 
P[6], P[8], and P[9] [20]. In brief, the first amplification 
was performed using a one-step RT-PCR kit (Shanghai 
BoFeng Biotechnology Co., Ltd.) with specific primers for 
the identification of VP7 and VP4 regions respectively. 
Detailed PCR reaction process was as follows: after 
denaturation of the RNA at 97 °C for 5 min, the reaction 
were incubated on ice until reverse transcription; 
one-step RT-PCR was conducted under the following 
conditions: 30 min at 42 °C; 2 min at 95 °C; 45 cycles of 
30 s at 94 °C, 30 s at 55 °C and 1 min at 72 °C; 7 min at 
72 °C; and then 4 °C hold. The second amplification was 
conducted using the first PCR product as the template 
with G or P type-specific mixed primer to identify G 
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or P genotypes. The amplification condition was 94  °C 
for 2 min, followed by 35 cycles at 94  °C for 30 s, 44  °C 
for 45 s, 72 °C for 1 min, and with an extension at 72 °C 
for 7  min, and then 4  °C hold. The PCR products were 
electrophoresed using 2% agarose gel, the G and P 
genotypes were determined according to their respective 
product size.

Detection of HuCV, HAdV and HAstV
Viral genomic was reverse transcribed using 
PrimeScript™ II Reverse Transcriptase (Takara, 
Biotechnology (Dalian) Co., Ltd.) according to the 
manufacturer’s instruction. cDNA was amplified by 
PCR for the presence of human calicivirus (HuCV), and 
human astrovirus (HAstV). Human adenovirus (HAdV) 
was analyzed by PCR. Detailed instructions were 
conducted as described previously [20].

Statistical analysis
The results were analyzed using IBM SPSS Statistics 
version 20.0 (IBM Corp. Armonk, New York, USA) 
software package. Statistical methods were applied 
according to the characteristics of the data in this study. 
Proportions for categorical variables were compared 
using the χ2 test. Two-sided p-values of less than 0.05 
were considered statistically significant.

Results
Demographic characteristics of children
A total of 1814 stool samples were collected from 
symptomatic outpatients diagnosed with acute 

diarrhea from January 2012 to December 2018. All of 
the children enrolled in this study were younger than 
5  years. Diarrhea cases were further distributed into 
the following five age groups: 0–6  months (n = 414; 
22.8%), 7–12  months (n = 837; 46.1%), 13–24  months 
(n = 258; 14.2%), 25–36  months (n = 105; 5.8%) and 
37–60  months (n = 200; 11.0%). Among the pediatric 
patients, 62.1% (1126/1814) were males and 37.9% 
(688/1814) were females.

Prevalence of RVA in children
Overall, 13.6% (246/1814) samples were positive for 
RVA detected by semi-nested multiplex RT-PCR. 
From 2012 to 2018, the detection rate of RVA were 
17.4% (25/144), 9.7% (14/144), 17.4% (25/144), 14.7% 
(39/265), 11.8% (37/313), 15.8% (67/423) and 10.2% 
(39/381), respectively. RVA infection was detected in all 
age groups with the most prevalence of RVA infection 
occurring in children aged from 7 to 12 months (16.3%, 
136/837), followed by children in the age group of 25 to 
36 months (16.2%, 17/105) and 13 to 24 months (14.7%, 
38/258). The detection rate of RVA in children distrib-
uted to the same age group was varied during 2012 and 
2018 (Fig. 1). A similar frequency of RVA was observed 
in both males (13.3%, 150/1126) and females (14.0%, 
96/688) diarrhea cases (χ2 = 0.146, P = 0.703). In this 
study, the seasonal distribution of RVA had an obvious 
seasonal pattern. RVA positive detection rate peaked 
every winter and trough in summer from 2012 to 2018 
(Fig. 2).

Fig. 1 Age distribution of group A rotavirus (RVA) detected in outpatient children per year in Shanghai
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Distribution of G and P genotypes of RVA
During the study period, 76.0% (187/246) RVA positive 
cases were characterized as G genotypes and the rest 
(24.0%, 59/246) were non-typeable. Among the definite 
G genotypes, G9 (58.5%, 144/246) was the most widely 
circulating genotype in children with acute diarrhea fol-
lowed by Gx (22.8%, 56/246), G3 (12.2%, 30/246), and 
G1 (2.9%, 7/246) (Fig.  3A). Among P genotypes, 94.3% 
(232/246) RVA positive samples were successfully geno-
typed and 5.7% (14/246) samples werenot typed. P[8] 
remained to be the most frequent P genotype (86.6%, 
213/246), followed by P[4] (7.3%, 18/246) and P[6] 
(0.4%,1/246) (Fig. 3B).

In G/P combinations, 12 different RVA strains were 
identified in this study. G9P[8] (49.2%, 121/246) was 
detected as the highest prevalence genotype, followed 
by GxP[8] (22.8%, 56/246), G3P[8] (11.4%, 28/246), 
G9P[x] (4.9%, 12/246), G9P[4] (4.5%, 11/246), G1P[8] 
(2.8%, 7/246), G2P[4] (2.0%, 5/246), GxP[4] (0.8%, 2/246), 
G2P[x] (0.4%, 1/246), GxP[6] (0.4%, 1/246), G3P[4] (0.4%, 
1/246) and G3P[x] (0.4%, 1/246) (Fig. 4).

Distribution of RVA genotypes among children in different 
age groups
During the 7 years of the study, RVA strains infected in 
children aged ≤ 2  years were much more diverse com-
pared with that in other age groups of children. In this 
group from 0 to 24  months, 11 different RVA strains 

were detected. Only 5 different RVA strains were iden-
tified in children over 2  years. GxP[8] was the most 
prevalent genotype in infants aged from 0 to 6  months 
(45.0%, 18/40) while this strain was the second prevalent 
genotype in children aged from 7–12  months (19.3%, 
26/135), 13–24 months (21.1%, 8/38) and 37–60 months 
(11.8%, 2/17). G9P[8] was the most common strain 
in children aged from 7–12  months (49.6%, 67/135), 
13–24  months (47.4%, 18/38), 25–36  months (68.8%, 
11/16) and 37–60 months (70.6%, 12/17). G3P[8] was the 
third common strain in children aged from 0 to 6 months 
(12.5%, 5/40), 7 to 12 months (10.4%, 14/135) and 13 to 
24 months (15.8%, 6/38) (Fig. 5).

Co‑infection of RVA with other diarrhea viruses 
among children
Among the 246 RVA positive samples detected in 
this study, 12.2% (30/246) RVA positive samples were 
co-infected with other diarrhea viruses. Dual infection 
with RV and HuCV accounted for 60.0% (18/30), 
followed by RVA and HAstV (26.8%, 8/30), and RVA and 
HAdV (10.0%, 3/30). In addition, a triple-infection (RVA 
co-infected with HAstV and HAdV) was also observed in 
this study and this child aged 3 months. Mixed infections 
were more likely detected in males (90.0%, 27/30) than 
in females (10.0%, 3/30). Furthermore, 66.7% (20/30) of 
the infections were mixed infections among infants aged 
7–12 months (Table 1).

Fig. 2 Monthly distribution of RVA detected in outpatient children in Shanghai
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Fig. 3 Yearly distribution of G genotypes (A) and P genotypes (B) of RVA among outpatient children with acute diarrhea in Shanghai

Fig. 4 Yearly distribution of G/P combination genotypes of RVA among outpatient children with acute diarrhea in Shanghai
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Discussion
The current study provides valuable content on the 
prevalence and genotypes distribution of rotavirus in 
infants and young children with acute diarrhea from 
2012 to 2018 in Shanghai. In our study, RVA is a com-
mon cause of diarrhea among children with acute diar-
rhea under 5  years old. This study detected a 13.6% 
(246 of 1814) prevalence of RVA infection in outpatient 
children with acute diarrhea, ranging from 9.7 to 17.4% 
in a fluctuation status during 2012 and 2018. This find-
ing may be associated with the sampling method used in 
this study. The prevalence of RVA infection in children 

with acute diarrhea reported in this study is comparable 
with the results of Brazil from 2018 to 2019 (12%), Japan 
from 2015 to 2018 (19.7%), Hangzhou from 2017 to 2018 
(17.3%), Chengdu from 2009 to 2014 (17.5%), Kunming 
from 2014 to 2015 (21.8%), Shanxi province from 2015 to 
2019 (20.3%) and Beijing from 2011 to 2016 (20.8%), but 
lower than that in Chongqing from 2011 to 2015 (30.46%) 
and Southeast Asia from 2008 to 2018 (40.8%) [2, 21–28]. 
In the 7-year sentinel-based surveillance of RVA across 
China, the detection rate of RVA in high-income regions 
(11.2%) was similar to that in our study (13.6%) and lower 
than that in upper- and lower-middle-income regions 

Fig. 5 Age distribution of G/P combination genotypes of RVA among outpatient children with acute diarrhea in Shanghai

Table 1 Co-infection of RVA with other diarrhea viruses in outpatient children

n: RVA positive number; m: constituent ratio of RVA infection

Mixor single infection Positive (n, m%) Gender (n, m%) Age (n, m%)

Male Female 0–6 7–12 13–24 25–36 37–60

RV + HAdV + HAstV 1 (0.4) 1 (0.7) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

RV + HuCV 18 (7.3) 18 (12.0) 0 (0.0) 2 (5.0) 14 (10.3) 2 (5.3) 0 (0.0) 0 (0.0)

RV + HAdV 3 (1.2) 2 (1.3) 1 (1.0) 0 (0.0) 2 (1.5) 1 (2.6) 0 (0.0) 0 (0.0)

RV + HAstV 8 (3.3) 6 (4.0) 2 (2.1) 2 (5.0) 4 (2.9) 0 (0.0) 1 (6.0) 1 (6.7)

RV 216 (87.8) 123 (82.0) 93 (96.9) 35 (87.5) 116 (85.3) 35 (92.1) 16 (94.0) 14 (93.3)

Total 246 (100.0) 150 (100.0) 96 (100.0) 40 (100.0) 136 (100.0) 38(100.0) 17 (100.0) 15 (100.0)
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(30.3% and 36.8%) [10]. We postulated that the difference 
in detection rate in RVA infection may be associated with 
the detection method used, geography, classification of 
economies, and status of RVA vaccination in children in 
the world. By comparison of the detection rate of RVA 
with that of norovirus referred from our previous paper, 
we come to the conclusion that RVA may have decreased 
to be the second cause of acute diarrhea in outpatient 
children in Shanghai [19].

Available data in this study suggest that RVA was 
detectable in children of all age groups, and 87.0% of 
RVA infection was detected in children aged ≤ 2 years. In 
accordance with the study in Beijing from 2011 to 2016, 
Kunming in 2015, and southwest in China from 2014 to 
2015, RVA infection was more common in children aged 
from 7 to 12  months than that in children aged from 0 
to 6  months [21, 22, 29]. This phenomenon could be 
related to the protective maternal immunity against RVA 
obtained in children less than 6  months [30]. However, 
Generally, the consensus for optimized immunization 
schedules to maximize the efficacy of an RVA vaccine 
is to vaccinate before RVA gastroenteritis occurs and 
before a sizeable proportion of the target population 
acquires natural infection [31, 32]. Taking all of this for 
consideration, the current immunization schedule of 
LLR in children who receive one dose per year for three 
consecutive years between the ages of 2 and 35 months 
may not be optimal [33]. As in previous studies in China, 
RVA infection in children has an obvious seasonal 
epidemic with the highest detection rate in the cold 
season [10, 32]. Meanwhile, the susceptibility of RVA 
between males and females was unclear in this study.

Worldwide epidemiological research on rotavirus 
specified that the most common G types are G1-G4, 
G9 and G12. However, altered trends of RVA genotype 
distribution have been detected over time in the same 
area [2, 10, 34]. Previous studies on children infected 
with RVA in China showed that G3 and G1 were the 
most prevalent G genotype before 2010. Sentinel-based 
surveillance reported that G9 has been becoming a 
robust common G genotype in children with acute 
diarrhea in China since 2011 [3, 10, 20]. Similar results 
were found in our study, G9 has played a predominant 
role in children infected with RVA since 2012 with 
a proportion of 58.5% from 2012 to 2018. However, 
studies reported in other Asia counties, including the 
Philippines from 2013 to 2015, Tunisia from 2015 to 
2017, and Bangladeshi from 2014 to 2019, found that 
G1 was still the most predominant genotype in children 
infected with RVA [35–37]. According to data on the 
distribution of rotavirus genotypes in Japan from 2015 to 
2018, G9 prevailed gradually after the introduction of RV 
vaccines [2]. Although the number of LLR vaccine doses 

administered in China has been increasing from 2000 
to 2015, more and deep research is still needed on the 
relationship between the LLR vaccine and RVA evolution 
[33]. Compared with G genotypes, the prevalence of 
P genotypes was relatively stable in children with acute 
diarrhea in Shanghai. The data of our present study 
remain consistent with many other studies worldwide, 
and P[8] (86.6%) was the most frequent genotype 
followed by P[4] (7.3%). In contrast to studies where 
P[8] was the most prevalent genotype, studies in India 
observed P[6] as the most predominant VP4 genotype 
followed by globally common P[8] and P[4] genotypes.

In this study, 12 different RVA strains were identified 
in children with acute diarrhea. The total proportion 
of G9P[8], G-P[8], and G3P[8] were as high as 83.33% 
in all RVA strains in the study. Although RVA strains 
varied with the time, G9P[8] (49.2%) was the overall 
predominant strain in Shanghai from 2012 to 2018, which 
is consistent with other areas in China [21, 24, 26, 28, 38]. 
It’s worth noting that G-P[8] (22.8%) replaced G3P[8] 
(11.4%) and became the second prevalent genotype in our 
study. The reason for a higher number of non-typeable 
could be due to point mutations, genetic rearrangements, 
reassortment events, and interspecies transmission 
[39–41]. Our data imply that it is necessary to update 
our typing method with the addition of new primers to 
characterize multiple genes of non-typeable RVA strains 
and get a more comprehensive understanding of RVA 
epidemiology. The circulation of G3P[8] (11.4%) and 
G1P[8] (2.8%) which were major epidemic strains in 
Shanghai before 2011, had a marked decrease during this 
study [20, 42]. Although LLR has been commercialized 
in China since 2000, several studies performed after 
commercialized showed that the vaccine efficacies of 
LLR against any genotype RVA gastroenteritis (RVGE) 
ranged from 35.0 to 73.3% around China [43]. Another 
oral human-lamb reassortant trivalent (G2-G3-G4) 
vaccine (LLR3) against RVGE caused by any serotype 
showed that the vaccine efficacies of LLR3 ranging from 
56.6 to 74.0% in a phase III clinical trial. Moreover, LLR3 
also showed a 70.3% efficacy against G9 sever RVGE [44]. 
Considering the constantly changing of RVA genotypes 
in children in Shanghai, LLR3 may be a more promising 
vaccine compared with LLR. Continuous monitoring of 
RVA genotype is indispensable to guide RVA vaccination 
strategies in children in Shanghai.

Furthermore, we also analyzed the distribution of 
RVA genotypes among children in different age groups. 
However, data on this aspect is lacking in other literature. 
Our research found that RVA strains detected among 
children in different age groups were varied. RVA 
strains infected in children aged ≤ 2  years were much 
more diverse compared with that in other age groups. 
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Moreover, a total of 12 different RVA strains were 
detected in children aged from 0 to 12  months, which 
implicated that this age was more likely to be infected 
by different RVA strains. Similar results were reported 
in Nampula Province [45]. In addition, we also found 
that GxP[8] strain was the most prevalent genotype in 
children aged from 0 to 6  months. Due to the lack of 
corresponding research, the cause of this phenomenon 
still needs more monitoring and in-depth analysis in the 
following years.

Compared with our previous study from 2010 to 
2011 (30.7%), the proportion of co-infection with other 
diarrhea viruses in this study (12.2%) showed a marked 
decrease (Lu et  al. 2015). In line with an earlier study, 
dual infection of RVA and HuCV was the predominant 
circulating combination in children (Lu et  al. 2015). 
Interestingly, mixed infections of diarrhea viruses were 
much more prevalent in males (90.0%) than in females 
(10.0%) in Shanghai from 2012 to 2018. However, as far 
as we know that no correlation between gender and the 
infection of diarrhea viruses was reported in previous 
studies. In accordance with the variety of RVA strains 
detected in children aged from 7 to 12  months, over 
half of the mixed infections also circulated in this age 
group. These results suggest that children aged from 7 
to 12 months may be more susceptible to different RVA 
strains and other diarrhea viruses.

Study limitations
Because the clinical characteristics that we could obtain 
from the integrated hospital information system were 
limited, the clinical significance of diarrhea viruses 
infections in children was not described in this study. 
RVA genotypes were detected by traditional semi-nested 
multiplex RT-PCR in the present study, therefore, point 
mutation, genetic rearrangements, and reassortment 
events in the evolution of RVA could not be analyzed.

Conclusion
Our longstanding outpatient-based surveillance provided 
insight into trends in RVA infection. RVA was still a 
major cause of children with acute diarrhea in Shanghai 
from 2012 to 2018. A great diversity of RVA strains 
circulated in children with acute diarrhea with G9P[8] as 
the predominant genotype since 2012. In the meantime, 
we need to pay more attention to children aged from 7 
to 12  months who were more susceptible to RVA and 
mixed infections with other diarrhea viruses. Overall, 
maintaining the rotavirus surveillance system will be 
important to assess the changing profile of the RVA 
cases as these will be the key to better management of 
preventive strategies such as vaccination.
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