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Background: This study aimed to determine the disease burden and strain dis-
tribution of rotavirus in children with diarrhea <5 years old in Suzhou, China.
Methods: The study was conducted among children with diarrhea <5
years old at Suzhou University Affiliated Children’s Hospital from 2013 to
2019. Rotavirus antigen was detected in clinical laboratory and then sent
to Suzhou Centers for Disease Control and Prevention for further molecu-
lar analysis. Group A rotavirus (RVA) was detected through enzyme-linked
immunosorbent assays, and G-genotype and P-genotype of RVA were tested
using reverse transcription-polymerase chain reaction.

Results: Of a total of 198,130 children with diarrhea, 70,813 (35.7%) were
positive for RVA; RVA-related diarrhea was detected in 7798 (20.7%, n =
7798/37,710) inpatients and 63,015 (39.3%, n = 63,015/160,420) outpatients.
Most children (92.0%, n = 65,171/70,813) positive for RVA were found as chil-
dren <3 years old. Children 12-35 months old were reported as the highest prev-
alence among all age groups. The seasonal peak of RVA was in the autumn and
winter. Among all 673 RVA strains genotyped, the G9P[8] strain was reported
to be persistently predominant in the pediatric population from 2013 to 2019.
Conclusions: The burden of diarrhea disease due to rotavirus infection
remains high in Suzhou.
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Diarrhea has been found as the second leading cause of death in
children <5 years of age, causing approximately 500,000 deaths
annually worldwide.? In such an age group of children, rotavirus
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(RV) has been reported as the single most common cause of severe
diarrhea, which is estimated at 10 million severe cases and 118,000
to 183,000 deaths each year.' Despite the decreasing number of
deaths due to diarrhea, RV is still the major global cause of diarrhea-
related morbidity and mortality in children <5 years of age.* Group
A rotavirus (RVA) is known as the most important pathogen that
causes infective diarrhea in infants.> RVAs fall into G and P types
in accordance with the sequence diversity of the genes encoding the
outer viral proteins VP7 (glycoprotein) and VP4 (protease-sensitive
protein).®” From the global perspective, 5 strains, that is, GIP[8],
G2P[4], G3P[8], G4P[8] and G9P[8], have caused most of the severe
diarrhea illness in children in most nations over the past few years.®

Most of RV deaths are reported in Asia and sub-Saharan
Africa.® In 2013, World Health Organization (WHO) Position
Paper on Rotavirus Vaccines recommended that RV vaccines should
be covered in all national immunization programs and considered a
priority, particularly in nations with high RV gastroenteritis-related
fatality rates (eg, south and south-eastern Asia and sub-Saharan
Africa).!” Currently, there are 4 WHO prequalified RV vaccines.
Besides the globally available RotaTeq (Merck & Co., Inc, West
Point, PA, USA) and Rotarix (GlaxoSmithKline Biologicals SA,
Rixensart, Belgium), Rotavac (Bharat Biotech, Hyderabad, India)
and Rotasiil (Serum Institute of India, Pune, Maharashtra, India)
have been licensed and manufactured in India, and prequalified by
WHO in 2018.%!" RV vaccines were introduced in 108 countries
by the end of 2019, and global coverage was estimated at 39%.'
In China, one of the high-burden nations for diarrhea,'* however,
RV vaccination has not been included into the national immuniza-
tion program thus far. RotaTeq, one of international RV vaccines,
was licensed for use in China in the middle of 2018. Moreover,
there was a domestic vaccine (the Lanzhou lamb rotavirus vaccine
[LLR], the Lanzhou Institute of Biological Products, Lanzhou,
China) licensed in China in 2000, but this vaccine cannot be cov-
ered in the Expanded Program on Immunization due to the lack
of reliable data of LLR protection on childhood RV infections. In
Suzhou, consistent with the overall situation in China, oral RV vac-
cines have served as category Il vaccine (other vaccines adminis-
tered voluntarily by citizens at their own expense, compared with
the first type vaccine provided free of charge by the government),
and 2 RV vaccines (RotaTeq and LLR) are licensed for use.

In China, there has been a lack of studies on RV infectious
diarrhea in children with large samples and accurate descrip-
tions of the disease burden in this area. To inform policy makers
on RV diarrhea prevention and promote the integration of medi-
cal treatment and prevention to reduce diarrhea attributed to RV
in children, a retrospective analysis was conducted on long-time
routine surveillance of children <5 years of age with RV infection
in Suzhou University Affiliated Children’s Hospital (SCH). This
study obtained the prevalence, seasonality and strain diversity of
RV infection among diarrhea children <5 years of age in Suzhou
using data generated by the hospital information system and elec-
tronic medical records of SCH from 2013 to 2019.

www.pidj.com | 375


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gmzhao@shmu.edu.cn
www.pidj.com

Shen et al

The Pediatric Infectious Disease Journal e Volume 41, Number 5, May 2022

MATERIALS AND METHODS

Study Site and Population

Suzhou is known as a major city located in Eastern China.
It has a population of approximately 10.7 million, with about 65%
registered residents, and a Gross Domestic Product per capita
up to 24,000 US dollars in 2017." SCH is a 1500-bed hospital
with estimated 1.9 million outpatient and 70,000 inpatient visits
annually.” This hospital is the only tertiary hospital for children
in Suzhou. This retrospective hospital-based observational study
was conducted from January 2013 to December 2019 at SCH. The
year-round diarrhea surveillance was conducted among children of
inpatient, outpatient and emergency departments. Patients visiting
the SCH were registered and then screened for the eligibility of
inclusion by attending practitioners. WHO recommendations were
used to define diarrhea as =3 passages of watery, loose, mucoid or
bloody stools within a 24-hour period.' Children consistent with
the case definition of diarrhea were eligible for inclusion. The sam-
ple size of eligible patients for the whole hospital was nearly 30,000
per year. Multiple samples taken from the same patient were con-
sidered duplicates if collected in the same hospitalization or in case
of a time-lapse of shorter than 28 days between 2 samples. Attend-
ing doctors in the hospital decided when, whom, in what hospi-
tal setting and how many children would be recruited. However,
whether an eligible patient actually had a stool specimen that can
be retained to detection ultimately determined whether the child
was included. To account for the seasonal study, spring was defined
as March to May, summer was defined as June to August, autumn
was defined as September to November and winter was defined as
December to February in Suzhou.

This study was approved by the Institutional Review Board
of the School of Public Health, Fudan University.

Data and Specimen Collection

The data of inpatient and outpatient departments of diar-
rhea cases were identified from January 2013 to December 2019
using data from the hospital information system and the electronic
medical record. The information collected primarily consisted
of demographics (eg, sex, date of birth and address) and clinical
information (eg, signs/symptoms, date of specimen collection and
diagnosis of RV laboratory test result). For children diagnosed as
diarrhea on an outpatient basis, samples were included and tested
in accordance with the diagnosis and treatment needs of clinicians
and the practical situation of the presence or absence of stool speci-
mens of the children. After recruitment, whole stool was collected
in a sterilized container without preservative and then stored at
—20 °C till RV screening and strain characterization. RV antigen
was detected in clinical laboratory of SCH, and further RV strain
typing was performed by Suzhou Centers for Disease Control and
Prevention (Suzhou CDC). Using the unified surveillance program,
Suzhou CDC regularly detected specimens of children <5 years of
age with diarrhea from SCH, which were distributed evenly every
month. From June to September, no less than 20 specimens would
be collected from hospitalized children every month. In other
months, no less than 25 specimens would be collected per month,
and at least 300 specimens of hospitalized children would be col-
lected throughout every year. Outpatient/emergency department
would collect 20 specimens of children per month and 240 speci-
mens every year.

Laboratory Testing

The SCH has 2 locations in the city of Suzhou, each of
which has outpatient, emergency and inpatient departments. In
addition, each respective location has its own laboratory for RV
testing. A standardized method and an operation procedure were
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adopted by all laboratories for RV testing and characterization of
strains, which were validated before initiating surveillance. RVA
were detected directly in stool samples through enzyme-linked
immunosorbent assays (ProSpecTTM Rotavirus kit; Oxoid Ltd,
Basingstoke, United Kingdom), according to the manufacturer’s
instructions. Then further G- and P-genotyping of RVA strains were
detected through multiplex reverse transcription-polymerase chain
reaction for enzyme-linked immunosorbent assay-positive samples.
Viral nucleic acid was extracted from the respective specimen with
the Viral RNA/DNA Kit (Geneaid Biotech, Taipei, Taiwan) or the
QIAamp Viral RNA Mini Kit (Qiagen, Valencia, CA) following
the manufacturers’ instructions. The primers employed in G- and
P-genotyping polymerase chain reactions and detection procedures
have been described extensively.!”!®

Statistical Analysis

In this study, the data from children under 5 with diarrhea in
SCH were analyzed. Prevalence of RV was calculated by dividing
the number of children that detected positive for RV by the total
number of children tested. To express the seasonal pattern of RV
infection and provide a sense of when RV occurs relative to all-
cause diarrhea, we accounted for the positive number and nega-
tive number of children who detected for RV infection in different
months. We performed ? tests or Fisher exact tests for categorical
variables, as well as Wilcoxon rank-sum or Kruskal-Wallis tests for
continuous variables, as appropriate. The data analysis was con-
ducted using R version 4.0.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria)."”

RESULTS

Characteristics of Patients

From January 1, 2013, to December 31, 2019, 198,130
cases of diarrhea children <5 years of age were admitted in
total to the SCH and included in our study. Among these cases,
160,420 (81.0%) were recruited at outpatient settings and
37,710 (19.0%) were recruited at inpatient settings. Fecal sam-
ples of hospitalized children with diarrhea were tested at a rate
of over 95%. Almost all outpatients, indeed having a stool speci-
men for detection were recruited. Among children included,
118,405 (59.8%) patients were male and most children’s diar-
rhea mainly occurred under 2 years old (see Table, Supplemental
Digital Content 1, http://links.lww.com/INF/E653). Moreover,
the majority of infant diarrhea occurred in the autumn and win-
ter seasons.

Prevalence and Seasonality of Rotavirus Infection

Overall, RVA was detected in 70,813 children (35.7%).
Children 24-35 months of age had the highest positive per-
centage in RVA tests compared with other age groups (41.3%,
n = 11,416/27,674, P < 0.001). For pediatric outpatients with
diarrhea, the highest prevalence of RV reached 45.3% in children
24-35 months of age. However, the prevalence of RV in hospital-
ized children was peaked at 23.8% in children 0—5 months old and
decreased with age groups. RV also showed slightly higher prev-
alence rates in male children compared with female (35.9% vs.
35.5%; P < 0.05). Moreover, RVA was more frequently detected
among children attending an outpatient department than children
visiting an inpatient setting (39.3% vs. 20.7%; P < 0.001). The
seasonal peak of RVA activity was in winter months (50.7%), and
significant difference of prevalence between different seasons was
observed (P <0.001) (Table 1).

In this study, peak RV infection (68.9%) was reported in
November 2017, and its prevalence showed obvious seasonality;

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 1. Frequency of Group A Rotavirus Detected in Children With Diarrhea in Suzhou, 2013-2019, Stratified by
Departments
All Patients Outpatient Inpatient
Characteristics No. Detected No. Positivity,(%) P No. Detected No. Positivity,(%) P No. Detected No. Positivity,(%) P
Total 198,130 70,813 (35.7) 160,420 63,015 (39.3) 37,710 7798 (20.7)
Gender 0.040 0.007 0.622
Male 118,405 42,534 (35.9) 95,524 37,783 (39.6) 22,881 4751 (20.8)
Female 79,725 28,279 (35.5) 64,896 25,232 (38.9) 14,829 3047 (20.5)
Age groups (mo) <0.001 <0.001 <0.001
0~5 48,618 16,842 (34.6) 33,330 13,197 (39.6) 15,288 3645 (23.8)
6~11 49,562 16,704 (33.7) 43,884 15,452 (35.2) 5678 1252 (22.1)
12~23 51,765 20,209 (39.0) 44,660 18,762 (42.0) 7105 1447 (20.4)
24~35 27,674 11,416 (41.3) 23,258 10,542 (45.3) 4416 874 (19.8)
36~47 10,707 3352 (31.3) 8143 3007 (36.9) 2564 345 (13.5)
48~59 9804 2290 (23.4) 7145 2055 (28.8) 2659 235 (8.8)
Season <0.001 <0.001 <0.001
Spring 36,974 12,339 (33.4) 28,230 10,491 (37.2) 8744 1848 (21.1)
Summer 50,150 12,762 (25.4) 42,120 11,613 (27.6) 8030 1149 (14.3)
Autumn 56,804 18,252 (32.1) 47,225 16,444 (34.8) 9579 1808 (18.9)
Winter 54,202 27,460 (50.7) 42,845 24,467 (57.1) 11,357 2993 (26.4)

the seasonal peak of RV diarrhea occurred from October to January
of the following year, compared with the peak of all-cause diarrhea
since June or July (Fig. 1). Despite the monthly infection peak is
known to vary from year to year, and from region to region, RV
peak is usually between September to February of the following
year in China.

Distribution of Rotavirus Strains

On the whole, 673 isolates were genotyped from 2013 to
2019 by Suzhou CDC. For the G types studied, 644 (95.7%) had a
single G specificity, 17 (2.5%) achieved mixed G specificities and
12 (1.8%) were not be assigned any G-type specificity. Moreover,
for P types, 664 (98.7%) isolates had a single P specificity, 5 (0.7%)
had mixed P specificities and 4 (0.6%) were unable to assign any
P-type specificity. Among the 644 isolates with a single G specific-
ity, the most common G-type detected was the G9 strain (n = 566,
84.1%), while the remaining 11.6% (n = 78) of the single G-type
detected isolates were constituted by the 4 common strains, G1, G2,
G3 and G8. In the meantime, P[8] and P[4] together constituted sin-
gle P-type detected isolates in this study. Among 664 isolates with
a single P specificity, P[8] (n = 635, 94.5%) was the most common
P-type. Regardless of mixed infections and nontypeable strains, the
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strain combination of G9P[8] accounted for 82.8%(n = 557/673) of
all detected RV strain combinations (Table 2).

From 2013 t0 2019, RVA strains circulating in Suzhou among
children <5 years old changed from year to year, but G9P[8] was
persistently predominant in the population of this study (Fig. 2).

DISCUSSION

With the use of large-scale, long-term clinical surveillance
data, this study tested RV infection and strain diversity among chil-
dren <S5 years of age in Suzhou, stressing the importance of routine
surveillance, as an attempt to more effectively identify priorities
for intervention and predominant strains to guide relevant vacci-
nation activity. This study had a large sample size and accurately
described the disease burden of RV infection in children <5 years
old in Suzhou.

As revealed by our monitoring results, in Suzhou, over one-
third of childhood diarrhea was correlated with RV infection, and
the prevalence of RV in outpatients was higher than that in inpa-
tients, respectively, taking up 39.3% of outpatient visits and 20.7%

of hospitalizations due to diarrhea in children under 5. The results
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FIGURE 1. Monthly distribution of rotavirus detection among children <5 with diarrhea.
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TABLE 2. Genotype Distribution of Rotavirus Detection
Among Children <5 in Suzhou (January 2013—-December
2019)

P-type

G-type P[4] P[8] P mix Pnt Total (%)
G1 3 28 0 0 31(4.6)
G2 21 3 0 0 24 (3.6)
G3 0 22 0 0 22(3.3)
G8 1 0 0 0 1(0.2)
G9 3 557 3 3 566 (84.1)
G mix 0 15 2 0 17 (2.5)
G nt 0 11 0 1 12 (1.8)
Total (%) 28 (4.2) 635(94.5) 5(0.7) 4(0.6) 673(100.0)

nt indicates nontypeable.

other previous reports, demonstrating that the RV prevalence in
inpatients was higher.*** This is likely because the outpatient set-
tings included the general outpatient and emergency in our data, so
the number of children with diarrhea in outpatient visits was signif-
icantly larger than that in hospitalization. Moreover, most children
have mild symptoms with diarrhea, which probably accounted for
why parents preferred visiting an outpatient clinic.?* Some children
with severe diarrhea were treated with antivirals in the outpatient
department and then hospitalized for further treatment, which
resulted in a certain proportion of duplication of outpatient and
inpatient cases. Because vaccine effectiveness against severe dis-
ease is generally higher than the vaccine effectiveness against less
severe disease, the existing RV vaccination in Suzhou may have
prevented more severe cases to a certain extent. As indicated by
the Suzhou CDC, the RV vaccine coverage of children (the third
dose in 5 rounds/the number of vaccines that should be received
at 8 months of age) in Suzhou reached 4.77% in 2019. The over-
all percentage of RV infection of diarrhea cases detected in this
study (35.7%) was slightly higher than that national data previously

0.75-
0.50-
0.25-

2013 2014 2015 2016

observed (30.0%),?? suggesting that the disease burden of diarrhea
due to RV infection in Suzhou was consistent with or slightly higher
than the national level. Of the total RV infections that occurred in
children, 92% were detected in children < 35 months, and children
24-35 months of age achieved the highest prevalence of RV among
all age groups in this study. This result might be correlated with
the increased cross-infection of older children in nurseries or care
facilities. WHO recommended that the first dose of the RV vaccine
(RotaTeq) should be administered at 612 weeks of age and the last
dose at a maximum age of 32 weeks.' In addition, the LLR vaccine
is recommended for children 2-36 months old, and the first dose
should be administrated in 12 weeks of age.?* This is favorable for
the vaccine to confer full protection for young children before their
risk of infection becomes high. On the other hand, slightly signifi-
cant difference in the prevalence of RV infection between male and
female children was observed. In other words, the prevalence of RV
in male children was slightly higher than that in female, which is
consistent with previous reports.?>%

The onset of diarrhea in children caused by RV infection
had obvious seasonality.?® Hospitalizations for RV diarrhea after a
cold or dry month tended to be more common than those after a
warm or wet corresponding calendar month.”” RV infection showed
a strong seasonal peak in colder, drier months, as seen in other
Asian nations.? In this study, the highest prevalence of RV infection
occurred in November or December, and January, generally comply-
ing with the epidemic seasons of RV infection in China that varies
slightly with regions, mainly in autumn and winter.?> However, the
season of all-cause diarrhea was peaked from summer, so which one
of various pathogens is the most responsible for disease is difficult
to determine, since it varies with locations and time of years.** As
reported by existing studies, weather in different seasons can sig-
nificantly drive diarrheal pathogen transmission.*® It is noteworthy
noting that the seasonality of the results was indicated to vary signif-
icantly around 2016, which might be correlated with the establish-
ment and completion of a new branch area of the SCH from 2015
to 2016. The new branch area of hospital would expand the range of
new medical services to a certain extent. There were also differences

Strains

G7P[7]
G7P[8]
GIP[4]
GIP[S]
G2P[4]
G2P[8]
G3P[8]
GSP[4]
GOP[7]
GOP[4]
GOP[8]
GOP[mix]
GmixP[8]
GmixP[mix]

2017 2018 2019

FIGURE 2. Rotavirus strains distribution among children <5 in Suzhou, 2013-2019.
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in the types of epidemic strains in different nations. Globally com-
mon combinations of epidemic strains include G1P[8], G2P[4],
G3P[8], G4P[8] and G9P[8].*3! On the whole, the prevalent strains
in China are consistent with those around the world, whereas G9
became the predominant G-genotype after year of 2011.22 G9P[8]
has been the most prevalent strain in China.*> This was also true
in this study; although the RV strain circulating in the pediatric
population changed unpredictably from year to year, G9P[8] is still
the most dominant single strain of RV infection among children
<5 years of age in Suzhou, with certain persistence from 2013 to
2019.% The first emergence of GOP[8] was in the 1980s,” and then
GO9P[8] has spread worldwide, which gained predominance in sev-
eral nations (eg, Thailand, Ghana, Australia,?>*** as well as China’®).
The 2 globally licensed vaccines (ie, RotaTeq and Rotarix) contain
the P[8] component,’ thereby making them demonstrate protective
efficacy against G9P[8]. Furthermore, there are efficacy and effec-
tiveness data of the mentioned 2 vaccines for GOP[8], thereby dem-
onstrating that the vaccines above are highly effective against this
strain.’”*® Researches further focusing on effective vaccines against
circulating RV strains should be conducted subsequently.

This study has several limitations. First, this is a retrospective
study and the stool samples of children with diarrhea were collected
and investigated before our research and analysis, so our surveil-
lance protocol was not developed in advance of the implementation
of monitoring. Second, Suzhou’s only tertiary care children’s hos-
pital was selected as the surveillance site to estimate prevalence of
RV infection in children <5 years of age, while there are other gen-
eral hospitals in Suzhou which provide inpatient and outpatient care
to pediatric diarrhea patients. At the same time, population-based
rates for RV-related diarrhea were not readily available, owing to
the lack of population denominators in this study. Third, some fac-
tors in the process of data inclusion and collection can introduce
unpredictable biases. For instance, different health-seeking behav-
iors of pediatric patients, subjective judgment of clinicians on when
and whom to sample and a sampling scheme not predetermined
could have yielded patterns in the data that do not represent the true
burden and epidemiological features of RV. Fourth, since children
with a stool specimen for detection were ultimately included, this
study failed to show difference in severity or age between the chil-
dren who had a stool collected and those without a stool collected,
whereas both of the mentioned could greatly impact the positive
proportion of RV. Nevertheless, the large sample size collected over
a long time in this study might, to a certain extent, offer some relief
to the concerns above. We were devoted to make great efforts to
further improvement of the surveillance scheme attributes based on
these aspects. Finally, the historical information of vaccine usage
for the diarrhea children in this study was not collected, so the vac-
cine efficacy could not be assessed here.

In brief, the burden of diarrhea disease due to RV remains
high in economically developed areas in China (eg, Suzhou). Chil-
dren 12-35 months of age are more likely to suffer from diarrhea
due to RV infection, and the peak of RV infection occurred in the
autumn and winter. Our results support the inclusion of RV vaccine
in the national immunization program to mitigate RV burden. Con-
tinuous surveillance of RV strain evolution is required to ensure
that currently marketed vaccines have protective efficacy against
current circulating and antigenically distinct strains in China and
the global health community. Furthermore, more efforts should be
made to facilitate the integration of medical treatment and preven-
tion for reducing RV infection and promoting RV vaccination.
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