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Abstract

Diarrhoea remains a major cause of childhood morbidity and mortality worldwide. This study
aimed to monitor the aetiology of acute diarrhoea in children in Shanghai. Paediatric outpa-
tients with acute diarrhoea were enrolled in the study from Jan 2015 to Dec 2018. Faecal
samples were collected for testing. Enteric bacteria were identified and typed by culture and
serotyping, respectively. Enteric viruses were identified by real-time PCR. Enteric patho-
gens were identified in 1572 (58.4%) of the 2692 enrolled children with acute diarrhoea.
Viruses were detected more frequently than bacteria (41.3% versus 25.0%). Nontyphoidal
Salmonella spp. (NTS) was the most common (10.3%) bacteria isolated, followed by entero-
pathogenic Escherichia coli (EPEC) (6.5%), enteroaggregative Escherichia coli (EAEC)
(6.2%), Campylobacter spp. (3.6%), enterotoxigenic Escherichia coli (ETEC) (1.1%), Shi-
gella spp. (0.2%), and enterohemorrhagic Escherichia coli (EHEC) (0.1%). Rotavirus was
the most common (16.0%) virus detected, followed by norovirus (15.5%), adenovirus
(7.2%), sapovirus (3.0%) and astrovirus (2.7%). Rotavirus, norovirus and NTS were the
major pathogens responsible for diarrhoea in Shanghainese children. Improving uptake of
the rotavirus vaccine and strengthening foodborne-pathogen prevention will aid in reducing
the burden of diarrhoeal disease in children in Shanghai.

Introduction

Diarrhoea is a major health problem in children and responsible for approximately 8.6% of
paediatric deaths worldwide [1-3]. Due to continuous improvements in sanitation, hygiene
and water supply safety, the diarrhoea-related death rate in children aged less than 5 years in
China has decreased remarkably from 4.9% in 2000 to 3.2% in 2015 [4, 5]. China is a develop-
ing country with unbalanced regional economic development and medical care systems.
Developing areas often have inadequate sanitation facilities, a lack of awareness of personal
hygiene and a shortage of well-trained health workers, which puts children in developing areas
at greater risk of diarrhoea than those in developed areas [6]. Previous studies have revealed
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that viral diarrhoea was more common than bacterial diarrhoea in developed areas compared
with developing areas in China [7]. However, continuous monitoring data for multiple enteric
pathogens are insufficient based on standardized microbiological laboratory detection
methods.

The aetiology and epidemiology of infectious diarrhoea vary by time and location. We con-
ducted a surveillance study over 4 years in paediatric outpatients with acute diarrhoea in
Shanghai to inform policies and interventions targeted at preventing childhood diarrhoea.

Materials and methods
Case definition and enrollment

This surveillance study was conducted from Jan 2015 to Dec 2018 in the outpatient clinic at
the Children’s Hospital of Fudan University, the largest tertiary paediatric teaching hospital in
Shanghai. Diarrhoea was defined as at least three abnormally loose stools in the previous 24
hours, and an episode of diarrhoea is defined as diarrhoea onset beginning after at least 7 diar-
rhoea-free days and ending when diarrhoea is not present for 7 days [8]. Acute diarrhoea was
defined as episodes of diarrhoea lasting for less than 14 days. The inclusion criteria for case
enrolment were as follows: (1) children aged <18 years old; (2) children with diarrhoeal symp-
tom onset 7 days before the hospital visit, which maximized the opportunity to identify the
responsible pathogen; (3) children who resided in Shanghai; (4) children with adequate fresh
stool specimens (at least 1 mL), which were collected for bacterial inoculation and virus detec-
tion; and (5) children who did not take antibiotics before enrolment. Children were excluded
from the study if they had a known history of inflammatory bowel disease, food allergy, mal-
nutrition, or other accompanying acute diseases.

Sample collection and laboratory methods

Paediatric outpatients with a complaint of acute diarrhoea were enrolled every Monday and
Wednesday, and the first 5-10 patients meeting the inclusion criteria were enrolled per sam-
pling day. Verbal consent was obtained by the principal investigators through a face-to-face
conversation with children’s legal guardian during sample collection. Clinical specimens and
data were approved for use in this study by the Research Ethics Committee of the Children’s
Hospital of Fudan University [(2014) No. 019].

Fresh faecal samples were collected and immediately preserved in Cary-Blair transport
media (Shanghai Comagal Microbial Technology Co., Shanghai, China). The remaining por-
tion of the stool sample was kept in Dulbecco’s modified Eagle’s medium at -4°C for virus
detection. The samples were transported to the reference microbiological laboratory at the
Changning District Center for Disease Control and Prevention within 24 hours for pathogen
detection.

The enteropathogens tested in this study include five phenotypes of diarrhoeagenic Escheri-
chia coli (DEC), nontyphoidal Salmonella spp. (NTS), Shigella spp., Campylobacter spp., Yersi-
nia enterocolitica, pathogenic Vibrio spp., Aeromonas spp., rotavirus, norovirus Group I (G I)
and Group II (G II), adenovirus, sapovirus and astrovirus. We did not include parasites and
Clostridium difficile in the test panel because these two pathogens are not common pathogens
of diarrhoea in Shanghainese children. Bacterial pathogens were identified as described in pre-
vious studies [9, 10]. Viruses were identified based on multiplex quantitative real-time PCR
using BioPerfectus kits (Jiangsu BioPerfectus Technologies Co., Ltd., Jiangsu, China). All pro-
cedures were strictly followed according to the manufacturer’s instructions. Coinfection was
defined as two or more different pathogens or different subtypes detected in one patient.
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Table 1. Demographic characteristics of enrolled outpatients with acute diarrhoea in Shanghai from 2015 to 2018 [n (%)].

2015 (n = 790) 2016 (n = 605) 2017 (n = 633) 2018 (n = 664) Total (n = 2692)
Male 481(60.9) 369 (61.0) 388 (61.3) 410 (61.7) 1648 (61.2)
Female 309 (39.1) 236 (39.0) 245 (38.7) 254 (38.3) 1044 (38.8)
Age (months)
0-5 131 (16.6) 102 (16.9) 87 (13.7) 72 (10.8) 392 (14.6)
6-11 265 (33.5) 192 (31.7) 205 (32.4) 173 (26.1) 835 (31.0)
12-35 287 (36.3) 224 (37.0) 246 (38.9) 289 (43.5) 1046 (38.9)
36-59 54 (6.8) 45 (7.4) 47 (7.4) 57 (8.6) 203 (7.5)
>60 53(6.7) 42 (6.9) 48 (7.6) 73 (11.0) 216 (8.0)
https://doi.org/10.1371/journal.pone.0249888.t001
Statistical analysis

Data were analysed using Stata software (Version 12.0; Stata Corp, College Station, TX). Odds
ratios (ORs) and 95% confidence intervals (Cls) were calculated using logistic regression anal-
yses controlled for sex to evaluate differences in the prevalence rates of specific enteropatho-
gens by age group (age >60 months was used as the reference group).

Results

A total of 2692 children with acute diarrhoea were enrolled in the study. The mean age of the
enrolled children was 21.7 months (median age, 12.7 months, range: 0.3 months- 204 months),
and 61.2% of the patients were male. The majority of enrolled children were younger than 3
years, accounting for 84.5% (Table 1).

Overall, enteropathogens were detected in 1572 (58.4%) of the 2692 enrolled cases. Rotavi-
rus and norovirus were the most frequently identified viruses with a prevalence of 16.0% and
15.5%, respectively. Ninety-seven percent of norovirus belonged to GII. Adenovirus was rela-
tively common with a prevalence of 7.2%. The prevalence of rotavirus and norovirus showed
declining trends, while the prevalence of adenovirus showed an increasing trend from 2015 to
2018. Sapovirus and astrovirus caused sporadic gastroenteritis in children (Table 2).

Table 2. The distribution of enteric pathogens in Shanghainese children with acute diarrhoea from 2015 to 2018 [n (%)].

2015 (n = 790) 2016 (n = 605) 2017 (n = 633) 2018(n = 664) Total (n =2692)

Rotavirus 142 (18.0) 105 (17.4) 107 (16.9) 77 (11.6) 431 (16.0)

Norovirus 137 (17.3) 103 (17.0) 98 (15.5) 80 (12.0) 418 (15.5)
GI 5(0.6) 3(0.5) 1(0.2) 3(0.4) 12 (0.4)

GII 132 (16.7) 100 (16.5) 97 (15.3) 77 (11.6) 406 (15.1)

Adenovirus 47 (5.9) 33 (5.5) 51 (8.1) 62 (9.3) 193 (7.2)
Sapovirus 31(3.9) 13 (2.1) 17 (2.7) 19 (2.9) 80 (3.0)
Astrovirus 12 (1.5) 8 (1.3) 26 (4.1) 27 (4.1) 73 (2.7)

Nontyphoidal Salmonella 67 (8.5) 63 (10.4) 62 (9.8) 85 (12.8) 277 (10.3)
EAEC 38 (4.8) 38 (6.3) 52(8.2) 40 (6.0) 168 (6.2)

EPEC 39 (4.9) 37 (6.1) 37 (5.8) 63 (9.5) 176 (6.5)
ETEC 8(1.0) 9(1.5) 6(0.9) 7 (1.1) 30 (1.1)
EHEC 0(0) 0(0) 2(0.3) 1(0.1) 3(0.1)
Campylobacter 44 (5.6) 15 (2.5) 15 (2.4) 23 (3.5) 97 (3.6)
Shigella 4(0.5) 1(0.2) 0(0) 0(0) 5(0.2)

Co-infection 99 (12.5) 77 (12.7) 85 (13.4) 89 (13.4) 350 (13.0)

https://doi.org/10.1371/journal.pone.0249888.t002
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Table 3. Age-specific prevalence of enteropathogens in children with acute diarrhoea.

Pathogen 0-5 months (n = 392)
n (%) OR (95% CI)
Rotavirus 38 (9.7) 1.4 (0.8-2.7)
Norovirus 17 (4.3) 0.2 (0.1-0.4)
Adenovirus 14 (3.6) 0.5(0.2-1.2)
Sapovirus 3(0.8) 0.3 (0.1-1.1)
Astrovirus 7 (1.8) 0.7 (0.3-1.9)
DEC 23 (5.9) 0.5 (0.3-0.9)
NTS 13(3.3) | 0.4(0.2-0.7)
Shigella 0(0) NA

Campylobacter 3(0.8)

0.1 (0.02-0.3)

6-11 months (n = 835)

n (%)
130 (15.6)
134 (16.0)

48 (5.7)
14 (0.17)
17 (2.0)
90 (10.8)
71 (8.5)
0 (0)
10 (1.2)

# Children >60 months of age was the reference group.

NA indicates not applicable

https://doi.org/10.1371/journal.pone.0249888.t003

OR (95% CI)
2.5 (1.4-4.3)
1.0 (0.7-1.5)
0.9 (0.5-1.7)
0.6 (0.2-1.6)
0.9 (0.4-2.1)
1.0 (0.6-1.6)
1(0.6-1.7)
NA
0.1(0.1-0.3)

12-35 months (n = 1046)

n (%)
217 (20.7)

177 (16.9)
139 (13.3)
2(0.2)
48 (4.6)

OR (95% CI)
3.5 (2.0-6.0)
1.3 (0.8-1.9)
1.5 (0.8-2.7)
1.7 (0.7-4.1)
1.5 (0.7-3.4)
1.6 (1.0-2.6)
1.6 (0.9-2.6)
NA
0.5 (0.3-0.9)

36-59 months (n = 203)

n (%)
31 (15.3)
30 (14.8)
22 (10.8)

8(3.9)

6 (3.0)
28 (13.8)
34 (16.7)

1(0.5)
18 (8.9)

OR (95% CI)
2.4 (1.3-4.6)
0.9 (0.5-1.5)
1.7 (0.8-3.7)
1.4 (0.5-4.2)
1.4 (0.5-3.8)
1.3 (0.7-2.3)
2.0 (1.1-3.8)
NA
1.1(0.5-2.1)

>60 months”
(n=216)

n (%) OR
15 (6.9) 1
35(16.2) 1
12 (5.6) 1
6(2.8) 1
7(3.2) 1
24 (11.1) 1
20 (9.3) 1
2(0.9) NA
18 (8.3) 1

NTS was the most common bacteria, with a prevalence of 10.3%, followed by enteropatho-
genic Escherichia coli (EPEC) (6.5%), enteroaggregative Escherichia coli (EAEC) (6.2%), Cam-
pylobacter spp. (3.6%), enterotoxigenic Escherichia coli (ETEC) (1.1%), Shigella spp. (0.2%),
and enterohemorrhagic Escherichia coli (EHEC) (0.1%). NTS isolates included 37 serovars,
with S. Typhimurium and Enteritidis accounting for 39.0% and 25.3%, respectively, Campylo-
bacter isolates included C. jejuni (96.9%) and C. coli (3.1%), and Shigella isolates were all S. son-
nei. None of three EHEC strains were O157:H7 or O104:H4. No Yersinia enterocolitica,
Aeromonas spp., Vibrio spp. or enteroinvasive Escherichia coli (EIEC) isolates were identified.

Compared with children aged >60 months, children aged 6-59 months had a higher risk of
rotavirus infection. Norovirus was less commonly detected in children <6 months (OR: 0.2,
95% CI: 0.1-0.4). Children aged 12-35 months had an increased risk of DEC infection (OR:
1.6, 95% CI: 1.0-2.6). Children aged <6 months were less likely to have DEC infection (OR:
0.5, 95% CI: 0.3-0.9) and NTS (OR: 0.4, 95% CI: 0.2-0.7) than those aged > 6 months. Chil-
dren <36 months were less likely to have Campylobacter infection than those aged > 36
months (Table 3).

The prevalence of enteric viruses usually peaked in autumn (September to November) and
winter (December to February), but the seasonality of adenoviruses was not apparent (Fig 1).
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Fig 1. Seasonal prevalence of viruses in children with acute diarrhoea in Shanghai.

https://doi.org/10.1371/journal.pone.0249888.9001
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Fig 2. Seasonal prevalence of bacteria in children with acute diarrhoea in Shanghai.

https://doi.org/10.1371/journal.pone.0249888.9002

Norovirus infection usually peaked from August to November, prior to the rotavirus infection
peak from November to February. The prevalence of enteric bacteria usually peaked in sum-
mer (June to August) and autumn (Fig 2).

Discussion

In this surveillance study, enteropathogens were detected in 58.4% of children with acute diar-
rhoea in Shanghai; this result was significantly higher than the national average (44.6%) based
on pooled data from 92 surveillance network laboratories [11]. The variation in the prevalence
of enteropathogens could be related to laboratory detection capacity and techniques in our
country. In addition, the epidemiological profiles of aetiological agents usually differ among
different areas. For instance, 75.2% of diarrhoeal episodes in paediatric outpatients in Vietnam
were attributable to infectious diarrhoea, with higher prevalence rates of rotavirus (41.6%) and
norovirus (17.6%) infections [12]. The overall prevalence of enteropathogens in this study was
consistent with that in a study in Salt Lake City (52%) [13]. However, the prevalence rates of
rotavirus (3.7%) and NTS (1.9%) were very low, and the prevalence of Clostridium difficile
(13.6%) was higher in Salt Lake City than in Shanghai [13]. Our findings showed that rotavi-
rus, norovirus and NTS were the major aetiological agents responsible for acute diarrhoea
annually in Shanghainese children.

The World Health Organization recommends prioritizing vaccination against rotavirus-
related diarrhoea in 2008 based on the global disease burden [14]. The disease burden imposed
by rotavirus-related diarrhoea has decreased remarkably in countries in which rotavirus vacci-
nation has been included in the national immunization programme [15]. Although the Lan-
zhou lamb-derived rotavirus vaccine has been used in China since 2001, rotavirus remains the
leading cause of diarrhoea in Chinese children [9, 11, 16]. The pentavalent rotavirus vaccine
was introduced in China in September 2018, but the coverage among young infants was very
low (personal communication with the CDC) in 2018. It is important to monitor the changing
trends of rotavirus-related diarrhoea and diarrhoeal diseases as the demand and uptake of new
rotavirus vaccines are increasing among infants in China.

The prevalence of norovirus infection was similar to that of rotavirus infection in this
study. However, the peak of norovirus-related diarrhoea usually appeared earlier than that of
rotavirus-related diarrhoea in Shanghai. Norovirus infection has replaced rotavirus infection
as the leading cause of paediatric gastroenteritis requiring medical attention in countries with
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successful implementation of rotavirus vaccination, such as the US and Nicaragua [17-19].
Human noroviruses have three genogroups (GI, GII and GIV)) and numerous genotypes
within each genogroup. It has been demonstrated that genogroup II, genotype 4 (GIL4), can
cause epidemics and sometimes global pandemics of acute gastroenteritis when a new variant
emerges after marked antigenic drift [20]. Thus, monitoring changes in the trend of norovirus
activity is important to predict the potential emergence of new GII.4 variants and other recom-
binants. Considering the public health impacts of norovirus gastroenteritis outbreaks in com-
munities, candidate norovirus vaccines are under development [21]. Adenovirus, sapovirus
and astrovirus infections accounted for 12.9% of diarrhoeal symptoms in paediatric outpa-
tients. Although the roles of these three viruses in community outbreaks are minor, they
should not be neglected because these viruses are sometimes associated with outbreaks in
semiclosed communities in all age groups [22, 23]. We observed that the prevalence rates of
adenovirus and astrovirus increased in 2017 and 2018 compared to 2015 and 2016. Whether
the shift in the prevalent serotypes was associated with increased adenovirus and astrovirus
activities should be further analysed [21, 24, 25]; additional virus serotyping could help us
understand this shifting pattern.

In this study, NTS was the third most common pathogen, accounting for 10.3% of diar-
rhoea cases, and was the leading bacterial pathogen in paediatric outpatients with diarrhoea.
Globally, NTS is an important pathogen responsible for sporadic gastroenteritis and food-
borne gastroenteritis outbreaks, and children <5 years of age are most susceptible, especially
in developed countries [26, 27]. The annual prevalence of NTS from 2015-2018 was stable,
with S. Typhimurium and S. Enteritidis predominating. Previous studies have suggested that
NTS is spread through contaminated food, including eggs, pork, chicken, beef and vegetables
[28]. Currently, the priority strategy for the control of NTS-related diarrhoea is strengthening
food safety, which has reduced the incidence of NTS-related foodborne diseases in the US and
some European countries [27, 28]. Although China had established measures to strengthen
food and environmental monitoring and management, food contamination at certain steps in
the supply chain, wet markets and supermarkets can result in NTS transmission and infection
in humans. Campylobacter infection is a leading cause of foodborne illness in the US, and the
incidence rate of Campylobacter infection in children aged 0-4 years was more than double
the overall incidence rate [29]. In Shanghai, the prevalence of Campylobacter infection in chil-
dren was relatively low, and the prevalence of shigellosis in children was extremely low. Urban-
ization and improvements in public sanitation have resulted in remarkable decreases in
campylobacteriosis and shigellosis in China, which were the most common bacterial patho-
gens responsible for diarrhoea in Chinese children in the 1990s [30]. Campylobacter infection
is usually linked with exposure to chickens and their products [31]. In 2013, the Chinese gov-
ernment started strengthening the management of live poultry markets to prevent the trans-
mission of avian influenza, potentially reducing the transmission of Campylobacter from
chickens to humans.

DEC was detected in 12.7% of Shanghainese children with acute diarrhoea, and most DEC
isolates were EAEC and EPEC, consistent with studies conducted in Israel [32]. However, our
previous case-control study conducted in 2014 did not demonstrate the pathogenic signifi-
cance of EAEC and EPEC [9]. Therefore, we are uncertain about the roles of EAEC and EPEC
as aetiological agents of infectious diarrhoea in Shanghainese children. Previous studies have
shown that ETEC is the leading cause of travellers’ diarrhoea and a major cause of diarrhoeal
disease, especially among children, in lower-income countries [33]. Interestingly, ETEC was
not a common pathogen responsible for diarrhoea in Shanghainese children, even though it is
a common cause of diarrhoea in adults in Shanghai [10]. This may be because a safe water sup-
ply and good public sanitation largely reduce exposure to ETEC in children in Shanghai, and
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young children are less likely to travel and eat outside. In addition, EHEC was rarely detected
in Shanghainese children, and highly virulent O157:H7 and O104:H4 strains were not
detected. EHEC is mainly transmitted through exposure to contaminated beef, and the O157:
H7 and O104:H4 strains are known to cause outbreaks and severe diseases [34]. Usually, beef
and medium-cooked meat are not frequently consumed by young Chinese children; thus, the
chance of acquiring EHEC infection is very low.

Conclusions

Infectious diarrhoea remains a major cause of diarrhoeal illnesses in Shanghainese children.
The disease burden of diarrhoeal illnesses will decrease with increased coverage of rotavirus
vaccination in susceptible infants and strengthened interventions targeting foodborne illnesses
in Shanghai and other areas of China. The findings of this study may aid public health policy-
makers in formulating effective strategies for the control and prevention childhood diarrhoea
in China.
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