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Methods: Etiologically diagnostic data from 45 937 and 67 395 patients with acute diarrhea between
2012 and 2020, who were tested for seven viral pathogens and 13 bacteria respectively, were analyzed
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Acute diarrhea Findings: Test positive rates of all enteric viruses decreased during 2020, compared to the average levels

Eg\gf'w during 2012-2019, with a relative decrease of 71-75% for adenovirus, 58<76% for norovirus, 53<50% for
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rotavirus A, and 72+07% for the combination of other four uncommon viruses. In general, a larger reduc-
tion of positive rate in viruses was seen among adults than pediatric patients. A rebound of rotavirus A
was seen after September 2020 in North China rather than South China. Test positive rates of bacteria
decreased during 2020, compared to the average levels during 2012—2019, excepting for nontyphoidal
Salmonella and Campylobacter coli with 66-53% and 90-48% increase respectively. This increase was larger
for pediatric patients than for adult patients.
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Interpretation: The activity of enteric pathogens changed profoundly alongside the NPIs implemented
during the COVID-19 pandemic in China. Greater reductions of the test positive rates were found for
almost all enteric viruses than for bacteria among acute diarrhea patients, with further large differences
by age and geography. Lifting of NPIs will lead to resurgence of enteric pathogen infections, particularly
in children whose immunity may not have been developed and/or waned.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context
Evidence before this study

We searched PubMed on July 21, 2021 with the terms of
(“COVID-19” or “SARS-COV-2") and (“prevent” or “intervention” or
“control” or “restriction”) and (“norovirus” or “rotavirus” or “aden-
ovirus” or “astrovirus” or “sapovirus” or “diarrheagenic Escherichia
coli” or “nontyphoidal Salmonella” or “Vibrio parahaemolyticus”
or “Campylobacter jejuni” or “Campylobacter coli” or “Shigella” or
“Aeromonas hydrophila” or “Plesiomonas shigelloides” or “Yersinia en-
terocolitica” or “Vibrio cholerae” or “Vibrio fluvialis” or “Vibrio mimi-
cus” or “Yersinia pseudotuberculosis”) for articles published after Jan
1, 2020. Our search found a total of 301 research papers, among
which six studies which focused on comparing enteropathogens
activity during vs. prior to the COVID-19 pandemic. Among them,
five studies revealed consistent decline of norovirus incidence dur-
ing COVID-19 epidemic, and one focused on the decline of en-
terovirus and Shigella. These studies covered some of geographic
regions of Australia, Philadelphia, England, Germany, the United
States, and Israel. In China, however, where COVID-19 pandemic
was brought under control quickly and effectively, the population-
level effects on common enteric pathogens in the post-COVID-19
era was unknown.

Added value of this study

The current study, by using the nation-wide longitudinal data
on the etiological surveillance of acute diarrhea related to twenty
common enteropathogens in China during the past nine years from
2012 and 2020, explored the changed pattern in enteropathogens
spectrum after COVID-19 pandemic. We found that the spread
and seasonality of almost all these viruses were interrupted dur-
ing 2020, particularly during weeks 5-15 when stringent and
widespread NPIs were active. However, rebound was found for ro-
tavirus A during Phase IV (after September 2020) in North China.
In contrast to most other enteric pathogens, the activity of nonty-
phoidal Salmonella (NTS) was elevated to higher level than the his-
torical levels consistently during COVID-19 year, especially when
most NPIs were lifted and schools were reopened. This increase
was larger for pediatric patients rather than adult patients, sug-
gesting that they will be particularly susceptible to a rebound in
infections as containment strategy restrictions are eased. Parents
and school administrators should be alerted to this risk, and more
frequent and meticulous hand hygiene and mask-wearing should
be advocated during school hours.

Implications of all the available evidence

Understanding how the transmission dynamics of enteric
pathogens coevolve with SARS-CoV-2 is an integral part of assess-
ing the broad impact of COVID-19 pandemic and associated inter-
ventions on global health. These time-dependent findings might
not be unique to China, which might enhance the understanding

of the indirect impacts of COVID-19 on enteric pathogen infections
in other countries where COVID-19 is still circulating and may fa-
cilitate effective contingency plans for future infection control.

Introduction

Since its emergence in 2019, SARS-CoV-2 has spread rapidly and
caused over 169 million cases and 3-5 million death of the coro-
navirus disease 2019 (COVID-19) globally by 1 June 2021 [1]. Al-
though global numbers of both cases and deaths continued to de-
crease over the past weeks from the end of April, 2021, there are
still increases in many global regions such as Africa and South-
East Asia, and wide concern is mounting due to outbreaks and re-
bounds caused by SARS-CoV-2 variants, e.g., Alpha, Beta, Gamma
and Delta [2]. Progress in controlling the pandemic has been
slowed by the emergence of these variants that appear to be more
transmissible and may escape control by both vaccine-induced and
convalescent immune responses [3,4]. Thus, although SARS-CoV-2
vaccines are now available, non pharmaceutical interventions (NPI)
continue to play an important role in reducing the transmission of
COVID-19 globally [5,6]. NPIs including social distancing, increased
hand hygiene, mask-wearing, surface decontamination, travel re-
strictions, and school closures effective for reducing SARS-CoV-2
transmission should also be effective for other viral pathogens. The
effect of these strategies in reducing infectious diseases had been
demonstrated in different countries or regions, but mainly for res-
piratory viral infections, such as influenza and respiratory syncytial
virus [7-12]. Pathogens with other transmission modes, e.g., gas-
trointestinal, sexually transmitted or even vector-borne diseases,
could have been affected, due to the changes in human movement
and associated behavioral patterns. For instance, reported cases of
enteroviruses had been greatly reduced in England since COVID-
19 control measures were introduced [13]. To plan preventive pro-
grams for common infectious diseases in the post-pandemic era, it
is necessary to understand the broad impact of the nonpharmaceu-
tical interventions on the pathogens other than SARS-CoV-2.

China was among the countries that had applied nationwide
NPIs at the early epidemic. Since the fourth week of January, 2020,
accompanying the block of Wuhan city [14,15], massive interven-
tions including the isolation of the confirmed/suspected cases and
quarantine of close contacts, even the strict and unprecedented
measures like closure of school and entertainment venues, banning
of mass gathering activities, have been implemented across China
to contain the spread of COVID-19 [16]. At the individual level, the
use of facemasks and hand washing at public areas had been en-
couraged widely in China. The effect of this on the transmission
dynamics on other infections remained rarely investigated.

Here we focused on acute diarrhea disease, with the aim of ex-
ploring its national patterns of transmission during and after the
first epidemic of COVID-19 in China. We extracted data from a
National-based prospective surveillance of acute diarrhea in China
that was run between January 2012 and December 2020. Using
these data the intensity and timing of enteric pathogen activity,
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alongside the NPIs implemented during the COVID-19 pandemic
were investigated.

Methods
Data collection and epidemiological description

A nationwide surveillance for acute diarrhea program was im-
plemented by the Chinese Center for Disease Control and Preven-
tion (China CDC) beginning in 2009, testing a spectrum of com-
mon contagious pathogens causing acute diarrhea, year round, in
31 provinces [17]. A case of acute diarrhea was defined as with
presence of >3 passages of watery, loose, mucus-, or bloody-stools
within a 24-h period. By the end of 2020, data from 134 sentinel
hospitals located in 27 provinces were aggregated and used for this
analysis. Seven viral pathogens were tested from the stool spec-
imens, briefly, enzyme-linked immunosorbent assay was used to
test rotavirus A antigen, and G and P genotyping was performed
by reverse transcription-polymerase chain reaction (RT-PCR). Poly-
merase chain reaction (PCR) or RT-PCR were used to test norovirus,
adenovirus, astrovirus, sapovirus, rotavirus B and rotavirus C. Thir-
teen bacterial pathogens were tested by performing isolation with
or without enrichment procedures at the first step. For Yersinia
enterocolitica (Y. enterocolitica), Yersinia pseudotuberculosis (Y. pseu-
dotuberculosis), diarrheagenic Escherichia coli (DEC), Campylobac-
ter jejuni (C. jejuni) and Campylobacter coli (C. coli), the isolation
was subsequently tested by PCR, and for nontyphoidal Salmonella
(NTS), Vibrio parahaemolyticus (V. parahaemolyticus), Vibrio cholerae
(V. cholerae), Vibrio fluvialis (V. fluvialis), Vibrio mimicus (V. mimi-
cus), Aeromonas hydrophila (A. hydrophila), Plesiomonas shigelloides
(P. shigelloides) and Shigella, the isolation was subsequently tested
by biochemical and serological assays [18]. A detailed description
of the assays were provided in the Supplementary Material (Ap-
pendix p 2). The National Health Commission of the People’s Re-
public of China decided the study was part of continuing public
health surveillance following national surveillance guidelines; par-
ents/guardians of participants in this study were only required to
provide brief verbal consent during their enrollment, which was
recorded in each questionnaire by their physicians. This project
and the above procedure for obtaining consent were approved by
the ethical review committee of China CDC (2015-025).

To demonstrate the impact of NPIs on the circulation patterns
of the pathogens, we defined four periods according to the time-
line of major intervention events for containing the COVID-19 epi-
demic in China: Phase I was defined as from January 1-January 22
without massive NPI, Phase II as from January 23-April 7 when
Wuhan city was lockdown, Phase III as from April 8-August 31
when nationwide NPIs was relaxed while school closure main-
tained, and Phase IV as from September 1-December 31 when
schools were re-opened (Appendix p 4). To attain a controlled
comparison with historical level, we define phases II-IV in 2020 as
During-COVID-19, and the corresponding phases of the preceding
eight years from 2012 to 2019 as Pre-COVID-19. Age standardized
positive rate of each pathogen was contrasted between During-
COVID-19 and Pre-COVID-19. The age-standard positive rate was
calculated based on two age groups (children group of 0-17 years
old, the adult group of >18 years old), and the percentage change
were compared between During-COVID-19 and Pre-COVID-19, sub-
group analysis was also made for data disaggregated by age, sex
and geographic region. Percentage change of positive rate was cal-
culated as: 100% x [(PRy(k) — PRy(k)]/PRyo(k) where the k indi-
cated the phase we defined above, the PRy(k) indicated the av-
erage positive rate during phase k in 2012—-2019, and PRy (k) in-
dicated that of 2020. Due to small numbers of positive detec-
tion for astrovirus, sapovirus, rotavirus B and rotavirus C, these
four viruses have been combined as “others” in the comparison
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between During-COVID-19 and Pre-COVID-19. Similarly, the eight
bacteria including V. cholerae, V. fluvialis, V. mimicus, A. hydrophila,
P. shigelloides, Shigella, Y. enterocolitica and Y. pseudotuberculosis also
have been combined in the analysis. The age standard positive
rate was ranked for each enteric pathogen for Pre-COVID-19 and
During-COVID-19 respectively.

Statistical analysis

Monthly positive rates were plotted and fitted with generalized
linear models (GLM) to quantify the impact of the COVID-19 re-
lated NPIs in different phases for five selected enteric pathogens,
including three viruses (Norovirus, Rotavirus A, and Adenovirus)
and two bacteria (DEC and NTS), stratified by age group and ge-
ographic regions. Those (15 viruses and bacteria) without positive
detection in more than one phases were excluded in this analysis
due to failure to model convergence for the beta-binomial distribu-
tion applied [19]. The periods were redefined for the monthly data,
with phases II-IV corresponding to February-March, April-August
and September-December respectively. The number of monthly
positive cases were assumed to follows beta-binomial distribution.
This distribution accounts for overdispersion and also consider the
limited numbers of tested specimens when the data are grouped
by region and age groups [20,21]. We observed smaller case num-
ber in the years of 2016 and 2017 when compared with other
surveillance years (949 in 2016 and 1 616 in 2017 vs. average of
6 196 cases that were subject to all viruses tests, 4 995 in 2016
and 4 186 in 2017 vs. average of 8 317 cases that were subject to
all bacteria test), therefore the data during 2016 and 2017 were ex-
cluded from GLM analysis, due to inadequate sampling size for the
temporal trajectories of monthly positive rates. Dummy variables
were introduced to the corresponding phases, e.g., coded A was
set for all the months before February 2020 when nationwide NPIs
started; coded B for Phase II from February to March 2020; coded
C for Phase III from April to August 2020 when nationwide NPIs
appropriately relaxed while school closure maintained; coded D
for Phase IV from September to December 2020 when schools re-
opened. Seasonality was accounted for using sinusoidal functions
with both annual and semiannual cycles [22]. We reported expo-
nentiated regression coefficients as seasonality-adjusted odds ra-
tios (OR). Statistical significance was evaluated with two-sided and
p-values at the level of @ = 5%. Time series of annual positive rates
were plotted for the subtypes of norovirus and DEC from 2012 to
2020. In order to attain a controlled comparison between periods
with and without NPIs, we herein defined the start of each year as
from Jan 23, the date of lockdown of Wuhan City in 2020. Coinfec-
tion pattern was determined for Pre-COVID-19 and During-COVID-
19 epidemic, respectively. All statistical analysis was performed us-
ing R statistical software (version 4.0.3).

Role of the Funder/Sponsor

The funders had no role in the design and conduct of the study;
collection, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and decision to
submit the manuscript for publication. The corresponding author
had full access to all data in the study and had final responsibility
for the decision to submit for publication.

Results
Overall change of recruited patients
Etiologically diagnostic results and epidemiological data of 45

937 patients with acute diarrhea who were tested for all seven vi-
ral pathogens during 2012-2020 were used for analysis. The an-
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Fig. 1. Percent change of viral test positive rate in the During-COVID-19 year 2020 compared to the average incidences in the Pre-COVID-19 years 2012-2019 for each
of three predefined periods and stratified by age, sex and region. (A) Overall; (B) Children <18 years old (solid bars) vs. adults >18 years old (unfilled bars); (C) Male (solid
bars) vs. female (unfilled bars); (D) North (solid bars) vs. South (unfilled bars). Red and blue bars indicate positive and negative percent changes, respectively. Statistically

significant changes were marked with asterisks.

to 21-32%, p=0-85) in Phase III, and by 19-42% (from 14-78% to
11-91%, p=0-018) in Phase IV. Significant decrease of positive rate
from Pre-COVID-19 to During-COVID-19 epidemic was noted for
DEC (by 39+27% from 7-41% to 4+50%, p<0+0001) and other bacte-
ria combined, however increase was observed for NTS (by 66+53%
from 4-90% to 8+16%, p<0-0001), and C. coli (by 90-48% from 0-21%
to 0-40%, p=0-041). Importantly the decrease of DEC and increase
of NTS were seen during all three phases, with the greatest extent
of increase seen in phases III (65-74%, p<0+0001) and IV (6265%,
p<0-0001) (Table 1, Fig. 2A). The ranking of bacteria was also al-
tered, with NTS having taken over DEC to become the top listing
bacterial enteric pathogen During-COVID-19. The commonly seen
bacteria, V. parahaemolyticus, was detected with comparable levels
for During-COVID-19 and Pre-COVID-19 epidemic, while C. jejuni,
C. coli, and V. cholerae had increased their ranking, and shigella, A.

hydrophila, and P. shigelloides had dropped in the order of bacteria
(Appendix p 8).

Further subtypes of DEC revealed an altered genotype com-
position during COVID-19. Two of the three predominant geno-
types, EAEC and ETEC were tested with reduced activity, while
EPEC was increased instead, thus leading to their ranking change
during COVID-19, i.e., EPEC > EAEC > ETEC (Appendix p 9).

Change pattern of positive rates by age, gender and geographic
regions

Subgroup analysis revealed the extent of reduction for
norovirus, adenovirus and rotavirus A differed according to age and
geographic regions, but not for gender. More reductions were ob-
served among adults rather than pediatric patients for all three
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Fig. 2. Percent change of bacterial test positive rate in the During-COVID-19 year 2020 compared to the average incidences in the Pre-COVID-19 years 2012-2019 for
each of three predefined periods and stratified by age, sex and region. (A) Overall; (B) Children <18 years old (solid bars) vs. adults >18 years old (unfilled bars); (C)
Male (solid bars) vs. female (unfilled bars); (D) North (solid bars) vs. South (unfilled bars). Red and blue bars indicate positive and negative percent changes, respectively.

Statistically significant changes were marked with asterisks.

viruses (Fig. 1B). Both norovirus and rotavirus A were observed
with significant reduction in Southern China (Fig. 1D). For the
other uncommon viruses, the reduction of their combined positive
rate showed no significant difference regarding age, gender or ge-
ographic regions (Fig. 1B-D). When three phases were separately
analyzed, the change patterns were largely consistent between the
two sexes and among age groups, displaying uniform decrease of
activity during phases II- IV. Regional differences were observed,
however, in that the activity of rotavirus A resurged in Phase IV in
the north region of China, by contrast with a sustained decrease in
the South China (Fig. 1B-D).

The change patterns of bacterial activity also differed to some
extent among age groups between Northern China and Southern
China. For example, the increase of NTS was observed with higher

extent in pediatric patients over adult patients, in females over
males, or in southern over northern China (all p<0+050, Fig. 2B-
D). The reduction of DEC was observed with greater extent among
adult than pediatric patients, in North China than South China, and
among female patients than male (all p<0-050). The reduction of
V. parahaemolyticus significant occurred in North China (Fig. 2B-D).
When phases were separately displayed, different phases showed
different change patterns, and more rebound was observed during
Phase III. A resurge was found in NTS and C. coli during Phase III
among age group, with more pronounced change among children
than adults (Fig. 2B). The increase of NTS activity occurred sig-
nificantly in both regions during Phase III, but only among South
China during Phase IV (Fig. 2D), which was mostly attributable to
the resurgence for the adults in the Phase IV.
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Coinfection pattern

The coinfection rate of two or more viruses decreased from
283% (1249/44 165) in Pre-COVID-19 to 0-85% (15/1 772) During-
COVID-19. The most frequent coinfection type in Pre-COVID-19 pe-
riod occurred between norovirus and rotavirus A (0-87%), followed
by adenovirus - norovirus coinfection (0-41%) and adenovirus - ro-
tavirus A coinfection (0-39%). The same the top 3 listing coinfection
type was observed in During-COVID-19, although with their ranked
reversed slightly, i.e., norovirus - rotavirus A (0-51%), adenovirus -
rotavirus A (0-13%), and adenovirus - norovirus (0-06%).

The coinfection rate of two or more bacteria was comparable
between Pre-COVID-19 and During-COVID-19 (0-93%, 598/64 604
vs. 0-90%, 25/2 791). The top listing coinfection type remained
as NTS - DEC (in 0-27% of the Pre-COVID-19 and 0.38% of the
During-COVID-19), which was followed by V. parahaemolyticus -
DEC (0-13%) and V. parahaemolyticus - NTS (0+05%) in Pre-COVID-
19, V. parahaemolyticus - NTS (0+11%) and C. jejuni - DEC (0-08%) in
During-COVID-19 (Appendix p 10, Appendix p 11).

Effects of NPIs on seasonality and activity of enteric pathogens

Generalized linear models (GLM) were fitted to temporal tra-
jectories of monthly positive rates of the pathogens by age group
(Fig. 3) and by region, South vs. North (Appendix p 12). The mod-
els based on the Pre-COVID-19 data (dashed carves) were projected
to 2020 (blue curves and the 95% confidence bands) for the hypo-
thetical scenario without the COVID-19 pandemic. Most pathogens
had clear seasonality before the pandemic, featured by the peak of
norovirus and rotavirus A in October-February, peaking of DEC and
NTS in June-August. Under the effect of adopting NPIs, the peaks
of most pathogens were suppressed or flattened except for NTS,
for which the actual activity exceeded historical levels after the re-
laxation of NPIs (Fig. 3, Appendix p 12). The historical pattern of
bimodal peaks of norovirus was clearly interrupted During-COVID-
19. Accompanied by the relax or the lift of NPIs, a rebound was
found in NTS for both age and region group, with a great extent
in Southern than Northern China, and in children than adults. Ro-
tavirus A resurged during Phase IV in Northern China but not in
Southern China (Appendix p 12).

Based on the GLMs, we re-assessed the difference in posi-
tive rate for these selected five pathogens between Pre-COVID-
19 and During-COVID-19 for each phase separately (Table 2). As
the GLMs were further adjusted for seasonality, Odds Ratios (ORs)
could better capture the effectiveness of the NPIs than do the
percent changes shown. The results between ORs and percentage
change are largely consistent, with some subtle difference (Table 2,
Fig. 1 and Fig. 2). OR of higher than 1 which indicated a resurge
was observed for rotation A (OR: 1493, 95% CI: 1-09-3-39) exclu-
sively in Phase IV among Northern China, in contrast with a sus-
tained decrease among Southern China, in Phase IV (OR: 0-12, 95%
Cl: 0-04-0-38). Decrease of norovirus was greater in adults than
children, and in Southern than Northern China. The odds of posi-
tive samples for DEC were substantially reduced in either Phase III
or Phase 1V, for both age and region group. NTS showed strong
early resurgence after the relax of NPIs on both age group and
Southern China, but appeared less pronounced on Northern China,
as the ORs were not significant.

Discussion

The current study explored the national surveillance data of
acute diarrhea related to 20 common enteric pathogens in China
during the last decade. Both the intensity and timing of enteric
pathogen activity was changed alongside the implementation and
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subsequent relaxation of NPIs in response to the COVID-19 pan-
demic.

During the COVID-19 epidemic with intense NPI implementa-
tion in 2020, patients with acute diarrhea captured by the surveil-
lance system decreased dramatically comparing with Phase I, when
NPI had not yet been massively initiated. In a consistent manner,
a study from the Emergency Department of Yale University Med-
ical School reported that the emergency department visit counts
decreased in five health care systems in five states during the first
4 months of 2020 [23]. This phenomenon might be ubiquitous and
primarily due to the change of healthcare-seeking behavior of pa-
tients, since most of the diarrhea was clinically mild, and the pa-
tients might not seek medical care for fear of being exposed to
COVID-19 or in response to the reduced access to the medical ser-
vices [24,25].

The substantial decline of norovirus in 2020 from an histor-
ical baseline rate in Pre-COVID-19 was observed, which aligned
with results from England, Germany, Australia and the United
States [13,26-28]. Our results also extended the available finding
by showing that rotavirus A, adenovirus, and DEC were likewise
reduced for their activity in 2020. This effect was ubiquitous for
most of the tested pathogens, logically supporting the role of NPIs
(e.g., social isolation, hand hygiene, face masks, school closures,
etc.) against the transmission of common enteropathogens [26-28].
Although with fecal-oral transmission route, the enteric pathogens
were likewise susceptible to most of the NPIs that were aimed to
contain the respiratory transmission. The most extraordinary ef-
fect might be exerted from the restrictions on social distancing,
and the closure of public facilities, which had significantly reduced
the risk of diarrhea from dining-out. This can be reflected by the
greater extent of reduction of viral and most bacterial pathogens
in the adults than the pediatric patients. Personal protective mea-
sures (wearing masks, hand hygiene, etc.) all effectively contained
the spread of disease by reducing the exposure to the pathogen
and reducing their load in the environment [29].

In an unexpected way, the incidence of NTS was increased
above the historical level throughout the year of 2020, with partic-
ular higher level during the phases IIl and IV. Several explanations
could be proposed. According to the Pre-COVID-19 data, higher fre-
quency of fever was presented in patients with NTS infection than
all other bacterial infection or viral infection (Appendix p 13), this
might be related to a higher probability of seeking medical care
than those with other enteric infection, thus indirectly resulting
in its increased detection During-COVID-19. Use of broad-spectrum
antibiotics during COVID-19 epidemic might be decreased, as has
been described in South Korea [30]. Therefore the NTS might be
more easily to be detected than the counterpart before the COVID-
19. On the other hand, the resurgence of NTS and the several other
enteric bacteria was observed. This might be rendered by the lift of
NPIs, especially the reopening of public facility, school reopening,
and relaxed social distance, together with the accumulation of sus-
ceptible population, all contributed to the increased transmission
of enteric pathogens [31]. This phenomenon coincided with the re-
cent finding from Australia, where the relax of COVID-19 NPIs was
followed by a sudden increase in gastroenteritis outbreaks, peaking
in November 2020 [32]. In contrast to bacteria pathogens, the ac-
tivity of most viruses remained lower than historical levels consis-
tently throughout the pandemic year, regardless of region and age
group. Although the NPIs at public level was relaxed, some NPIs at
the individual level such as mask wearing and hand hygiene were
still in place, which could be highly effective against enteric virus
which was likely to be acquired via multiple transmission routes.
Especially when considering that infectious enteric virus persists
not only on surfaces but also in aerosolization of virus-laden dust
particles [33], it is logical to deduce that viral transmission in air
can be reduced by these personal protective factors, thus result-
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Fig. 3. Observed and model-fitted monthly numbers of test positive samples by age groups. (A) Children <18 years old, (B) Adults >18 years old. Five pathogens were
investigated: norovirus, rotavirus A, adenovirus, diarrheagenic Escherichia coli (DEC), nontyphoidal Salmonella (NTS). The data from 2016 and 2017 were excluded because
of poor sampling. Different shades of dashed curves indicate observed monthly positive rates of enteric pathogens before 2020, and the observed monthly positive rates in
2020 were colored red. The model-projected trajectories in 2020 are shown in blue for the hypothetical scenario without the COVID-19 pandemic, and the 95% confidence

bands were shaded grey.

ing in the decreased detection. Based on these findings, we sug-
gest that NPI is broadly effective in reducing the incidence of acute
diarrhea - especially from viral causes. This indicates a potential
risk of marked increases in disease activity when NPIs are relaxed.
Parents, public health officials, and school officials should be made
aware of this risk.

The diversity of age distribution might reflect a natural change
in host immunity and/or dietary habit that is related to age. For
example, norovirus and DEC, two pathogens commonly acquired
by travelling or dining out, showed remarkably reduced activity
in adults compared to children. This is in line with other reports
stating that people with higher rates of social contact are more
likely to contract infections [34,35]. In general during COVID-19
pandemic, northern China had higher magnitude of decrease in

bacterial positive detection than southern China, with a reverse
pattern for viruses between the two regions. The regional varia-
tion of the pathogen changes might possibly reflect the hetero-
geneity in the level of maintaining NPIs for preventing COVID-19
resurgence or might due to the more strict NPIs that were imple-
mented in responses to the local COVID-19 outbreaks in several
north regions during phases IlI-1V, such as in Mudanjiang, Beijing,
Urumgi, Dalian, and Qingdao (Appendix p 4). The meteorological
factors (temperature, humidity and wind speed, etc.) might have
affected the incidence of enteric pathogen in a complicated way as
we have specified in our previous studies [17].

Despite the reduced overall circulation of most viruses, the
dominant genotypes of these viruses remained largely unchanged
during the pandemic. For example, the norovirus GII still consti-
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Table 2
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GLM-estimated odds ratios (OR) for the odds of a positive test between Pre-COVID-19 and During-COVID-19. Statistically
significant increases (decreases) were colored in red (blue). Children and adults were defined as 0-17 years and >18 years old,

respectively.

Phase I T Phase III Phase IV T
OR (95%CI) p value  OR (95%CI) p value OR (95%CI) p value
Region
North Viruses
Norovirus 145 (0-51-4-14)  0-49 0-47 (0-19-1-14)  0-096 1-23 (0-62-2-42)  0-56
Rotavirus A 055 (0-17-1-74)  0:31 1-62 (0-88-3-00) 0-12 193 (1-09-3¢39)  0-023
Adenovirus 082 (0-11-6+26)  0-85 053 (0-20-1-40)  0-20 0-16 (0-02-1-16)  0-070
Bacteria*
DEC 068 (0-09-5+16) 071 0-39 (0-20-0-78)  0-0081 031 (0-10-0-98)  0-046
NTS ot - 1+51 (1-00-2:30) 0052 1-64 (0-98-2+75) 0061
South Viruses
Norovirus 0-12 (0-02-0-88)  0-037 0-27 (0-13-0-58)  0-00073 031 (0-17-0-59)  0-00031
Rotavirus A 0417 (0-04-0-74)  0-017 026 (0-09-0-69)  0-0075 012 (0-04-0-38)  0-00034
Adenovirus  0F - ot - 0-70 (0-29-1+68)  0-42
Bacteria
DEC 031 (0-04-2:24) 024 0-86 (0-61-1-21) 039 031 (0-15-0-64)  0-0014
NTS 1+10 (0-32-3+77)  0-88 1-85 (1-40-2+43)  <0-0001 1+72 (1-16-2+54)  0-0070
Age groups
Children Viruses
Norovirus 060 (0-20-1-83)  0-37 040 (0-20-0-83)  0-013 073 (0-44-1-21)  0-22
Rotavirus A 035 (0-13-0-91)  0-031 0465 (0-33-1-30) 023 053 (0-29-0-99)  0-048
Adenovirus 034 (0-05-2-49)  0-29 0-19 (0-06-0-58)  0-0034 0-44 (0-17-1-10)  0-079
Bacteria*
DEC 0448 (0:07-3+53) 047 0470 (0-45-1-10)  0-122 044 (0-21-0-93)  0-031
NTS 061 (0-12-3+08) 055 1-83 (1-38-2¢43)  <0-0001 231 (1-58-3-37)  <0-0001
Adults Viruses
Norovirus 0-23 (0-03-1-69)  0-15 025 (0-10-0-62)  0-0026 0-19 (0-08-0-45)  0-00019
Rotavirus A 0 - 0-81 (0-32-2:04) 066 0443 (0-10-1-82) 026
Adenovirus ot - 023 (0-03-1-69) 015 0442 (0-06-3+19) 041
Bacteria*
DEC 0440 (0-05-2+96) 037 0+63 (0-40-0-99)  0-045 022 (0-08-0+59)  0-0026
NTS 0-83 (0-11-6-15) 086 157 (1-06-2-34)  0-025 0-97 (0-55-1+71) 092

* DEC, diarrheagenic Escherichia coli; NTS, nontyphoidal Salmonella
T Phase II: Feb and Mar of 2020, 2020; Phase III: Apr 2020 to Aug 2020; Phase IV: Sep 2020 to Dec 2020

¥ When OR=0, the 95% CI and p-value were not calculated.

tuted the majority of their genera. The reversion of top listing
DEC pathotype that were observed between EPEC and EAEC and
ETEC are more likely driven by specific dynamics of population-
level immunity profiles. Although the detection numbers of geno-
types of norovirus and some of DEC were smaller during COVID-19
than Pre-COVID-19, the dominant genotypes remained unchanged,
which was illustrative in planning for the future immunization
campaign.

Our study has several limitations. Firstly, causality between en-
teric pathogen activity and NPI measures cannot be inferred from
the surveillance data. Secondly, although the inclusion/exclusion
criteria for the testing stayed the same during the pandemic, the
total number of tests did decrease, and the profile of people who
seek medical assistance for acute diarrhea might has shifted ow-
ing to the changed healthcare-seeking behavior during the COVID-
19 pandemic, especially only the outpatients were enrolled in this
surveillance. National health facility visits were estimated to de-
crease by about 23-9% in China from January to June 2020, indicat-
ing influence from the behaviors changes for patient and provider,
suspension of health facilities or their non-emergency services, and
massive mobility restriction, which were also influenced by the
potential reduction in the risk of non-SARS-COV-2 diseases [36].
However, the reasons underlying the observed decrease in positive
detection for enteric pathogens are complicated, which warrant
further investigations to measure in a precise multi-factorial man-
ner. Thirdly, monthly data redefined for GLM did not fully reflect
the specific four periods according to the timeline of major inter-
vention events for containing the COVID-19 epidemic in China. On
the other hand, the current study had advantages that made use
of large sample size established on the same inclusion/exclusion

criteria, which allowed the adequate application of GLM to gener-
ate temporal trajectories of monthly positive rates, and estimate
the effects of NPIs stratified by age and region. This study also
shed light on more detailed analysis in specific regions, when spe-
cific policy changes to pathogen transmission could be temporally
linked.

In conclusion, the NPIs implemented in the early pandemic
greatly inhibited circulation of common enteric virus causative of
acute diarrhea, and the impact was nearly universal across demo-
graphic groups and geographic regions. Still, a less strong effect
was observed for enteric bacteria. It’s highlighted that adults might
be highly susceptible to the effect that was derived from the re-
lief of the containment strategy thus could pose as a high prior-
ity for surveillance and control of acute diarrhea. At the personal
level, behavior-based prevention measures, such as more frequent
and meticulous hand hygiene and mask-wearing should be advo-
cated as part of long-term prevention efforts beyond the COVID-
19, in order to curb the possible rebounding or outbreaks in the
post-COVID-19 era. Our findings might not be unique to China, and
therefore might enhance the understanding of the indirect impacts
of COVID-19 related NPIs on other infectious disease in other coun-
tries. Similar studies should be conducted worldwide to investigate
the generalizability of these finding and to help with for more ef-
fective control of acute diarrhea in the post-pandemic era.
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