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Background: There has been a significant decline in the morbidity of almost all

infectious diseases during the COVID-19 pandemic. However, while the incidence of

norovirus-related acute gastroenteritis declined in Guangzhou, China during the initial

period of the pandemic, incidence increased significantly once the new school year

began in September 2020.

Methods: Norovirus-related acute gastroenteritis clusters and outbreaks were assessed

in Guangzhou from 2015 to 2020. Medians and interquartile ranges were compared

between groups using the Mann–Whitney U-test, and attack rates were calculated.

Results: While 78,579 cases of infectious diarrhea were reported from 2015 to 2019,

with an average of 15,716 cases per year, only 12,065 cases of infectious diarrhea were

reported in 2020. The numbers of sporadic cases and outbreaks reported from January

to August 2020 were lower than the average numbers reported during the same time

period each year from 2015 to 2019 but began to increase in September 2020. The

number of cases in each reported cluster ranged from 10 to 70 in 2020, with a total

of 1,280 cases and an average attack rate of 5.85%. The median number of reported

cases, the cumulative number of cases, and the attack rate were higher than the average

number reported each year from 2015 to 2019. The intervention time in 2020 was also

higher than the average intervention time reported during 2015–2019. Themain norovirus

genotypes circulating in Guangzhou during 2015–2020 included genogroup 2 type 2

(GII.2) (n = 79, 26.69%), GII.17 (n = 36, 12.16%), GII.3 (n = 27, 9.12%), GII.6 (n = 8,

2.7%), GII.4 Sydney_2012 (n = 7, 2.36%), and GII.4 (n = 6, 2.03%).

Conclusions: Our findings illustrate the importance of maintaining epidemiological

surveillance for viral gastroenteritis during the COVID-19 pandemic. Local disease

prevention and control institutions need to devote sufficient human resources to control

norovirus clusters.
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BACKGROUND

The novel COVID-19 epidemic began in Wuhan city, China
in December 2019 and spread rapidly throughout the world.
Human safety and health faced a major threat. A series of
public social distancing interventions were implemented (1) that
may have implications for the management of non-COVID-
19 diseases.

Norovirus, also called the “winter vomiting bug,” is the leading
cause of non-bacterial gastroenteritis outbreaks worldwide (2),
affecting individuals of all ages. Noroviruses are responsible for
a considerable burden of viral gastroenteritis in China, especially
in people < 2 and over ≥ 65 years of age (3). Noroviruses
are highly contagious with virus shedding sometimes lasting
several weeks, however, the course of infection is self-limited, and
patients usually recover within 2–3 days (4). Transmission occurs
through the fecal-oral route, either by direct contact with infected
individuals, or contaminated surfaces, food, water, and aerosols
(4, 5). The majority of reported outbreaks in China from 2014
to 2017 occurred in school settings including primary schools,
childcare facilities, and secondary schools (6).

During the COVID-19 pandemic, there was a major decline
in the morbidity of almost all respiratory infectious diseases,
including varicella, rubella, measles (7), and influenza (8), likely
because the route of transmission is similar to COVID-19.
A total of 39 notifiable infectious diseases were reported in
Guangdong during the COVID-19 emergency response period
in 2020, a 50.7% reduction from the same period in 2015–
2019 (9). However, the incidence of norovirus-related acute
gastroenteritis only declined during the initial period. When the
school opened in September, the number of norovirus clusters
increased significantly in Guangzhou, southern China.

In this study, the annual incidence of infectious diarrhea
in Guangzhou was compared between the period before the
COVID-19 pandemic, 2015 to 2019, and the period after, 2020,
to assess whether additional strategies are required to prevent and
control the spread of infectious diarrhea.

METHODS

Data Collection
Infectious diseases causing diarrhea, including norovirus, are
regarded as class C notifiable infectious diseases in China.
Suspected and confirmed cases identified by medical institutions
must be reported to the National Notifiable Infectious Disease
Reporting Information System (NIDRIS) within 24 h. According
to the Norovirus Outbreak Management and Disease Prevention
Guidelines (2015 version) (10) compiled by the Chinese Center
for Disease Control and Prevention (China CDC) and Guidelines
for prevention and control of norovirus infectious diarrhea in
Guangdong Province (2015 version) (11), norovirus clusters
are defined as then or more cases of norovirus infectious
diarrhea (including clinical or laboratory-confirmed) occurring
in the same school, kindergarten, nursing home, natural village,
community, factory, construction site, or other collective units
within 1 week. Norovirus outbreaks are defined as 20 or
more cases of norovirus infectious diarrhea (including clinical

or laboratory-confirmed) occurring in the same school,
kindergarten, nursing home, natural village, community, factory,
construction site, and other collective units within 1 week. On
September 8, 2020, the definition was adjusted to 10 or more
cases of infectious diarrhea or vomiting occurring in the same
school, kindergarten, natural village, community, construction
site, or other collective units within 3 days in order to improve
the sensitivity of infectious disease reporting. Data on reported
cases of infectious diarrhea was obtained from NIDRIS, and
information on norovirus clusters was obtained through ongoing
daily surveillance.

Case Definition
According to the Diagnostic Criteria for infectious diarrhea
(WS271-2007) from the Chinese Ministry of Health, infectious
diarrhea is a group of intestinal infectious diseases caused
by pathogenic microorganisms, including bacteria, viruses, and
parasites, and is often characterized by diarrhea, and it only refers
to infectious diarrhea except for cholera, dysentery, typhoid,
and paratyphoid.

Data Analysis
The epidemic scale was defined as the cumulative number of
reported cases. Intervention time was defined as the time from
the first case’s disease onset to the time when intervention was
initiated. The epidemic duration was defined as the time from
the first to the last case’s disease onset. Schools start in different
batches beginning in May 2020, so the incidence of infectious
diarrhea occurring from January to April 2020 was compared
with the mean incidence occurring during the same time periods
in 2015–2019. Chi-square statistical tests were used to compare
rates. Median and interquartile ranges were compared between
groups using the Mann–Whitney U-test. Attack rates referred
to the disease incidence occurring in a short time period in
a limited area by dividing the number of new cases in the
observation period by the number of exposed individuals in the
same period (12). All statistical tests were two-sided, and P <

0.05 were considered statistically significant. All analyses were
performed using R 3.2.1 (The R Project for Statistical Computing,
Vienna, Austria).

RESULTS

Comparative Analysis of Infectious
Diarrhea Occurring in 2020 With the Prior 5
Years
While 78,579 cases of infectious diarrhea were reported to
NIDRIS from 2015 to 2019, with an average of 15,716 cases
per year, only 12,065 cases of infectious diarrhea were reported
in 2020. From January to August 2020, the number of
reported cases was lower than the average number reported
during the same time periods in 2015–2019, however, after
September 2020, the number of reported cases gradually
increased above the average level seen during the same time
periods in 2015–2019 (Figure 1). Clustered outbreaks reported
in 2020 followed a similar trend, with a lower-than-average
number reported during January to August 2020 than was

Frontiers in Public Health | www.frontiersin.org 2 January 2022 | Volume 9 | Article 785373

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Lu et al. The Rise in Norovirus-Related Acute Gastroenteritis

FIGURE 1 | The monthly number of reported cases of infectious diarrhea in Guangzhou, 2015–2020. The average annual number of reported cases of infectious

diarrhea in Guangzhou during 2015–2019 is represented by the blue dotted line. The monthly number of reported cases of infectious diarrhea in Guangzhou in 2020 is

represented by the red line.

reported during the same time periods from 2015 to 2019,
and a higher number reported after September (Figure 2).
The incidence of infectious diarrhea reported from January to
April 2020 was significantly lower than the incidence reported
during the same periods from 2015 to 2019 (χ2

= 2180.128,
P < 0.01).

Epidemiological Characteristics of
Clusters
In 2020, the number of reported cases associated with each
cluster ranged from 10 to 70 (median 18 cases), with a total of
1,280 cases and an average attack rate of 5.85%. The average
annual median number of 17 reported cases per cluster, 670
total cases, and 4.83% attack rate were all higher during 2015–
2019. The intervention time for clustered cases ranged from
0 to 11 days, with a median of 3 days, which was higher
than the average intervention time of 3 days reported during
2015–2019, but not statistically significant (P = 0.051). Only
11 (20%) of the clusters received intervention within 1 day,
26 (47.3%) within 2–3 days, and 18 (32.7%) after 3 days.
The median duration of the clusters was 13 days, which was
significantly higher than the 9 days observed from 2015 to 2019.
Among these, two clusters (3.7%) lasted <7 days, 17 clusters
(31.5%) lasted 7–10 days, and 64.8% lasted more than 10 days
(Table 1).

Molecular Characterization of Norovirus
Circulating in Guangzhou, China, During
2015-2020
Among the 296 norovirus-related acute gastroenteritis clusters,
287 (96.96%) were norovirus genogroup 2 (GII) and three
(1.01%) were norovirus GI. Four cases were infected with both
norovirus GI and GII, and two cases were infected with both
GII and sapovirus. The main norovirus genotypes circulating in
Guangzhou during 2015–2020 included GII.2 (n = 79, 26.69%),
GII.17 (n = 36, 12.16%), GII.3 (n = 27, 9.12%), GII.6 (n =

8, 2.7%), GII.4 Sydney_2012 (n = 7, 2.36%), and GII.4 (n =

6, 2.03%). Other identified strains were GI.2, GII.7, and GII.14
(Figure 3).

DISCUSSION

Norovirus activity, including both outbreaks and sporadic
norovirus infections, decreased in 2020, particularly at the
beginning of the COVID-19 pandemic. Eigner et al. (13) reported
that the reduction in norovirus infections reported in Germany
in 2020 followed the implementation of COVID-19 containment
measures. Douglas et al. (14) also reported a substantial and
sustained reduction in norovirus outbreaks during 2020 after
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
control measures were first introduced in England. The incidence
of enteroviruses and norovirus, which are transmitted primarily
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FIGURE 2 | The monthly number of norovirus clusters reported in Guangzhou, 2015–2020. The height of the blue column represents the number of clusters. The

peak occurred from November to March of the subsequent year.

TABLE 1 | Epidemiological characteristics of clusters from 2015 to 2020.

Variables 2015 2016 2017 2018 2019 2020 2015–2019 P

Epidemic scale

Median (P25–P75) 15 15.5 16 15 17 18 (14–25) 15 (12–19) 0.005

Annual average cumulative cases 1788 855 1302 995 670 1280 1122

Annual average attack rate 3.28% 5.10% 6.13% 5.07% 4.83% 5.85% 4.88%

Intervention time

Median (P25–P75) / / 2 2 3 3 (2–5) 2 (1–3) 0.051

≤1 day / / 24 (42.9%) 14 (31.8%) 8 (24.2%) 11 (20.0%) 46 (34.6%) 0.126

2–3 days / / 21 (37.5%) 21 (47.7%) 13 (39.4%) 26 (47.3%) 55 (41.4%)

>3 days / / 11 (19.6%) 9 (20.5%) 12 (36.4%) 18 (32.7%) 32 (24.1%)

The duration of the epidemic

Median (P25–P75) 9 / 8 7 10 13(9.75–17.25) 9(6–13) <0.01

≤6 days 17 (23.6%) / 18 (32.7%) 17 (41.5%) 4 (12.1%) 2 (3.7%) 56 (27.9%) <0.01

7–10 days 26 (36.1%) / 14 (25.5%) 13 (31.7%) 16 (48.5%) 17 (31.5%) 69 (34.3%)

>10 days 29 (40.3%) / 23 (41.8%) 11 (26.8%) 13 (39.4%) 35 (64.8%) 76 (37.8%)

Medians were compared using Mann-Whitney U test between the two groups of 2020 and 2015-2019. Chi-square statistical tests were used to compare the different distribution of

intervention time and the duration of the epidemic. Data of the duration of the epidemic for 2016 are unavailable and missing. The p value of 0.126 is the comparison between the three

groups of intervention time, and the p value of <0.01 is the comparison between the three groups of the duration of the epidemic.

through the fecal-oral route, declined significantly in Victoria,
Australia, in 2020 as compared to the previous decade (15).
Similarly, there was a reduction in sporadic norovirus infections
after the COVID-19 pandemic started in the United States (16).

Prior studies only reported on norovirus activity during the
early stage of the COVID-19 pandemic. Once prevention and
control became normalized, norovirus characteristics were no
longer reported. The current study describes norovirus-related
acute gastroenteritis surveillance data collected during the 6-
year period from 2015 to 2020 in Guangzhou, southern China.
The number of reported cases of infectious diarrhea reported
at the start of 2020 was significantly lower than the average
number reported during the same time periods in the prior

5 years. It is possible that health care systems strained by
the COVID-19 pandemic indirectly impacted access to health
care, including visits to emergency departments, for patients
with other conditions (8, 17). China enacted strict lockdown
policies to prevent and slow down person-to-person transmission
in order to control the pandemic. This resulted in a decline
in overall healthcare, especially during the post-festival period
in 2020, that gradually increased once lockdown policies were
loosened (18).

While the numbers of norovirus cases and clusters reported
from January to August 2020 were significantly lower than the
numbers reported during the equivalent time periods in 2015
to 2019, the numbers of reported cases and clusters reported
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FIGURE 3 | The annual distribution of the molecular genotypes of norovirus clusters in Guangzhou, China, 2015–2020. Columns show the number of cases infected

with each genotype.

after schools reopened in September 2020 were significantly
higher than the numbers reported during equivalent time
periods in the past 5 years. China implemented intense non-
pharmaceutical interventions to stop COVID-19 transmissions,
such as social distancing and school closure, which changed
patterns of human contact (1). These measures had a positive
effect on the control of norovirus-related acute gastroenteritis
since outbreaks predominantly occur in schools, childcare
centers, healthcare facilities, and other crowded settings (10, 19).
The risk of infectious diarrhea transmission rises in children
when they return for the new school year. Norovirus is primarily
transmitted through the fecal-oral route and patients usually
shed norovirus by contaminating food and surfaces. Thus,
hand washing, thorough cooking, and environmental cleaning
and disinfection are effective means to prevent and control
disease spread.

While control measures such as social distancing and mask
mandates have lowered the risk of some respiratory infectious
diseases, these precautions have a limited effect on the prevention
and control of intestinal infectious diseases. In addition, many
regions in China have introduced policies one after another,
that is primary and secondary school students were no longer
required to wear masks on campus once prevention and
control were normalized. It is also possible that during COVID-
19, some schools focused less attention on gastrointestinal
infectious disease control measures. As a result, schools may
have failed to find students and staff experiencing gastrointestinal
discomfort and report potential cases before they were able to
transmit disease and initiate outbreaks. These findings highlight
the importance of maintaining robust viral gastroenteritis
surveillance during the COVID-19 pandemic and remaining
alert to the emergence of novel norovirus strains once control
measures were relaxed.

In this study, the median number of reported cases, the
cumulative number of cases, and the attack rate were higher
during the final months of 2020 than during the same periods
each year from 2015 to 2019, indicating that the average scale
of clusters during the epidemic showed an upward trend. In
addition, there were fewer clusters with an intervention time
< 1 day in 2020 than in 2019, suggesting that COVID-19
prevention and control may have occupied human and material
resources needed for response to other infectious diseases, such
as infectious diarrhea. The large basic reproduction number
of noroviruses facilitates the initiation of large outbreaks in
childcare institutions and schools (20). Thus, it is critical to
take appropriate prevention and control measures, including case
management, hand hygiene, environmental disinfection, food
and water safety, risk assessment, and health education, during
the early stages of an outbreak.

Human norovirus is classified into three genogroups, GI, GII,
and GIV. GII type 4 (GII.4) is the most prevalent worldwide (21)
and is the genogroup reported in 62.8% of total outbreaks. In
the United States, the main non-GII.4 genotypes that occurred
from 2009 to 2016 were GI, GII.6, and GII.2 (22). A report
from Japan showed that norovirus GII.6 emerged as the second
most common strain after GII.4, 2008–2009 (23). The common
genotypes that occurred in 73 norovirus outbreaks in Guangdong
province, China, 2008–2015 were GII.4/Sydney 2012, GII.17,
and GII.3 (24). The predominant norovirus genotypes changed
each year and the main non-GII.4 genotypes co-circulated
with GII.4 in Huzhou China, 2016–2017 (25). New variants
often increase the number of norovirus outbreaks and result
in more severe health outcomes (26). While many infectious
diseases declined substantially owing to COVID-19-specific
control measures (9), the increased norovirus activity observed
after control measures were relaxed in Guangzhou requires
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attention. Ongoing surveillance of circulating norovirus strains
should be strengthened.

District-level disease control and prevention institutions and
community health service centers require sufficient human
resources for norovirus control on the premise of completing the
normalized prevention and control of COVID-19. This will help
to shorten norovirus outbreak response times in order to control
transmission more quickly and effectively.

CONCLUSIONS

The importance of maintaining surveillance for viral
gastroenteritis during the COVID-19 pandemic should be
emphasized. Local disease prevention and control institutions
need to dedicate sufficient human resources to prevent
potential outbreaks.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

YL, ZZ, and JL: concept and design. YL, DW, and HW:
acquisition, analysis, or interpretation of data. YL and DW:
drafting of the manuscript. HX and WS: experiment. YL and
HW: statistical analysis. JL: supervision. All authors have read
and approved the final manuscript.

FUNDING

This study was supported by the Key Project of Medicine
Discipline of Guangzhou (No. 2021-2023-11), Medical Health
Technology Project for Guangzhou (No. 20201A011062), and
Medical Science and Technology Foundation of Guangdong
Province (No. A2021372).

ACKNOWLEDGMENTS

We acknowledge the hard work of district-level disease
control and prevention institutions and community health
service centers.

REFERENCES

1. Zhang J, Litvinova M, Liang Y, Wang Y, Wang W, Zhao S, et al. Changes in

contact patterns shape the dynamics of the COVID-19 outbreak in China.

Science. (2020) 368:1481–6. doi: 10.1126/science.abb8001

2. Marshall JA, Bruggink LD. Laboratory diagnosis of norovirus. Clin Lab.

(2006) 52:571–81.

3. Zhou H, Wang S, von Seidlein L, Wang X. The epidemiology of norovirus

gastroenteritis in China: disease burden and distribution of genotypes. Front

Med. (2020) 14:1–7. doi: 10.1007/s11684-019-0733-5

4. Siebenga JJ, Vennema H, Zheng DP, Vinjé J, Lee BE, Pang XL, et al. Norovirus

illness is a global problem: emergence and spread of norovirus GII.4 variants,

2001-2007. J Infect Dis. (2009) 200:802–12. doi: 10.1086/605127

5. Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis. N Engl J Med.

(2009) 361:1776–85. doi: 10.1056/NEJMra0804575

6. Lian Y, Wu S, Luo L, Lv B, Liao Q, Li Z, et al. Epidemiology of norovirus

outbreaks reported to the public health emergency event surveillance

system, China, 2014–2017. Viruses. (2019) 11:342. doi: 10.3390/v110

40342

7. WuD, LiuQ,WuT,WangD, Lu J. The impact of COVID-19 control measures

on themorbidity of varicella, herpes zoster, rubella andmeasles in Guangzhou,

China. Immun Inflamm Dis. (2020) 8:844–6. doi: 10.1002/iid3.352

8. Kastritis E, Tsitsimpis K, Anninos E, Stamatelopoulos K, Kanakakis

I, Lampropoulos C, et al. Significant reduction in the visits to the

emergency room department during the COVID-19 pandemic in a tertiary

hospital in Greece: Indirect victims of the pandemic?. Medicine. (2020)

99:e23845. doi: 10.1097/MD.0000000000023845

9. Xiao J, Dai J, Hu J, Liu T, Gong D, Li X, et al. Co-benefits of nonpharmaceutical

intervention against COVID-19 on infectious diseases in China: a large

population-based observational study. Lancet Reg Health West Pac. (2021)

17:100282. doi: 10.1016/j.lanwpc.2021.100282

10. Liao QH, Ran L, Jin M, Cui S, Yuan J, Ma H, et al. Guidelines on outbreak

investigation, prevention and control of norovirus infection 2015. Chin J Viral

Dis. (2015) 5:448–58.

11. Guangdong Provincial Health Commission. Guidelines for Prevention and

Control of Norovirus Infectious Diarrhea in Guangdong Province (2015

version)[EB/OL]. Available online at: http://wsjkw.gd.gov.cn/gkmlpt/content/

2/2129/post_2129871.html#2531, (accessed Augest 26, 2015).

12. Pei S, Shaman J. Counteracting structural errors in ensemble

forecast of influenza outbreaks. Nat Commun. (2017)

8:925. doi: 10.1038/s41467-017-01033-1

13. Eigner U, Verstraeten T, Weil J. Decrease in norovirus

infections in Germany following COVID- 19 containment

measures. J Infect. (2021) 82:276–316. doi: 10.1016/j.jinf.2021.

02.012

14. Douglas A, Sandmann FG, Allen DJ, Celma CC, Beard S, Larkin

L. Impact of COVID-19 on national surveillance of norovirus

in England and potential risk of increased disease activity in

(2021). J Hosp Infect. (2021) 112:124–6. doi: 10.1016/j.jhin.2021.

03.006

15. Bruggink LD, Garcia-Clapes A, Tran T, Druce JD, Thorley BR. Decreased

incidence of enterovirus and norovirus infections during the COVID-

19 pandemic, Victoria, Australia, 2020. Commun Dis Intell. (2018) 45:1–

8. doi: 10.33321/cdi.2021.45.5

16. Nachamkin I, Richard-Greenblatt M, Yu M, Bui H. Reduction

in sporadic norovirus infections following the start of

the COVID-19 Pandemic, 2019-2020, Philadelphia. Infect

Dis Ther. (2021) 10:1793–8. doi: 10.1007/s40121-021-00

473-z

17. Basis F, Zeidani H, Hussein K, Hareli S. Drastic reduction inpatient visits

to the emergency department in a hospital in israel during the COVID-

19 outbreak, compared to the H1N1 2009. Int J Health Policy Manag.

(2020). doi: 10.34172/ijhpm.2020.151. [Epub ahead of print].

18. Zhang YN, Chen Y, Wang Y, Li F, Pender M, Wang N, et al.

Reduction in healthcare services during the COVID-19 pandemic in

China. BMJ Glob Health. (2020) 5:e003421. doi: 10.1136/bmjgh-2020-0

03421

19. Hall AJ, Vinjé J, Lopman B, Park GW, Yen C, Gregoricus N, et al. Updated

norovirus outbreak management and disease prevention guidelines. MMWR

Recomm Rep. (2011) 60:1–18.

20. Sun C, Xie X, Liu Q, Li G, Liu F, Li J, et al. Characteristics of

epidemic dynamics of norovirus caused diarrhea in Longgang district of

Shenzhen. Dis Surv. (2019) 34:332–7. doi: 10.3784/j.issn.1003-9961.2019.

04.012

21. Tran TH, Trainor E, Nakagomi T, Cunliffe NA, Nakagomi O. Molecular

epidemiology of noroviruses associated with acute sporadic gastroenteritis in

children: global distribution of genogroups, genotypes and GII.4 variants. J

Clin Virol. (2013) 56:185–93. doi: 10.1016/j.jcv.2012.11.011

22. Burke RM, Shah MP, Wikswo ME, Barclay L, Kambhampati A, Marsh Z,

et al. The norovirus epidemiologic triad: predictors of severe outcomes

in US norovirus outbreaks, 2009-2016. J Infect Dis. (2019) 219:1364–

72. doi: 10.1093/infdis/jiy569

Frontiers in Public Health | www.frontiersin.org 6 January 2022 | Volume 9 | Article 785373

https://doi.org/10.1126/science.abb8001
https://doi.org/10.1007/s11684-019-0733-5
https://doi.org/10.1086/605127
https://doi.org/10.1056/NEJMra0804575
https://doi.org/10.3390/v11040342
https://doi.org/10.1002/iid3.352
https://doi.org/10.1097/MD.0000000000023845
https://doi.org/10.1016/j.lanwpc.2021.100282
http://wsjkw.gd.gov.cn/gkmlpt/content/2/2129/post_2129871.html#2531
http://wsjkw.gd.gov.cn/gkmlpt/content/2/2129/post_2129871.html#2531
https://doi.org/10.1038/s41467-017-01033-1
https://doi.org/10.1016/j.jinf.2021.02.012
https://doi.org/10.1016/j.jhin.2021.03.006
https://doi.org/10.33321/cdi.2021.45.5
https://doi.org/10.1007/s40121-021-00473-z
https://doi.org/10.34172/ijhpm.2020.151
https://doi.org/10.1136/bmjgh-2020-003421
https://doi.org/10.3784/j.issn.1003-9961.2019.04.012
https://doi.org/10.1016/j.jcv.2012.11.011
https://doi.org/10.1093/infdis/jiy569
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Lu et al. The Rise in Norovirus-Related Acute Gastroenteritis

23. Chan-It W, Thongprachum A, Khamrin P, Kobayashi M, Okitsu S,

Mizuguchi M, et al. Emergence of a new norovirus GII.6 variant in

Japan, 2008-2009. J Med Virol. (2012) 84:1089–96. doi: 10.1002/jmv.

23309

24. Yang F, Sun LM, Guo LL, Fang L, Tan XH, Long YF, et al.

Analysis on risk factors for norovirus outbreaks in Guangdong

province, 2008-2015. Zhonghua Liu Xing Bing Xue Za Zhi.

(2017) 38:906–10. doi: 10.3760/cma.j.issn.0254-6450.2017.

07.012

25. Han J, Wu X, Chen L, Fu Y, Xu D, Zhang P, et al. Emergence of norovirus

GII.P16-GII.2 strains in patients with acute gastroenteritis in Huzhou,

China, 2016-2017. BMC Infect Dis. (2018) 18:342. doi: 10.1186/s12879-018-

3259-6

26. Cooper DL, Smith GE, Regan M, Large S, Groenewegen

PP. Tracking the spatial diffusion of influenza and

norovirus using telehealth data: a spatiotemporal analysis of

syndromic data. BMC Med. (2008) 6:16. doi: 10.1186/1741-70

15-6-16

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Lu, Zhang, Xie, Su, Wang, Wang and Lu. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Public Health | www.frontiersin.org 7 January 2022 | Volume 9 | Article 785373

https://doi.org/10.1002/jmv.23309
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.07.012
https://doi.org/10.1186/s12879-018-3259-6
https://doi.org/10.1186/1741-7015-6-16
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	The Rise in Norovirus-Related Acute Gastroenteritis During the Fight Against the COVID-19 Pandemic in Southern China
	Background
	Methods
	Data Collection
	Case Definition
	Data Analysis

	Results
	Comparative Analysis of Infectious Diarrhea Occurring in 2020 With the Prior 5 Years
	Epidemiological Characteristics of Clusters
	Molecular Characterization of Norovirus Circulating in Guangzhou, China, During 2015-2020

	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	References


