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ABSTRACT

Background: Changes in oral and hand hygiene behaviors have been reported during the
COVID-19 pandemic in 2020 which may be associated with the incidence of the norovirus
infection, a common cause of gastroenteritis.

Objective: To estimate the trends of detection rates of norovirus gastroenteritis and asso-
ciated factors before COVID-19 in 2015-2019 and during the COVID-19 in 2020 in Guangxi,
China.

Methods: A secondary analysis of Guangxi surveillance data of gastroenteritis patients was
conducted. The detection rate in 2020 was predicted using an autoregressive integrated
moving average modeland associated factors were analyzed using multiple logistic regression
adjusted for interaction effects.

Results: Of 7,903 gastroenteritis patients, the overall detection rate of norovirus gastroenter-
itis was 12.8%, (14.3% before and 6.1% during COVID-19). Detection rates gradually decreased
from 2015 to 2020, of which the slope of predicted line was slightly flatter than the actual
line. The odds ratios of detection were double to triple increase during COVID-19 in the
younger age group and having food intake outside their homes. Tourist city, season, and
types of food were independent associated factors.

Conclusion: The detection rates were higher during the COVID-19 year among the popula-

ARTICLE HISTORY
Received 26 April 2023
Accepted 29 October 2023

KEYWORDS
Norovirus-infected
gastroenteritis; detection
rate; prediction rate; COVID-
19 period; seasonal variation

tion aged 45 years or less and those who consumed food outside their home.

Introduction

Acute gastroenteritis is a major cause of morbidity and
mortality in children [1], the 2nd leading cause of death
and high burden of hospital admissions [2,3]. Viral
gastroenteritis accounts for 70% of acute gastroenteritis
in children [4], and norovirus is the main pathogen
causing 219,000 annual deaths [5] and has contributed
to major gastroenteritis outbreaks worldwide [6,7]. The
Centers for Disease Control and Prevention (CDC)
reported that norovirus gastroenteritis was common
in both children and adults, varying across populations
and geographic environments, and was associated with
contaminated foods and poor hygiene behaviors [8].
Following the appearance of the COVID-19 pandemic
in 2020, changes in oral and hand hygiene behaviors
have been reported [9-11].

In China, due to an improving economy over the
last few decades, the mortality from infectious diar-
rhea has declined, but the morbidity has remained
stable [12]. The norovirus is more prevalent not only
in children but also in adults and the elderly [13].

A study in the north of China reported that children
aged 6-35 months had high rates [12]. Previous stu-
dies and systematic reviews have found that
a norovirus infection was associated with food-
handling hygiene [14], eating outside/uncooked
foods [15], drinking untreated water [15], lack of
personal hygiene [15], household density [16], and
person-to-person was the most common form of
transmission during a norovirus outbreak [17].
However, all these related factors might have changed
following the COVID-19 outbreak in January 2020.
The Foodborne Disease Surveillance System of
Guangxi Zhuang Autonomous Region has been in
operation since 2012 with the aim to monitor the
magnitude of gastroenteritis within the province.
During the COVID-19 outbreak, COVID-19 policies
including wearing masks, social distancing, improved
personal hygiene, and locking down public places and
schools have been widely implemented worldwide [9].
Various studies have found that all of these policies
influenced fecal-to-oral disease transmission, including
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norovirus gastroenteritis [18-20]. There have been few
studies reporting the prevalence of norovirus gastroen-
teritis during the COVID-19 outbreak [21,22], and
there have to date been no studies reporting the trends
of this infection related to the COVID-19 period and
related factors. This study aimed to estimate the trends
of detection rates of norovirus gastroenteritis and
explore the associated factors before and during
COVID-19 pandemic in 2020 in Guangxi Zhuang
Autonomous Region, Southern China.

Methods
Study design and setting

A secondary analysis of data from the Foodborne
Disease Surveillance System of Guangxi Zhuang
Autonomous Region, Southern China, during
1 January 2015 to 31 December 2020 was conducted.
Guangxi Zhuang Autonomous Region is the perma-
nent venue for the ASEAN Expo Exhibition which is
related to Nanning, Guilin, Liuzhou, Yulin, and
Guigang cities. Guilin is an international tourism
city in China which held the China-ASEAN Expo
Tourism Exhibition in 2020 and 2021. The National
Foodborne Disease Surveillance System and the
Foodborne Disease Surveillance System of Guangxi
Zhuang Autonomous Region have been in operation
since 2010 and 2012, respectively, with the aim to
monitor the magnitude of gastroenteritis within the
province. For the surveillance of noroviral gastroen-
teritis, there are 11 sentinel hospitals across Guangxi
Region in the surveillance system, and we used all of
these hospitals.

According to the National Surveillance Protocol
for Foodborne Disease, gastroenteritis is suspected if
a patient visits one of the sentinel hospitals present-
ing with liquid, watery, mucous, or bloody purulent
stool at least three times per day or diarrhea with
vomiting [23]. Bacterial or food poisoning gastroen-
teritis is suspected if there is a history of consuming
contaminated food and confirmed by a stool exam-
ination. After providing consent, the gastroenteritis
patients are interviewed using a standard national
questionnaire, and they are then asked for a stool
sample, anal swab, or gastric fluid from vomit, all of
the patients including children finished the data col-
lection with 24 h. The samples are stored at —80°C,
and norovirus is then tested using a one-step real-
time reverse-transcription polymerase chain reaction
(RT-PCR) according to the National Surveillance
Protocol for Foodborne Disease Surveillance
Workbook by trained health personnel, and the
patient information and norovirus test results are
recorded in the electronic surveillance system. The
Guangxi CDC staff check the data from the surveil-
lance on a daily basis.

Study samples and sample size

For this secondary analysis, we included patients who
were diagnosed with gastroenteritis and suspected of
food poisoning from contaminated food or water
recorded in the Foodborne Disease Surveillance
System of Guangxi Zhuang Autonomous Region
from 2015 to 2020. Those who were confirmed with
Salmonella infection or having functional bowel dis-
orders were excluded. According to a previous report,
the prevalence of norovirus gastroenteritis in
Guangxi Zhuang Autonomous Region in 2013-2015
was 26.3% [24]. The sample size was calculated using
a precision formula with a 95% confidence interval,
acceptable error of 4%, and design effect of 2 using
the Epicalc package [25], resulting in at least 924
patients with suspected gastroenteritis each year
being required. In each of the study years, the num-
ber of gastroenteritis patients in the surveillance sys-
tem ranged from 1200 to 1500 cases, and thus all
cases in the system were used in the study analysis.

Variables and variable definitions

The main outcome measure of this study was positive
norovirus detection by RT-PCR and the main periods
were ‘before COVID-19’, from 2015 to 2019, and
‘during COVID-19 year’, in 2020, the period during
which the country implemented the COVID-19 pre-
vention and control measures related to oral and hand
hygiene behaviors. Other independent variables
included age, gender, disease history, food types, loca-
tion of food intake, antibiotic use before visiting
a doctor, types of samples, time from symptom onset
to diagnosis, season when symptoms appeared, hospi-
talization, location of hospitals, and level of hospitals.

Age was categorized into four age groups (<5, 6-20,
21-45, and >45) and gender (male and female). Disease
history referred to related diseases the patient already had
prior to visiting the doctor, which was categorized by
‘yes’ and ‘no’. Food types referred to suspected foods the
patient consumed before the onset of gastroenteritis.
According to the National Surveillance Protocol, food
types are categorized into ‘grains and grain products,
‘fruits or vegetables’, ‘aquatic products’, ‘meat/dairy pro-
ducts’, and ‘other foods’. Location of food intake referred
to the place where the patient bought the suspected food.
Following the National Surveillance Protocol, location of
food intake was categorized by ‘home’ or ‘outside’.
Antibiotic-use history referred to a history of antibiotic
use before visiting the doctor and was categorized by ‘yes’
or ‘no’. Specimens collected from stool, anal swab, or
gastric fluid were tested for norovirus. The time from
symptom onset to diagnosis referred to the time interval
between the onset of symptoms and the time the patient
went to the hospital to see the doctor (days), which was
calculated from the hospital record system. The season



when the symptoms appeared was categorized as ‘Spring’
(February-April), ‘Summer (May-July), ‘Autumn’
(August-October), and ‘Winter’ (November-January).
The location of the sentinel hospitals was classified into
“Yulin’, ‘Guigang’, ‘Guilin’, ‘Liuzhou’, or ‘Nanning’ cities,
and the level of hospitals referred to the sentinel hospi-
tals’ administrative level, which was categorized by ‘city
level’ and ‘provincial level’.

Data management and statistical analysis

The data from the Foodborne Disease Surveillance
System were retrieved and analyzed using R software
version 4.1.2 (R Foundation for Statistical Computing
2020, Vienna, Austria). The detection rates were calcu-
lated by dividing the number of norovirus gastroenter-
itis cases by the total number of gastroenteritis patients
for each year and tested across the years using chi-
square test for trend.

The predicted detection rates during COVID-19
year were computed using the autoregressive inte-
grated moving average model (ARIMA model)
through the Tseries and Forecast package, based on
the assumption that past values have some residual
effect on current or future values and controlling for
the seasonality over time. A seasonal-product ARIMA
(p, d, @ (P, D, Q) model was used to due with the
seasonal effect on norovirus infections, where p is the
number of autoregressive, d is the degree of differen-
cing, and q is the number of moving average terms.
The best fit ARIMA model was determined by Akaike
Information Criterion (AIC) or Bayesian Information
Criteria (BIC) values.

The factors associated with norovirus gastroenter-
itis were initially analyzed using a univariate logistic
regression model, and factors with p-value less than
0.2 were selected to put in the multiple logistic regres-
sion model using a backward stepwise approach.
Crude odds ratios (cOR) and adjusted odds ratios
(aOR) with 95% confidence intervals (95% CI) were
calculated. The interactions of significant indepen-
dent factors with the COVID-19 period were tested.
The significance level was set as p < 0.05.

Results

During the six-year study period, norovirus gastro-
enteritis was confirmed in 1,008 patients from a total
of 7,903 gastroenteritis patients, an overall rate of
12.8%, divided into 14.3% before the COVID-19 out-
break and 6.1% during the COVID-19 study year
(Table 1). The detection rates significantly changed
over the years using the chi-square test for trend (p <
0.001). Actual and predicted detection rates of nor-
ovirus gastroenteritis during 2015-2020 are shown in
Figure 1. Bimodal distribution was seen in each year,
with peaks from September to October. The predicted
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detection rates in 2020 were significantly higher than
the actual rates (p <0.001). There was a gradually
decreasing trend in both actual and predicted detec-
tion rates over the study period. The characteristics of
the norovirus gastroenteritis patients during 2015-
2020 are shown in Table 2. In the COVID-19 period,
age group, types of food, season when symptoms
appeared, time from symptom onset to diagnosis,
location of sentinel hospitals, and level of hospital
were significantly associated with norovirus
gastroenteritis.

The final multiple logistic regression model for
the factors associated with norovirus gastroenteritis
is shown in Table 3. After adjusting for other asso-
ciated factors, the odds of norovirus gastroenteritis
detection were significantly lower during the
COVID-19 year compared with the period before
COVID-19 (aOR 0.11, 95% CI 0.04-0.27).
Norovirus gastroenteritis was less likely to be
detected when the time of symptom onset to diag-
nosis was 24-48 h (aOR 0.80, 95% CI 0.68-0.94) and
>48 h (aOR 0.71, 95% CI 0.58-0.88) as well as the
symptoms appeared in the summer season (aOR
0.66, 95% CI 0.55-0.80). Higher odds of norovirus
gastroenteritis detection were found in autumn
(aOR 1.38, 95% CI 1.15-1.65) and the Guilin hospital
(aOR1.72, 95% CI 1.31-2.26). The interactions
between COVID-19 period and age group and loca-
tion of food intake were significant. These indicate
the higher odds of norovirus gastroenteritis detec-
tion during COVID-19 period in patients aged 45
years or less and in those having food intake outside
their homes. There was no interaction of age group
and location of food intake on noroviral
gastroenteritis.

Due to the significance of interaction, the factors
associated with norovirus gastroenteritis stratified by
before COVID-19 and during the COVID-19 year are
presented in Table 4. Before the COVID-19, patients
consuming aquatic products and meat/dairy products,
who had symptoms appearing in autumn and visiting
the Guilin hospital, had significantly higher odds of
norovirus gastroenteritis, while the incidence of nor-
ovirus gastroenteritis was significantly lower when the
symptoms appeared in summer and the time from the

Table 1. Annual detection rates of norovirus gastroenteritis
during 2015-2020.

No. of gastroenteritis

Norovirus-infected Detection rate

Year patients patients (95% Cl)*
2015 1231 228 18.5 (16.4-20.7)
2016 1200 202 16.8 (14.8-19.0)
2017 1296 140 10.8 (9.1-12.5)
2018 1302 158 12.1 (10.4-13.9)
2019 1397 190 13.6 (11.8-15.4)
2020 1477 90 6.1 (4.8-7.4)
Total 7903 1008 12.8 (12.0-13.4)

*Chi-square test for trend of detection rate from 2015 to 2020=115.12,
p value < 0.001.
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Norovirus detection rate during 2015 - 2020 and predicted rate in 2020 using ARIMA models
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Figure 1. Detection rates of norovirus gastroenteritis during 2015-2020 in Guangxi Region, China (actual detection rate and
prediction rate using ARIMA models in 2020 showed a significant difference by paired t-test, p < 0.001).

symptom appearance to diagnosis was longer than 24
h. The magnitude of the odds ratio for detecting
norovirus gastroenteritis during COVID-19 year was
approximately three to five times higher than before
the COVID-19 period. During the COVID-19 year, the
odds ratios of detecting norovirus gastroenteritis in
those aged <5, 6-20, and 21-45 years were 4.80 (95%
CI 1.80-12.79), 5.68 (95% CI 2.01-16.06), and 3.77
(95% CI 1.41-10.05) when compared with those aged
>45 years. Having food intake outside the home before
COVID-19 period was less likely to be associated with
norovirus gastroenteritis (aOR 0.78, 95% CI 0.65-0.94),
while it was more likely during the COVID-19 (aOR
1.90, 95% CI 1.11-3.26).

Discussion

The rate of norovirus gastroenteritis in Guangxi
Zhuang Autonomous Region, Southern China gradu-
ally decreased from 2015 to 2020. The actual detec-
tion rate during COVID-19 year in 2020 was 6.1%
which was significantly lower than the predicted rate.
The COVID-19 period interacted with the age group
and the location of food intake, indicating the influ-
ence of younger ages and those having food outside
their home on the relationship of COVID-19 period
with norovirus gastroenteritis. Type of food, season
when symptoms appeared, time from symptom onset
to diagnosis, and location of sentinel hospitals were
associated with norovirus gastroenteritis before the
COVID-19 period.

The decreasing trend of norovirus gastroenteritis
from 2015 to 2020 found in our study was similar to
the surveillance reports of previous studies conducted
in Denmark during 2011-2018 [26], in Yunnan pro-
vince, China during 2018-2020 [10] and in Zhejiang
province, China 2016-2020 [27]. This consistency

can be assumed to be from improvements in public
food safety along with food safety monitoring and
risk assessment systems. In contrast, a study in the
United States of America conducted earlier during
2011-2015 showed a highly static trend of norovirus
gastroenteritis [28]. During the COVID-19 pandemic
in 2020, studies from various countries reported dra-
matically lower rates of norovirus gastroenteritis
compared with previous periods, namely the United
States of America [19], Germany [29], Australia [30],
Korea [31], Japan [32], and other province in China
[10] This may be explained through the interventions
for preventing COVID-19 infection, such as staying
at home, social distancing, and hand hygiene, which
can also prevent norovirus transmission [10,19].

The effects of COVID-19 period on norovirus
gastroenteritis modified by younger age and consum-
ing food outside the home were found in our study.
To date, we cannot find any studies reporting on the
interaction effect of norovirus gastroenteritis with
other factors both before and during the COVID-
19 periods. After stratifying by the COVID-19 period
into the before COVID-19 and during COVID-19,
the children in the age group of 6-20 years had highly
significant odds of acquiring norovirus gastroenteritis
during the COVID-19 year, but this finding was not
statistically significant before the COVID-19 period.
Increasing odds of noroviral gastroenteritis in school
or university ages may be due to the probability of
being exposed to unsafe foods, a known risk factor of
norovirus infection [15,33].

The odds of norovirus gastroenteritis in patients
consuming aquatic or meat/dairy products were sig-
nificantly higher than those consuming grain/rice
products only at before COVID-19 period. This
could be because before the COVID-19 period,
aquatic or meat products were easily contaminated
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Table 2. Characteristics of norovirus gastroenteritis patients during 2015-2020.

No. of norovirus gastroenteritis patients

No. of gastroenteritis cases n (%)
n (%) Positive Negative
Characteristic n=7903 n=1008 n=6895 p value
COVID-19 period <0.001
Before 6426 (81.3) 918 (91.1) 5508 (79.9)
During 1477 (18.7) 90 (8.9) 1387 (20.1)
Gender 0.249
Female 3657 (46.3) 484 (48.0) 3173 (46.0)
Male 4246 (53.7) 524 (52.0) 3722 (54.0)
Age group (years) 0.001
>45 1843 (23.3) 187 (18.6) 1656 (24.0)
<5 3299 (41.7) 450 (44.6) 2849 (41.3)
6-20 723 (9.7) 89 (8.8) 634 (9.2)
21-45 2038 (25.8) 282 (28.0) 1756 (25.5)
Types of food® <0.001
Grains and grain products 1585 (20.1) 181 (18.0) 1404 (20.4)
Fruits or vegetables 1489 (18.9) 146 (14.5) 1343 (19.5)
Aquatic products 424 (5.4) 5 (6.4) 359 (5.2)
Meat/dairy products 1601 (20.3) 231 (22.9) 1370 (19.9)
Other foods 2797 (35.4) 385 (38.2) 2412 (35.0)
Location of food intake® 0.425
Home 5846 (77.1) 758 (75.2) 5088 (74.0)
Outside 2041(25.9) 250 (24.8) 1791 (26.0)
Disease history 0.182
Yes 562 (7.1) 61 (6.1) 501 (7.3)
No 7341 (92.9) 947 (93.9) 6394 (92.7)
Antibiotic before seeing doctor 0.170
Yes 539 (6.8) 58 (5.8) 481 (7.0)
No 7364 (93.2) 950 (94.2) 6414 (93.0)
Season when symptoms appeared <0.001
Spring 1827 (23.1) 248 (24.6) 1579 (22.9)
Summer 2781 (35.2) 264 (26.2) 2517 (36.5)
Autumn 2247 (28.4) 378 (37.5) 1869 (27.1)
Winter 1048 (13.3) 118 (11.7) 930 (13.5)
Time from symptom onset to diagnosis (h) 0.012
<24h 1832 (23.2) 270 (26.8) 1562 (22.7)
24-48 h 4379 (55.4) 540 (53.6) 3839 (55.7)
>48 h 1692 (21.4) 198 (19.6) 1494 (21.7)
Type of sample 0.750
Anal swab 334 (4.2) 47 (4.7) 287 (4.2)
Stool 7502 (94.9) 952 (94.4) 6550 (95.0)
Gastric fluid 67 (0.8) 9 (0.9) 58 (0.8)
Location of sentinel hospitals <0.001
Yulin 761 (9.6) 91 (9.0) 670 (9.7)
Guigang 849 (10.7) 107 (10.6) 742 (10.8)
Guilin 1293 (16.4) 219 (21.7) 1074 (15.6)
Liuzhou 2067 (26.2) 254 (25.2) 1813 (26.3)
Nanning 2933 (37.1) 337 (33.4) 2596 (37.7)
Level of hospital 0.039
City 6434 (81.4) 845 (83.8) 5589 (81.1)
Province 1469 (18.6) 163 (16.2) 1306 (18.9)
Hospitalization 0.903
Yes 1944 (24.6) 250 (24.8) 1694 (24.6)
No 5959 (75.4) 758 (75.2) 5201 (75.4)

§’Missing values in type of foods (n=7); location of food intake (n=16) which all were in the negative group.

by the norovirus [34-36], while there were strictly
enforced food safety policies related to the improve-
ment of food-hand hygiene during the COVID-19
year in 2020 [14,37,38]. These policies can reduce
the risk of foods contaminated with norovirus. The
detection rates were high in autumn both before and
during the COVID-19, a finding consistent with
previous studies in the same and different provinces
of China [10,36]. The temperature, humidity, and
rainfall in this season in China may be related to the
norovirus infection [27]. A systematic review of
global prevalences for norovirus searched up to
March 2014 also confirmed the theory that noro-
virus is a foodborne disease [39].

A longer duration of time from symptom onset to
diagnosis was less likely to be associated with noro-
virus gastroenteritis in both before and during
COVID-19, but the relationship was non-significant
during the COVID-19 year because of a wide confi-
dence interval due to the small sample size. The CDC
norovirus guideline suggests testing for norovirus
during the acute phase within 48 h of symptom
onset [40]. Likewise, the tourist city, Guilin, had
a significantly greater rate before, but not during,
the COVID-19 year. This can be explained by the
higher number of travelers before COVID-19 had
high probability of transmitting norovirus from one
place to another [41].
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Table 3. Final logistic regression model of factors related to norovirus gastroenteritis (N = 7887).

Variable cOR (95% Cl) aOR (95% Cl) p value
COVID-19 period (Ref: Before) 0.39 (0.31-0.49) 0.11 (0.04-0.27) <0.001
Age group (Ref: >45 years)
<5 1.40 (1.17-1.68) 1.48 (1.22-1.80) <0.001
6-20 1.24 (0.95-1.62) 1.20 (0.89-1.62) 0.231
21-45 142 (1.17-1.73) 1.41 (1.14-1.74) 0.002
Types of food (Ref: Grains and grain products)
Fruits or vegetables 0.84 (0.67-1.06) 0.89 (0.70-1.13) 0.344
Aquatic products 1.40 (1.03-1.90) 1.50 (1.09-2.06) 0.012
Meat/dairy products 1.31 (1.06-1.61) 1.27 (1.02-1.57) 0.031
Other foods 1.24 (1.02-1.49) 1.19 (0.98-1.45) 0.071
Location of food intake (Ref: at home)
Outside 0.94 (0.80-1.09) 0.78 (0.65-0.94) 0.009
Season when symptoms appeared (Ref: Spring)
Summer 0.67 (0.56-0.80) 0.66 (0.55-0.80) <0.001
Autumn 1.29 (1.08-1.53) 1.38 (1.15-1.65) <0.001
Winter 0.81 (0.64-1.03) 0.81 (0.64-1.03) 0.086
Time from symptom onset to diagnosis (Ref: <24 h)
24-48 h 0.81 (0.70-0.95) 0.80 (0.68-0.94) 0.007
>48 h 0.77 (0.63-0.93) 0.71 (0.58-0.88) 0.001
Location of sentinel hospitals (Ref: Yulin)
Guigang 1.07 (0.79-1.44) 1.19 (0.87-1.62) 0.280
Guilin 1.51 (1.16-1.96) 1.72 (1.31-2.26) <0.001
Liuzhou 1.03 (0.80-1.33) 1.16 (0.89-1.51) 0.271
Nanning 0.96 (0.75-1.22) 0.95 (0.74-1.23) 0.712
Interaction terms
Ref: COVID-19 period (before) & Age >45 years
COVID-19 period (during)*Age group (<5 years) - 3.03 (1.15-8.01) 0.025
COVID-19 period (during)*Age group (6-20 years) - 472 (1.62-13.81) 0.004
COVID-19 period (during)*Age group (21 - 45 years) - 2.85 (1.05-7.75) 0.040
Ref: COVID-19 period (before) & food intake at home
COVID-19 period (during)*food intake outside - 2.19 (1.27-3.78) 0.005

cOR: crude odds ratio; aOR: adjusted OR; Cl: confidence interval.

Table 4. Factors associated with detection of norovirus infection stratified by COVID-19 period.

Norovirus detection before COVID-19

Norovirus detection during COVID-19

Variable cOR (95% Cl)

aOR (95% Cl)

p value
(Wald's test)

p value

cOR (95% Cl) aOR (95% CI)  (Wald's test)

Age group (Ref: >45 years)
<5
6-20
21-45
Types of food (Ref: grains and grain products)
Fruits or vegetables
Aquatic products
Meat/dairy products
Other foods
Location of food intake (Ref: home)
Outside
Season when symptoms appeared (Ref: spring)
Summer
Autumn
Winter

1.41 (1.17-1.70)
1.15 (0.86-1.54)
1.36 (1.11-1.67)

0.87 (0.68-1.12)
1.46 (1.06-2.02)
1.26 (1.01-1.58)
1.28 (1.05-1.57)

0.85 (0.72-1.00)
0.66 (0.54-0.80)

1.32 (1.10-1.58)
0.79 (0.62-1.01)

Time from symptom onset to diagnosis (Ref: <24 h)

24-48
>48
Location of sentinel hospitals (Ref: Yulin)
Guigang
Guilin
Liuzhou
Nanning

0.83 (0.70-0.98)
0.79 (0.64-0.97)

1.17 (0.85-1.61)
1.61 (1.22-2.14)
1.06 (0.81-1.39)
1.01 (0.78-1.32)

1.49 (1.23-1.81) <0.001 3.44 (1.35-8.81) 4.80 (1.80-12.79) 0.002
1.21 (0.89-1.63) 0.222 5.66 (2.03-15.57) 5.68 (2.01-16.06) 0.001
1.40 (1.14-1.74) <0.001 4.49 (1.71,11.79)  3.77 (1.41-10.05) 0.008
0.87 (0.68-1.13) 0.304 0.78 (0.42-1.44)  0.91 (0.47-1.74) 0.771
1.58 (1.13-2.20) 0.007 0.76 (0.25-2.27)  0.90 (0.29-2.80) 0.854
1.27 (1.01-1.59) 0.041 1.19 (0.62-2.25)  1.26 (0.64-2.45) 0.503
1.26 (1.03-1.55) 0.026 0.71 (0.40-1.28)  0.61 (0.32-1.13) 0.117
0.78 (0.65-0.94) 0.007 1.87 (1.19-2.93)  1.90 (1.11-3.26) 0.019
0.65 (0.54-0.79) <0.001 0.86 (0.46-1.62)  0.75 (0.39-1.44) 0.385
1.35 (1.12-1.63) 0.002 1.57 (0.87-2.82)  1.87 (1.00-3.49) 0.051
0.81 (0.63-1.03) 0.087 0.92 (0.39-2.17)  1.02 (0.42-2.47) 0.969
0.81 (0.68-0.96) 0.014 0.72 (0.44-1.19)  0.68 (0.40-1.14) 0.145
0.73 (0.59-0.91) 0.005 0.62 (0.33-1.18)  0.54 (0.27-1.08) 0.082
1.22 (0.87-1.69) 0.245 0.85 (0.37-1.98)  0.89 (0.35-2.24) 0.803
1.77 (1.33-2.36) <0.001 1.08 (0.49-2.36) 1.78 (0.72-4.42) 0.213
1.19 (0.90-1.58) 0.218 0.85 (0.39-1.83)  0.97 (0.43-2.18) 0.938
1.02 (0.78-1.34) 0.878 0.53 (0.24-1.16)  0.47 (0.20-1.07) 0.070

Our study highlights the detection rate of noro-
virus-infected gastroenteritis over a six-year period,
including the periods before COVID-19 and during
the COVID-19 year, which was longer than previous
studies which ranged from 1 to 3 years. We were
unable to find publications identifying the effect of
other independent factors on the relationship
between COVID-19 and norovirus gastroenteritis.

There were some limitations to our study. First, we
used the data from surveillance systems where the
data on some possible confounders may not have
been included. However, this is a national surveil-
lance program collecting data for the most important
factors related to norovirus gastroenteritis based on
the local CDC office. Second, only the year 2020 was
examined and used as a proxy for the COVID-19



effect of other years, because the magnitude of the
covid effect was highest during this year. However, it
would be better to analyze the data in the following
years and observe the longitudinal patterns, which we
plan to do in a future study. Third, genotype infor-
mation for the norovirus was not available in this
surveillance system. Fourth, the samples in this sur-
veillance were not tested for other viruses, such as
adenovirus, rotavirus, or parasites. Fifth, the sample
size of gastroenteritis in 2020 considered as during
COVID-19 was relatively small compared to the
numbers before COVID-19, which may have affected
the results of the analysis. Finally, the factors related
to norovirus gastroenteritis during COVID-19 may
not be generalized to other countries since the policy
implementation varied across countries.

Conclusion

There was a decreasing trend of norovirus gastroenteritis
over the six-year study period in Guangxi, China. In 2020,
during the first year of the COVID-19 pandemic, its rate
was half of the average of the five previous years. Type of
food, season when symptoms appeared, time from symp-
tom onset to diagnosis, and location of sentinel hospitals
were associated with norovirus gastroenteritis. The rela-
tionship between norovirus gastroenteritis detection and
COVID-19 period was modified by age group and loca-
tion of food intake, showing higher detection among
patients aged 45years or less and having food intake
outside the home during the COVID-19 year. These find-
ings suggest targeting the high-risk population and food-
borne transmission of norovirus infection for increased
preventive measures. Further longitudinal studies of nor-
ovirus gastroenteritis and the effect from COVID-19 are
required.
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