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Disease burden of rotavirus related
diarrhea in children under 5 years in
China: a meta-analysis
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Liping Wang'**

Rotavirus (RV) is a leading cause of severe diarrhea among children under five years of age in China.
In this meta-analysis, we assessed the disease burden of RV-related diarrhea by analyzing 73 studies
retrieved from the PubMed, Web of Science, China National Knowledge Infrastructure, and Wanfang
databases (2013-2023). The incidence of RV-related diarrhea ranged from 0.637 /1000 to 31.46/1000
persons. The pooled RV positivity rate for the under-5 age group was 24.7% (95% confidence interval:
22.1-27.4), with higher positivity rates observed among inpatients compared to outpatients (24.1%
vs. 22.2%). Notably, the RV positivity rate declined from 27.3 to 21.5% pre- and post- the RotaTeq®
licensure and 28.8-22.5% following the COVID-19 pandemic. The G9P[8] genotype was predominant,
accounting for 71.7% of the RV cases in the under-5 age group. Given the dynamic nature of the
incidence rate of RV-related diarrhea and the prevalence of the G9P[8] genotype, it is imperative to
enhance surveillance efforts targeting incidence of RV-related diarrhea and the circulating genotypes
of rotavirus.

Diarrheal diseases are a major contributor to the Global Burden of Disease (GBD)!, with the GBD 2017 study
attributing over half a million preventable annual deaths to this condition among children under 5 years of
age’. Rotavirus (RV), a highly contagious pathogen, is responsible for severe pediatric diarrhea, accounting
for approximately 128,500 deaths worldwide in under-5 children in 2016>*, The clinical management of RV
infection is further complicated by its high co-infectability with other enteric viruses>®, which may exacerbate
disease severity and complicate therapeutic interventions’. Current clinical practice for the treatment of RV
infections is limited to symptomatic management, due to the lack of targeted antiviral therapies®. This therapeutic
gap underscores the critical importance of prophylactic measures, like immunization, which demonstrates high
efficacy against severe RV gastroenteritis in pediatric populations®.

Pursuant to the Infectious Disease Prevention and Control Law of China, hospitals are required to report
confirmed cases of rotavirus-related diarrhea to the National Notifiable Infectious Diseases Surveillance System
(NNIDSS) within 24 h. The NNIDSS is a legally mandated, multi-tiered framework for infectious disease
passive surveillance in China. It collects case information, such as demographics, diagnosis, and laboratory test
results, through statutory electronic reporting by all government-funded healthcare facilities. However, RV-
related diarrhea is not classified as a distinct notifiable infectious disease. Within the system, cases of RV-related
diarrhea are categorized under “Other Infectious Diarrhea” (OID). Besides rotavirus, diarrhea caused by other
pathogens, such as norovirus, is similarly reported as OID. Given that etiological test results for OID are not
required to be mandatorily reported, it is challenging to accurately estimate the incidence rate of RV-related
diarrhea from the NNIDSS.

China’s Marketing Authorization has introduced three vaccines against RV: the Lanzhou Lamb Rotavirus
Vaccine (2001)°, RotaTeq (2018)'°, and trivalent reassortant vaccine (2023)!!. Many international studies have
shown that the incidence of RV-related diarrhea has decreased following the use of RotaTeq vaccine!?-14,
However, such research is lacking in China. In addition, there are few studies on the incidence of RV-related
diarrhea, making it difficult to fully understand the disease burden of RV-related diarrhea in China. In this study,
we aimed to comprehensively evaluate the RV disease burden among children under 5 years of age in China
from 2013 to 2023. Additionally, we investigated temporal trends in RV positivity associated with the marketing
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authorization of RotaTeq and the COVID-19 pandemic onset. Lastly, we determined genotype changes of RV in
the under-5 age group across the study period.

Methods

This meta-analysis was prospectively registered in the PROSPERO international registry (CRD42024528658)
and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting standards. The PRISMA checklist is provided in Supplementary Appendix 1.

Search strategy and eligibility criteria

A comprehensive literature search was conducted across PubMed, Web of Science, China National Knowledge
Infrastructure, and Wanfang databases to identify Chinese and English language articles on RV-associated
diarrhea in children under 5 years of age in China, published between January 2013 and December 2023. For
Chinese-language publications, inclusion was restricted to studies indexed in nationally recognized core journal
catalogs, namely the Peking University Core Journals, China Science and Technology Paper Citation Database, and
China Science Citation Database!®. The literature search was conducted using the following Boolean operators:
(RV OR “Human RV” OR HRV) AND (Infant OR Child OR Baby OR Newborn OR Pediatric OR Toddler OR
Preschool OR Kindergarten) AND (Diarrhea OR Epidemiology OR Incidence OR Prevalence OR Mortality OR
Severity OR Sequelae OR Etiology OR Complication) (Supplementary Appendix 2). The reference lists of the
selected articles were screened manually. The inclusion criteria were as follows: (1) studies reporting laboratory-
confirmed RV-associated diarrhea cases in children under 5 years of age; (2) studies reporting more than one
clinically relevant outcome parameters (incidence rate, etiological pattern, genotype distribution, RV detection
rate, seasonal variation, demographic characteristics [gender/age distribution], clinical manifestations, or long-
term sequelae); and (3) studies employing standardized laboratory confirmation methods for RV identification
(enzyme-linked immunosorbent assay, reverse transcription-polymerase chain reaction, viral culture, indirect
immunofluorescence assay, electron microscopy, latex agglutination testing, immunochromatographic assays,
or polyacrylamide gel electrophoresis). The exclusion criteria were as follows: (1) reviews, meta-analyses, case
reports, animal studies, and duplicate publications; (2) studies involving non-representative populations, such as
patients with low birth weight, chronic illness, atypical gastroenteritis, or HIV/AIDS; and (3) studies conducted
in Hong Kong SAR, Macao, or Taiwan (China). Following an initial screening of the titles and abstracts, two
researchers independently reviewed the full texts of potentially eligible articles. Any disagreements were resolved
through consensus or by discussion with a third researcher.

Data extraction and literature quality assessment

Bibliographic management was conducted using EndNote. Data extraction and quality assessment were
performed independently by two researchers. The following information was collected from the eligible studies:
number of positive RV cases, RV positivity rate, RV incidence, age category, gender characteristics, seasonal
patterns, genotypes, hospitalization status, study design and complexity, and diagnostic or genotyping methods.
Literature quality was assessed according to the Strengthening the Reporting of Observational Studies in
Epidemiology checklist'®, as well as the methodological insights provided by Sanderson et al.'” and Fowkes
et al.!8, Participant selection methods, exposure and outcome variable measurement, and confounding factor
control were selected as the primary criteria, while study design-specific bias sources and statistical approaches
were selected as the secondary criteria. The overall risk of bias was quantified using a customized algorithm
(Supplementary Appendix 3) implemented in Microsoft Excel. The algorithm independently evaluated each
criterion based on a four-tier risk of bias classification: high, medium, low, or unclear. Ultimately, each study was
assessed and classified as having a high, medium, or low risk of bias. A study was considered to have a high risk
of bias if it contained at least one criterion that clearly indicated bias or at least two primary criteria suggesting
potential bias or uncertainty. A medium risk of bias was assigned if two or more criteria indicated possible bias
or uncertainty. Conversely, a study was classified as having a low risk of bias if no major criteria suggested bias
and only minor criteria indicated possible bias or uncertainty.

Data classification and integration

China is divided into seven distinct geographical regions, namely Northeast China, North China, East China,
Central China, South China, Northwest China, and Southwest China'®. The provinces were categorized into
high-income, middle-income, and low-income groups based on their gross regional product (GRP) per capita
relative to the national averagezo. The GRP per capita of the high-, middle-, and low-income groups were >120%,
80-120%, and < 80% of the national average ($15,133.11), respectively.

Statistical analysis

RV prevalence was calculated as the number of RV-positive cases divided by the total number of tested cases. A
meta-analysis of the pooled proportions was conducted using the Metafor package in the R (v4.3.1) software,
with pooled estimates derived using the Mantel-Haenszel method. Heterogeneity was assessed by calculating
the I? statistic. Substantial heterogeneity (I?>50%, p<0.05) was addressed by a random-effects model applied
using the DerSimonian-Laird method!”. Publication bias was evaluated using Egger’s test and visualized using
a funnel plot?.
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Results

Literature selection

A total of 9,281 articles were initially identified from online databases, along with 24 additional articles
retrieved through manual searches of references and citations. After removing 1,026 duplicate records and
excluding 227 articles that were published in minor journals, we selected 8,052 articles for title and abstract
screening. Following this, 7,507 articles were excluded, leaving 545 for full-text review. Ultimately, 73 articles
that met the inclusion criteria were selected for meta-analysis. Among these, 69 reported only on RV positivity
rates, 3 exclusively reported on RV incidence, and 1 provided data on both RV positivity rate and incidence.
Additionally, we included four articles on RV-related diarrhea incidence for qualitative description (Fig. 1). Of
the 73 included articles, 19 were published in English, while 54 were in Chinese. A detailed description of the
search strategy is provided in Supplementary Appendix 2, while details about the authors, publication year, study
location (province), participant age, specimen type, diagnostic methods, sample size, and research outcomes are
presented in Supplementary Appendices 4 and 5. The quality assessment of articles reporting RV positivity rates
is presented in Supplementary Appendix 3.

Basic characteristics of included articles

The majority of RV infections were reported from hospitals. Of the included studies, 60 (82.2%) were hospital-
based, while 13 (17.8%) used data from NNIDSS, A total of 34 (46.5%) articles reported only on RV testing,
while 36 (49.3%) articles reported on testing for multiple pathogens, including RV, norovirus, and enteric
adenovirus. Additionally, 66 (94%) articles reported on the clinical diagnostic criteria for RV-related diarrhea.
In terms of the healthcare settings, 33 (47%) articles considered outpatients, 19 (27%) considered inpatients,
7 (10%) considered both outpatients and inpatients, and 11 (16%) had unspecified study population. Further
details about the selected articles are available in Supplementary Appendix 4.

Incidence of RV-related diarrhea

Four population-based studies reported on the incidence of RV-related diarrhea in children under 5 years of age.
Luo?” reported an average annual national incidence of 0.637 /1000 persons between 2005 and 2018. Ding et
al.?? reported an incidence of 12.7 per 1,000 person-years in Zhongshan (Guangdong, China) from 2015 to 2021;
Zhou et al.** reported an incidence of 21.8 per 1000 person-years in Sanjiang (Guangxi, China) in 2013; and Chen
et al.?® reported an incidence of 31.46 per 1000 person-years in Yuhuan (Zhejiang, China) from December 2016
to April 2017. Further details about these population-based studies are provided in Supplementary Appendix 5.

RV positivity rates

This meta-analysis involved a total 70 studies, which investigated the RV positivity rate, encompassing 605,466
pediatric diarrhea cases in China. The pooled RV detection rate for the under-5 age group was 24.7%. The
highest RV prevalence occurred in children aged 1-2 y (36 studies, n=101,419), with 36.4%(95% CI 31.5-41.3)
RV positivity rate. RV positive rate showed a gradual decline among the older pediatric age groups, being 28.4%
in 2-3 y-olds (27 studies), 21.4% (95% CI 15.8-27.1) in 3-4 y-olds, and 16.4%(95% CI12.4-20.5) in 4-5 y-olds.

PubMed: 4,728 records
CNKI: 1,301 records

Web of science: 2,596 records manual searches of
Wanfang: 656 records references and citations
Total: 9,281 records n= ZT)
Research in minor |
journals (n =227) \l'

Records screened
(n=9,078)

Duplicates removed
(n=1,026)

8,052 records screened
based on title and abstract

excluded based on title
and abstract (n = 7,507)

Articles assessed for Articles excluded (n =472) :

eligibility (n = 545) Irrelevant (n = 338)

Research conducted before 2013 (n = 57)

Original data cannot be extracted(n = 42)

Replicates (n = 20)

Studies included in Non-cross-sectional research (n = 15)
review (n =73)

Fig. 1. Flow diagram of literature search and selection.
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East China

Study Events Total Rate 95%-Cl Weight
L Bao, 2021 426 1634 - 0.26 [0.24;0.28] 4.6%
L Bao, 2022 179 999 -t 0.18 [0.16;0.20] 4.6%
WJ Bi, 2020 66 962 & 0.07 [0.05;0.09] 4.6%
Y Cai 2017 31 212 —— 0.15 [0.10;0.20] 4.3%
HL Chang, 2021 416 2476 = 0.17 [0.15;0.18] 4.6%
YM Chen, 2018 265 1224 HE 0.22 [0.19;0.24] 4.6%
D Chen, 2019 60 277 —— 0.22 [0.17;0.27] 4.3%
SX Dong, 2021 389 1211 —- 0.32 [0.29;0.35] 4.6%
HX Ge, 2018 549 1735 b= 0.32 [0.29;0.34] 4.6%
M Gong, 2018 144 462 —a— 0.31 [0.27;0.36] 4.4%
H Hang, 2017 207 737 — 0.28 [0.25;0.31] 4.5%
ZJ Jiang, 2020 218 1077 - 0.20 [0.18;0.23] 4.6%
XZ Kuang, 2019 142 1018 - 0.14 [0.12;0.16] 4.6%
XZ Kuang, 2020 85 878 - 0.10 [0.08;0.12] 4.6%
XZ Kuang, 2021 142 805 — 0.18 [0.15;0.20] 4.6%
S Shen, 2022 70813 198130 0.36 [0.36;0.36] 4.7%
YF Song, 2015 99 446 —— 0.22 [0.18;0.26] 4.4%
WQ Wang, 2020 178 1896 - 0.09 [0.08;0.11] 4.7%
W Yan, 2020 10 161 —— 0.06 [0.03;0.11] 4.5%
F Yu, 2015 122 797 . 0.15 [0.13;0.18] 4.6%
JM Yuan, 2019 61 428 — 0.14 [0.11;0.18] 4.5%
LP Yuan, 2020 276 1095 - 0.25 [0.23;0.28] 4.6%
Random effects model 218660 < 0.20 [0.16; 0.23] 100.0%

Heterogeneity: = 99.6%, 2= 0.0071,p =0 I T T T T T 1
0.05 0.1 0.15 0.2 0.25 0.3 0.35

South, Southwest and Central China

Study Events Total Proportion 95%-Cl Weight
YH Cao, 2022 216 894 - 0.24 [0.21;0.27] 5.3%
YY Chen,2020 485 1097 - 0.44 [0.41,0.47] 5.3%
ZQ Dian, 2017 5284 15993 0.33 [0.32;0.34] 5.4%
HJ Jiang, 2023 20013 149492 0.13 [0.13;0.14] 5.4%
YB Kang, 2018 349 1224 - 0.29 [0.26;0.31] 5.3%
CJ Li, 2015 295 1248 - 0.24 [0.21;0.26] 5.3%
J Li, 2021 116 922 W 0.13 [0.11;0.15] 5.3%
YQ Qiao, 2018 179 439 : — 0.41 [0.36;0.46] 5.2%
D Ren, 2021 59 565 =~ 0.10 [0.08;0.13] 5.3%
YY Yang, 2020 1236 2857 = 0.43 [0.41;0.45] 5.3%
HS Zeng, 2015 17 120 —+— 0.14 [0.08;0.22] 5.0%
YJ Zeng, 2019 435 1445 T 0.30 [0.28;0.33] 5.3%
SX Zhang, 2017 244 850 += 0.29 [0.26;0.32] 5.3%
YL Zhang, 2018 30 184 —— 0.16 [0.11;0.22] 5.1%
T Zhang, 2022 111 1029 =+ 0.11 [0.09; 0.13] 5.3%
JY Zhao, 2016 370 880 - 0.42 [0.39; 0.45] 5.3%
FX Zhou, 2018 239 470 —- 0.51 [0.46;0.55] 5.2%
XH Zhu, 2016 98 240 — 0.41 [0.35;0.47] 5.0%
ZH Zhu, 2016 775 3459 0.22 [0.21;0.24] 5.3%
Random effects model 183408 <= 0.28 [0.22; 0.34] 100.0%

Heterogeneity: = 99.7%, 2= 0.0164,p =0 ' J ! ! !
0.1 02 03 04 05

Fig. 2. Forest plots of RV infections in different geographical regions of China.

Hospitalized patients demonstrated a 24.1% RV positivity rate and the outpatient cohorts exhibited a 22.2%
(95% CI 17.5-27.0) RV positivity rate. Studies encompassing both inpatients and outpatient settings recorded
the highest pooled RV prevalence of 28.5%. A pooled analysis of 56 studies (n=115,330 cases) demonstrated a
pooled RV positivity rate of 27.3%(95% CI 24.2-30.3) before the marketing authorization of the RotaTeq" vaccine
in 2018. In contrast, pooled analysis of 25 studies (1==803,286 cases) revealed a significant reduction in the RV
positivity rate (21.5%) (95% CI 17.0-25.9) following RotaTeq licensure. A pooled analysis of 46 pre-COVID
19 studies (1=316,968 cases) revealed an RV positivity rate of 28.8%. In contrast, analysis of 5 post-pandemic
studies (n=33,936 cases) showed a marked reduction in the RV positivity rate (22.5%, 95% CI 12.7-32.2). A
total of 18 studies conducted in winter showing the highest pooled positivity rates of 39.3%. Spring and autumn
exhibited comparable RV positivity rates (25.1% and 24.2%), while summer (17 studies) recorded the lowest
point at 12.9%(95% CI 7.9-18.0). The RV prevalence for east, north, south and central part of China were shown
in Fig. 2. Geographical stratification showed that Northeast China (3 studies) had the highest RV positivity rates
(29.7%,95% CI 4.8-54.5), followed by Central China (27.9%, 95% CI15.8-39.9), South China (27.5%, 95% CI
10.1-44.8), and Southwest China (27.4%, 95% CI 19.4-35.4), which demonstrated similar prevalence patterns

Scientific Reports |

(2025) 15:15973 | https://doi.org/10.1038/541598-025-00778-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

North, Northeast, and Northwest China

Study Events Total Proportion 95%-Cl Weight
YY Cai, 2019 352 682 — 0.52 [0.48;0.55] 4.0%
M Cao, 2023 1159 4884 0.24 [0.23;0.25] 4.1%
LX Chen, 2016 39 134 —— 0.29 [0.22;0.38] 3.7%
XX Dong, 2021 152 897 - 0.17 [0.15;0.20] 4.1%
YL Ji, 2020 142 972 B 0.15 [0.12;0.17] 4.1%
Y Jiao, 2023 54 748 B 0.07 [0.05;0.09] 4.1%
X Li, 2023 982 2565 - 0.38 [0.36;0.40] 4.1%
C Liu, 2020 422 1398 - 0.30 [0.28;0.33] 4.1%
WC Ma, 2015 125 402 —— 0.31 [0.27;0.36] 4.0%
BRM Sha, 2019 194 597 = 0.32 [0.29;0.36] 4.0%
BRM Sha, 2023 428 1173 . 0.36 [0.34;0.39] 4.0%
Y Tian, 2018 483 2405 0.20 [0.18;0.22] 4.1%
S Wang, 2014 64 243 — 0.26 [0.21;0.32] 3.9%
F Wang, 2019 113 219 : —_— 0.52 [0.45;0.58] 3.8%
ZX Yan, 2019 322 1533 - 0.21 [0.19;0.23] 4.1%
YN Yang, 2018 138 818 - 0.17 [0.14;0.20] 4.1%
QL Yu, 2016 241 686 — 0.35 [0.32;0.39] 4.0%
YH Yu, 2019 1058 2499 : = 0.42 [0.40;0.44] 4.1%
L Yuan, 2018 130 400 | 0.32 [0.28;0.37] 3.9%
J Yuan, 2019 419 7082 i 0.06 [0.05;0.06] 4.1%
JM Zhang, 2016 67 321 —_ 0.21 [0.17;0.26] 4.0%
JY Zhang, 2019 26 181 —F— 0.14 [0.10;0.20] 3.9%
JF Zhang, 2017 314 1791 - 0.18 [0.16;0.19] 4.1%
YK Zhang, 2017 36 212 0.17 [0.12;0.23] 3.9%
MY Zhao, 2015 318 1165 = 0.27 [0.25;0.30] 4.1%
Random effects model 34007 e 0.26 [0.22; 0.31] 100.0%

Heterogeneity: /> = 99.4%, 1= 0.0141,p =0 ! T T T !
01 02 03 04 05

Figure 2. (continued)

(I?>98.6%, p<0.0001). Notably, East China (22 studies) showed the lowest regional RV prevalence (19.9%, 95%
CI 16.4-23.5) despite contributing the largest sample (1n=218,660). Low-income regions exhibited the highest
RV detection rate (32.2%,95% CI 26.7-37.7), followed by the middle-income (24.4%, 95% CI 19.0-29.8) and
high-income (20.5%,95% CI17.3-23.6) regions (Tables 1 and 2).

Prevalence of different RV genotypes

The prevalence of RV G9 genotype (24 studies) was estimated to be 69.6%(95% CI 60.6-78.5), while that of the
RV G3 and G1 genotype was 10.7% and 7.0% respectively. The prevalence of the RV P8 genotype (24 studies) was
82.1%(95% CI 74.5-89.7). Among the G-P genotypes, GIP[8] (22 studies) exhibited the highest prevalence, at
71.7%(95% CI 64.9-78.6). The G3P[8] and G1P[8] genotypes exhibited prevalence at 9.5% and 6.2% respectively
(Table 3). The prevalence of G9P[8] rose from 50.3%(95% CI 26.8-73.8) in 2013 to 93.6% (95% CI 87.4-99.9) in
2020, emerging as the dominant circulating genotype in China (Supplementary Appendix 6).

Publication bias
Egger’s test revealed no significant publication bias among the 70 included studies (0.21; 95% CI 0.15-0.26,
p=0.067). Funnel plots illustrating the RV positivity distribution are provided in Supplementary Appendix 7.

Discussion

Our study found that only four studies have investigated the incidence RV-related diarrhea, with the incidence
ranging from 0.637 per 100,000 to 31.6 per 100,000 persons. The substantial disparities in the findings may be
attributed to the distinct surveillance methods employed across the studies. Our study also revealed a 24.7%
RV positivity rate among children under 5 years of age in China. The RV positivity rates decreased from 27.3
to 21.5% pre- and post- the RotaTeq  approval and declined from 28.8 to 22.5% before and after the COVID-19
pandemic. The prevalence of G9P[8] rose from 50.3% in 2013 to 93.6% in 2020.

Our analysis identified peak RV positivity in children aged 1-2 y. The age-dependent factors (waning
maternal immunity; exploratory behaviors; and sanitation disparities) may drive the high RV positive rate in
this age group?®8. Considering the high prevalence of RV infections within the 0-3 age group, our findings
corroborate WHO recommendations for prioritizing RV vaccination within the first 24 months, optimally
initiated at 6-12 months, to bridge critical immunity gaps®®. In addition, our study revealed a higher RV
positivity rate among hospitalized patients (24.1%) compared to outpatients (22.2%). This could be attributed to
the fact that the clinical severity of inpatients is higher than that of outpatients. This finding corroborates African
epidemiological data (2009-2022)%, where RV prevalence was estimated to be 25.0% (95% CI 17.8-33.0%) in
ambulatory gastroenteritis cases and 33.2% (95% CI 31.1-35.4%) in hospitalized patients.

Our study showed peak positivity rates during winter (39.3%) and spring (25.1%). Under low-temperature
conditions, rotavirus has a longer survival time in the environment, thereby increasing the opportunity for
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Total patients ;}(‘),sitive patients l;‘;sitive rate (%, 95% CI) | I> (%) | P-value | Number of included articles

Age groups

0-1y 177,651 49,728 25.5(21.0-29.9) 99.5 <0.0001 |35
0-6 m 87,029 21,799 17.4 (13.5-21.3) 99.6 <0.0001 | 34
6-12m 88,289 27,432 32.4(27.3-37.6) 98.0 <0.0001 |31
1-2y 101,419 37,630 36.4 (31.5-41.3) 99.0 0 36
2-3y 42,385 15,241 28.4(22.1-34.7) 98.9 0 27
3-4y 17,213 4629 21.4 (15.8-27.1) 97.0 <0.0001 |15
4-5y 13,546 2808 16.4 (12.4-20.5) 94.6 <0.0001 |15
Healthcare setting

Hospitalized patients 193,970 30,692 24.1(19.7-28.4) 99.6 0 19
Outpatients 26,170 5698 22.2(17.5-27.0) 98.4 <0.0001 |33
Inpatients and outpatients | 352,143 110,947 28.5(22.0-35.0) 99.9 0 7
Unspecified 23,591 6875 22.6 (14.9-30.3) 99.3 <0.0001 |11
Marketing authorization of RotaTeq®

Pre-licensure 115,330 32,565 27.3 (24.2-30.3) 99.4 0 56
Post-licensure 803,286 163,522 21.5(17.0-25.9) 99.8 0 25
COVID-19

Pre-pandemic 316,968 104,165 28.8 (25.8-31.8) 99.6 0 46
Post-pandemic 33,936 6393 22.5(12.7-32.2) 97.6 <0.0001 |5

Table 1. Stratified analysis on RV positivity in children under the age of 5 years in China. COVID-19,
Coronavirus disease 2019; CI, confidence interval; and RV, rotavirus.

l;:’s-itive patients ::;?:nts RV Positive rate (%, 95% CI) | 12 (%) | P-value | Number of included articles
Seasonal distribution®
Spring 17,957 60,005 25.1(18.3-31.9) 99.6 0 19
Summer 13,878 61,333 12.9 (7.9-18.0) 99.7 0 17
Autumn 21,081 69,684 24.2 (18.0-30.5) 99.6 0 17
Winter 32,677 67,259 39.3 (30.5-48.1) 99.8 0 18
Regional distribution
Northeast China 2192 5961 29.7 (4.8-54.5) 99.6 <0.0001 |3
North China 2785 11,946 24.4 (18.5-30.2) 98.1 <0.0001 | 7
Northwest China 2801 16,100 27.4(17.9-36.9) 99.5 0 3
Central China 1739 7184 27.9 (15.8-39.9) 98.9 <0.0001 | 8
Southwest China 22,731 157,766 | 27.4 (19.4-35.4) 99.6 0 8
South China 797 2465 27.5(10.1-44.8) 98.6 <0.0001 | 14
East China 74,878 218,660 |19.9 (16.4-23.5) 99.6 0 22
Economic distribution®
High—income regions 76,545 225,903 | 20.5(17.3-23.6) 99.6 0 30
Middle-income regions | 32,498 137,646 | 24.4 (19.0-29.8) 99.6 0 20
Low-income regions 31,401 183,596 | 32.2(26.7-37.7) 99.7 0 17

Table 2. Seasonal, regional, and economic distribution of RV infections. *Spring: 1 March to 31 May; Summer:
1 June to 31 August; Autumn: 1 September to 30 November; and Winter: 1 December to 28/29 February.
PHigh-income regions: GRP pc>20%; middle-income regions: GRP pc between 80 and 120%; and low-income
regions GRP pc<80% of the national average ($15133.11).

transmission®!~33. Northeast China demonstrated the highest RV prevalence (29.7%), while East China exhibited
lower RV prevalence rates (19.9%). This discrepancy may be attributed to a combination of temperature factors
and differences in RV vaccination coverage rates.

Our study demonstrated a decline in the RV positivity rates from 27.3 to 21.5% following the marketing
authorization of RotaTeq” in 2018. Several countries with high RV vaccine coverage have documented the
substantial reductions in the incidence of rotavirus gastroenteritis (RVGE). A study conducted in the United
States found that RotaTeq” administration is associated with a 66% reduction in RVGE-related hospitalizations

and a 74% decrease in associated healthcare costs'’. Similarly, in Finland, the integration of RotaTeq into
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Total RV prevalence
Genotypes | RV-positive patients | patients | (%, 95% CI) 12 (%) | P-value | Number of included articles
RV 157,217 605,466 | 24.7 (22.1-27.4) | 99.8 <0.0001 | 70
G9 6472 9250 | 69.6 (60.6-78.5) | 99.8 0 24
G3 753 8446 |10.7 (6.0-15.4) | 95.8 <0.0001 |23
Gl 684 8044 7.0 (4.1-9.9) 96.8 <0.0001 | 20
G2 434 7305 6.7 (4.1-9.2) 90.0 <0.0001 | 18
G4 54 5437 1.0 (0.5-1.5) 77.4 <0.0001 | 10
G8 70 3297 2.5(0.03-4.91) | 91.5 <0.0001 | 6
P8 7181 9247 | 82.1 (74.5-89.7) | 99.9 0 24
P4 746 8298 7.6 (4.7-10.5) | 95.5 <0.0001 |18
P6 136 5742 2.3 (0.5-4.0) 93.1 <0.0001 | 10
P9 31 2491 | 1.14(0.29-1.98) | 80.0 0.0018 4
P11 13 1369 3.3(0-9.8) 77.9 0.0333 2
P5 1 142 0.7 (0.02-3.7) |/ / 1
GIP[8] 6378 9022 | 71.7 (64.9-78.6) | 97.8 <0.0001 |22
G3P[8] 594 7555 | 9.5(5.7-13.3) |94.7 |<0.0001 |21
GI1P[8] 407 5881 6.2(3.2-9.2) 95.6 <0.0001 | 16
G2P[4] 326 6561 5.3(3.3-7.3) 88.6 <0.0001 | 15
G9P[4] 65 5585 | 1.1(0.5-1.7) |72.3 |0.0002 |10
G2P[8] 42 3453 1.3 (0.2-2.3) 74.7 0.0006 7
G8P[38] 57 1849 | 5.7(0.03-11.4) | 922 |<0.0001 | 3

Table 3. Meta-analyses of P, G, and PG genotypes of RV (2013-2023).

the National Immunization Program resulted in a 90% reduction in both RVGE-related hospitalizations and
outpatient clinic visits*. Similar results have been reported among children in South Australia'¥, Northeast
Poland?®, and Taiwan, China®’.

From a genotypic perspective, GOP[8] exhibited the highest RV positivity rate (71.7%) among the under-5
age group in China. A meta-analysis of 361 studies®® from 2005 to 2023 conducted in 204 countries found
that following the introduction of RotaTeq or Rotarix, the prevalence of the G9P[8] genotype decreased from
17 to 7.6% globally, indicating that the vaccine may influence the circulation of G9P[8] genotype. However,
China showed the opposite trends in the GOP[8] genotype prevalence. The discrepancy could be attributed to
insufficient rotavirus vaccination in China.

Following the COVID-19 pandemic, RV prevalence declined from 28.8 to 22.5%, consistent with the a
nationwide, retrospective, case registry-based surveillance study conducted in Finland®®, which reported that
compared with the pre-pandemic period (2018-2019), the incidence of gastroenteritis-related healthcare visits
among under-5 children decreased by 46% in 2020 (from 703 to 381 per 100,000). Similar trends have also
been observed in Germany*’, Japan*!, and Australia®’. These findings suggest that the non-pharmaceutical
interventions to control COVID-19 may have inadvertently contributed to reducing the transmission of various
viruses, including RV*4344,

Limitations

Notwithstanding these insights, several constraints in our study warrant acknowledgment. First, significant
heterogeneity was evident across included studies, manifesting as marked variability in the reported effect sizes.
This inconsistency likely stems from inter-study differences in demographic sampling frameworks, geographic
representativeness, and RV ascertainment methodologies. Second, our strict inclusion criteria for Chinese
publications may inadvertently exclude regionally relevant data, potentially introducing underrepresentation
biases. Lastly, while our analysis identified a temporal correlation between RotaTeq' authorization and reduced
RV positivity rates, establishing causality requires further evidence from controlled prospective studies.

Conclusions

Despite the aforementioned limitations, this investigation establishes critical baseline data for assessing the
rotavirus-associated diarrheal disease burden in China. Our analysis identified a concerning paucity of high-
quality epidemiological studies quantifying rotavirus incidence, compounded by data source variations across
existing studies. There is an urgent need for more standardized and rigorous studies focusing on incidence rates
to accurately assess the disease burden of RV-related diarrhea. Our analysis also revealed slight shifts in the
epidemiological profile of rotavirus infections pre- and post- RotaTeq’ licensure. These findings suggest that the
RotaTeq vaccination may precipitate dynamic alterations in circulating viral genotypes. Accordingly, it is crucial
to strengthen surveillance initiatives aimed at monitoring the incidence RV-related diarrhea and RV genotypes
and boost rotavirus vaccination to curb the disease burden of RV-related diarrhea.
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Data availability
The datasets used and analyzed during the current study available from the corresponding author (Yaming
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