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Background: Japanese encephalitis (JE) is an acute viral disease transmitted
mainly by mosquitoes, primarily affecting Southeast Asia, and the Western
Pacific. This study aimed to analyze the factors contributing to JE occurrence
in pigs across China.

Methods: A systematic search was done using six databases for the published
epidemiological studies on porcine JE, including the Chinese Web of Knowledge
(CNKI), Wan Fang Database, ScienceDirect, Web of Science, VIP Chinese Journal
Database, and PubMed.

Results: A meta-analysis of 31 studies from 2000 to 2024 found an overall
prevalence of 35.2% (95% Cl: 25.1-46.1). The highest prevalence occurred
between 2010 and 2015 at 53.4% (95% Cl. 44.2-80.6), from 2010 to 2015,
increased precipitation and favorable annual temperatures led to the proliferation
of mosquitoes, causing Japanese Encephalitis outbreaks among swine. While
the lowest was 2.5% (95% CI: 0.2-6.6) in temperate climates. Serum samples
showed the highest prevalence 38.1% (95% Cl: 27.9-48.9), and ELISA testing
had a higher detection rate 38.2% (95% Cl: 24.5-52.9). In the farming mode
subgroup, the highest prevalence was observed in the large-scale farming
mode at 40.9% (95% Cl: 26.4-66.3).

Conclusion: The study highlights the spread of JE across China and suggests
that it may be underrecognized in some areas. Continuous monitoring and
improvements in farming practices are essential for controlling the disease.
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1 Introduction

The farm animals play an essential role in maintaining the global
food security (1, 2). They were subjected to different pathogens that
affected their productivity (3-5), especially the swine sector is affected
by different pathogens (6-9).

Japanese encephalitis (JE) also known as Epidemic encephalitis B
(10), is a naturally occurring epidemic caused by the insect-born
Japanese encephalitis virus (JEV); a member of the flavivirus group (11,
12) which leads to neurological disorders by affecting the central
nervous system of animals (13, 14), and has been classified as a category
II of animal diseases in China (15). Because of the disease zoonotic
potentiality, the World Health Organization (WHO) recommends
human immunization as the most effective means to control the JE (16).
Though the disease can occur year-round (17), it shows distinct
seasonality, peaking in summer and fall (18). Outbreaks can also
be triggered by poor feeding management, unsanitary conditions, and
abnormal climate changes (19). The JEV is transmitted by mosquito
vectors (20), with birds and bats serving as the primary reservoir hosts.
It has a broad host range, including various animal species and humans.
Notably, pigs, horses, and humans exhibit observable clinical symptoms,
while other infected animals generally do not show significant signs of
infection (21). The pigs play a crucial role mainly as amplification hosts
during human outbreaks (17, 22, 23). Pigs may exhibit prolonged
viremia, lasting from weeks to months, and are susceptible to the
disease at any age (24). Infection of sows during gestation period might
result in abortion, stillbirth, or give birth to mummified fetuses. While,
in boars, infection causes swollen testes, reduced sperm quality,
diminished libido, and eventual reproductive failure (25). The main
route of infection is through biting of mosquitoes vector; mainly the
Culex tritaeniorhynchus, fed on diseased pigs. The virus can survive and
replicate within mosquitoes, which then transmit it to other pigs and
people through bites (26). Pigs play a crucial role as amplifying hosts in
the JE transmission cycle, alongside water birds (27). They can develop
viremia sufficient to sustain transmission and are frequently linked to
epizootic spillover leading to human JE cases (27). Recent studies have
revealed that pigs can shed JEV through multiple routes and maintain
persistent infections, suggesting a potential for vector-free transmission
among pigs (27, 28). Pigs are primary reservoirs for the JEV, which
mosquitoes can transmit to humans. In Mainland China, with the
improvement of living standards, the number of pigs is increasing
gradually. According to government statistics, in 2014, the number of
pigs in Mainland China was estimated as approximately 465,827,000,
and pork is commonly consumed by the Chinese population (29).
Therefore, pigs are the most important potential source for Japanese
encephalitis infection in humans. Surprisingly, the virus can overcome
the vector mosquito route and spread between swine herds through
highly contagious oro-nasal secretions (30). The virus persists even
during winter when mosquito populations are low (31), which
complicate the eradication efforts. Consequently, the disease poses a
serious threat to the pig farming industry, causing significant economic
losses and hindering industry growth in China and globally (32).

The epidemiological situation of the disease varies between the
countries but mainly found across East and Southeast Asia, including
China, Japan, Korea, India, Thailand, and Vietnam (33). The causative
agent can infect multiple host species including equine and swine. The
JEV P3 strain was first isolated in China in 1949 and remained
endemic for the next 60 years (34). Mosquito species are the primary
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vectors of this virus, while pigs are the main reservoirs that promote
the transmission of JEV from animals to humans (26, 35). However,
China has a vast hog farming industry. According to statistics, the
number of pigs farrowed reached 735.1 million in 2014 (36). In 2015,
624 human cases of JE were reported in China, 19 of which were fatal
(26). Furthermore, the JEV has become a major pathogen causing
reproductive disorders in pigs, leading to severe economic losses (32),
making it also a potential threat to human health (24).

To our knowledge, no comprehensive systematic analysis of the
overall prevalence of this disease has been conducted in China. Thus,
this systematic review and meta-analysis aimed to examine the
prevalence of JE in Chinese swine herds and assess potential risk factors:
including time of sampling, area of sample collection, testing method,
and type of samples, in addition to the evaluation of raw data from the
included studies, geographic factors such as longitude, latitude, elevation,
rainfall, humidity, temperature, and climate conditions were examined
to determine their relationship to the prevalence of the disease.

2 Materials and methods
2.1 Search strategy

This study followed the PRISMA guidelines (Supplementary Table S1)
(37, 38). Literature related to porcine JE was retrieved from six databases,
including PubMed, ScienceDirect, Web of Science, CNKI, Wan Fang
Data Knowledge Service Platform, and Wipro Chinese Journal Database.
We reviewed all national literature on porcine JE published between
January 1, 2000, and May 8, 2024, with sampling dates from 1997
to 2021.

The following formulas and MeSH terms were used in PubMed

» « » «

“Swine,” “Pig,” “Encephalitis, Japanese” and “China” were used in
PubMed. Boolean operators “AND” were used to connect MeSH terms
and “OR” to connect the entry terms.

In ScienceDirect, we searched for “Prevalence,” “Swine,” “Japanese
B Encephalitisy” and “China” In Web of Science, “Japanese B

» <

Encephalitis,” “Swine,” and “Prevalence” were used as keywords. In
three Chinese databases, “liuxingxingyixingnaoyan (in Chinese)” and
“zhu (in Chinese)” or “yixingnaoyan (in Chinese)” and “zhu (in
Chinese)” were used to search with fuzzy search and synonym
expansion in advanced searches. Detailed search formulas were
provided in Supplementary Table S2. Retrieved articles were sorted
and screened with Endnote X21 (version 21.2.0.17387).

Studies were included if they met the following criteria: (1) Study
subjects must be pigs; (2) The objective must be to assess the prevalence
of JE infection; (3) Data must include the total number of pigs tested
and those testing positive; (4) The study must be conducted in China;
(5) The study design must be cross-sectional; (6) The study must
be published in Chinese or English. (7) The pigs must be naturally
infected. Studies not meeting these criteria were excluded. Duplicate
studies and review articles (non-research papers) were also excluded.

2.2 Data extraction and quality assessment
Four reviewers utilized a standardized data collection form to

extract data for the meta-analysis (39). Discrepancies between
reviewers or uncertainties regarding study quality were resolved by the
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lead author. The extracted data included: first author, sampling year,
publication year, sample type, geographic area, province, latitude and
longitude, elevation, mean annual temperature, humidity, max/min
temperature, max daily precipitation, climate, testing method, age, sex,
season of collection, feeding method, mode of swine husbandry, total
swine samples, and number of positive samples for JE.

The quality of the publications was assessed using a standardized
scoring method (40). Each study was evaluated on specific criteria (such
as randomized sampling, assay clarity, detailed sampling methods, clear
sampling timeframes, and inclusion of four or more relevant factors).
Each study received a score from 0 to 5 on a standardized scale.

2.3 Data analysis

All calculations, including those related to the prevalence of
porcine JE, were conducted using R software (version 4.0.2) using data
from multiple studies. The double-arcsine transform (PFT) were
selected for rate conversion based on these results and prior research
findings (Table 1) (41).

The PFT formula is:

t = arcsin {sqrt H; . 1)}} +arcsin {sqﬂ H:—r 11))/ }} se(t)
- Sqrt|}1/1 + 0.5)}

p= [sin(t / 2)]2

Note: t: conversion prevalence; r = positive rate; n = sample size;
se = standard deviation.

Forest plots were employed to visualize the results and assess
heterogeneity between studies. Heterogeneity was calculated using
Cochran’s Q-test and the I statistic, with 50% as the critical value for I.
The y* test (p<0.05) was also applied. I”<50%indicates low
heterogeneity, suggesting that the differences in study results were
primarily due to random errors. I* > 50% indicated high heterogeneity
and significant inconsistency between study results, suggesting that
other factors may contribute to the observed variations. In such cases,
potential factors contributing to heterogeneity require further
investigation. These methods were applied to assess the statistical
significance of heterogeneity in the selected studies. When heterogeneity
was evident, a random-effects model was employed for meta-analysis
(42). Publication bias was evaluated with funnel plots, the trim-and-fill

TABLE 1 Normal distribution test for the normal rate and the different
conversion of the normal rate.

Conversion form ‘ w ‘ P

PRAW 0.942 0.093
PLN 0.901 0.008
PLOGIT 0.979 0.793
PAS 0.966 0.406
PFT 0.969 0.500

“PRAW?”: original rate; “PLN”: logarithmic conversion; “PLOGIT”: logit transformation;
“PAS”: arcsine transformation; “PFT”: double-arcsine transformation; “NaN”: meaningless
number; “NA”: missing data.
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method, and Egger’s test. Studies suggested that different subgroups
may produce varying funnel plots due to changes in prevalence over
time (36). Thus, each subgroup was further evaluated through funnel
plots and forest plots. Sensitivity analyses were conducted to determine
if any single study significantly impacted the overall estimates (43).

Heterogeneity is a critical metric in meta-analyses; thus, accurate
assessing is essential to identifying key factors for preventing JE infection
in pigs nationwide. To explore potential sources of heterogeneity,
subgroup analyses and univariate regression were employed to identify
its predictors. The factors assessed included; geographic region
(Northeast vs. other regions), sampling period (post-2015 vs. pre-2010
and 2010-2015), assay method (PCR vs. ELISA, RT-RAA, LAT), season
(autumn vs. spring, summer, winter), sex (boars vs. sows), age
classification (nursery pigs vs. Weaned piglets and fattening pigs), sample
type (serum vs. organization, brain tissue, blood), feeding system (large-
scale vs. free-range), and study quality (high-quality vs. medium-quality
studies). To further explore other potential sources of heterogeneity,
we further assessed their geographic factors, in groups, which included
longitude, latitude, elevation, rainfall, humidity, and climate.

This meta-analysis adhered to the PRISMA guidelines
(Supplementary Table S1) (37, 38, 44). Correlations were analyzed for
each subgroup based on testing method and region to identify
heterogeneity sources. Heterogeneity in covariates was quantified
using the R? statistic. This meta-analysis lacked a review protocol and
was not registered with the Cochrane Database. The R codes for this
meta-analysis are available in Supplementary Table S3.

3 Results

A total of 481 studies were identified from six databases. A meta-
analysis was performed on 31 studies that met the inclusion and
exclusion criteria (Figure 1). Among the included studies, five had
quality scores between 4 and 5, 26 scored between 2 and 3, and none
scored between 0 and 1.

3.1 Publishing biased results

We assumed a random-effects model because there was apparent
heterogeneity in the studies (I =100%, p =0). The extent of
publication bias was assessed and illustrated by a funnel plot
(Figure 2). The Egger’s test (p <0.05) revealed that, there was
publication bias (p = 0.8732, Figure 3). The heterogeneity results were
shown by the forest plot (Figure 4). The result of the trim and filled
analysis showed that, no trimming was performed, and no data was
changed, which meant there may be no significant publication bias.
Therefore, our pooled estimates were relatively robust (p = 0, Figure 5;
Supplementary Tables S3, S4). The publication bias should
be interpreted with caution because of the inconsistency in the results.

3.2 Sensitivity analysis results

Sensitivity analyses showed that, excluding any single study did
not change the overall results, which remained consistent with prior
analyses (Figure 6). Therefore, the findings of this review and meta-
analysis were robust and reliable.
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FIGURE 2

Freeman-Tukey Double Arcsine Transformed Proportion

Funnel plot with pseudo 95% confidence interval limits for the examination of publication bias.

LRk (0=8)
Studies included in quantitative synthesis
(n=31)
FIGURE 1
Flow diagram of eligible studies for searching and selecting.
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3.3 A meta-analysis of Japanese

encephalitis in pigs in China

In China, all provinces showed a high prevalence of JE, except for
Qinghai, Tibet, and Xinjiang, which were unaffected regions (45). Our
meta-analysis covered seven geographic subregions: East China, South
China, North China, Central China, Southwest China, Northwest
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China, and Northeast China. The overall prevalence of JE in the
national swine population was 35.2% (95% CI: 25.1-46.1; Table 2).

04

South China had the highest prevalence among regions at 43.8% (95%
CI: 21.6-67.4; Table 2) (Supplementary Figure S1). Jiangxi Province
had the highest prevalence at 86.0% (95% CI: 24.8-100.0; Table 3)
(Supplementary Figure S10), followed by Chongqing Municipality at
77.4% (95% CI: 71.1-83.2; Table 3) (Supplementary Figure S10).
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FIGURE 3
Egger’s test for publication bias.

In this study, subgroup analyses were conducted based on
sampling time, region, season, testing method, age, province, sex,
breeding mode, sample type, and quality score. Sampling time,
region, testing method, and sample type were identified as significant
risk factors for JEV infection in pigs (p < 0.05, Table 2). The prevalence
of JE was 63.4% (95% CI: 44.2-80.6; Table 2) (Supplementary Figure 52)
with studies conducted between 2010 and 2015 were higher than
other periods. The infection rate in South China was 43.8% (95% CI:
21.6-67.4; Table 2) (Supplementary Figure S1), which was higher
than the other regions. While the lowest rate in the northeast was
recorded in 7.4%, (95%CI: 0.3-21.9; Table 2). In the climate subgroup,
the prevalence in temperate monsoon climates was 12.7% (95% CI:
5.7-21.9; Table 2) (Supplementary Figure S19) compared to 5.1%
(95% CI: 3.2-7.3; Table 2) (Supplementary Figure S19) in highland
alpine regions. Within the testing method subgroup, the prevalence
382% (95% CI. 24.5-52.9; Table 2)
(Supplementary Figure S4), while RT-RAA had the lowest prevalence
rate in 6.5% (95%CI: 3.3-10.5; Table 2) (Supplementary Figure 54).
The prevalence among samples tested as serum was 38.1% (95% CI:

using ELISA was

27.9-48.9; Table 2) (Supplementary Figure S3). The prevalence of
porcine JE in the assay method subgroups ranged from 38.2% (95%
CI: 24.5-52.9; Table 2) to 6.5% (95% CI: 3.3-10.5). Among all sample
types, serological testing samples had the highest prevalence of 38.1%
(95% CI: 27.9-48.9; Table 2), whereas tissue samples had the lowest
prevalence (4.4, 95% CI: 0.0-17.7; Table 2). In the seasonal subgroups,
winter had the highest prevalence of 51.3% (95% CI: 13.6-88.2;
Table 2) and autumn had the lowest prevalence of 23.8% (95% CI:
5.4-49.3; Table 2) (Supplementary Figure S6). Among the age
subgroups, fattening pigs were more affected, with a prevalence of
49.7% (95% CI: 29.8-69.7; Table 2), meanwhile nursery pigs had the
312%  (95% CI:  14.6-50.8)
(Supplementary Figure S8). Among the sex subgroups, the prevalence
was higher in saws (50, 95%CI: 26.8-73.3; Table 2) than in boars

lowest  prevalence  of
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(40.6, 95%CI: 19.4-63.7; Table 2) (Supplementary Figure S7). Among
the different farming modes, the positive detection rate was
significantly higher in mass culture (41.0, 95% CI: 26.4-56.3; Table 2)
than in free-range mode (35.8, 95% CI: 14.9-59.7; Table 2)
(Supplementary Figure S5). In the quality score subgroup, the
prevalence of score 3-4 (35.1, 95% CI: 24.2-46.9; Table 2) was higher
than 0-2 (29.3, 95% CI: 11.4-51.2) (Supplementary Figure S9).

In addition, geographic factors were analyzed to further
investigate the risk factors for the prevalence of porcine JE, such as
latitude, longitude, rainfall, altitude, climate, and temperature
variation. In the northern latitude subgroup, the highest prevalence
was found at 20-30 degrees north latitude (44.8, 95% CI: 32.4-57.4;
Table 4), whereas the lowest prevalence was found at 40-50 degrees
north latitude (10.9, 95% CI: 10.1-11.7; Table 4). In the east longitude
subgroup, the prevalence was higher in the 90-110 degree longitude
range compared to the other two groups (49.5, 95% CI: 48.7-50.4;
Table 4) (Supplementary Figure S12). In the altitude subgroup, the
prevalence of positive detections was higher in the altitude range
0-1,000 (47.1, 95% CI: 25.8-68.9; Table 4) than in the range 4,000
15,000 (21.7,95% CI: 6.2-43.1; Table 4) (Supplementary Figure S13).
The highest positive detection rate was observed at rainfall levels of
150-200 (63.7, 95% CI: 17.1-98.1; Table 4) compared to 0-50 (24.9,
95% CI: 10.4-43.1; Table 4) (Supplementary Figure S14), and the
highest prevalence rate was observed in the humidity subgroups of
75-85% at 46.6% (95% CI: 45.9-47.3; Table 4), while the lowest
prevalence was observed at 40-65% (12.4, 95% CI: 4.5-23.2; Table 4)
(Supplementary Figure S15). In the temperature subgroup, the
highest prevalence of 53.7% (95% CI: 34.7-72.2; Table 4) was
observed when the temperature reached 20-25°C, while the lowest

148% (95% CI. 5.7-27.2; Table 4)
Figures S16-118) was observed when the
temperature was ranged from 0 to 10°C. The prevalence was highest

prevalence  of
(Supplementary

when the temperature reached 20-25°C, while the lowest prevalence
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Weight Weight
Study Events Total Proportion 95%-Cl (common) (random)
Fan et al. (2014) 910 1056 i s 0.86 [0.84; 0.88] 2.0% 3.3%
Yao et al. (2022) 1199 1523 il * 0.79 [0.77; 0.81] 2.9% 3.3%
Huang et al. (2012) 2227 4282 i 0.52 [0.50; 0.54] 8.0% 3.3%
Hua and Li (2012) 1239 2906 i* 0.43 [0.41; 0.44] 5.5% 3.3%
Ma et al. (2020) 445 465 i + 0.96 [0.93; 0.97] 0.9% 3.2%
Zhao et al. (2023) 60 3105 : i 0.02 [0.01;0.02] 5.8% 3.3%
Li et al. (2018) 93 135 ! — 0.69 [0.60; 0.77] 0.3% 3.2%
Yang et al. (2013) 67 135 T 0.50 [0.41; 0.58] 0.3% 3.2%
Zhou (2011) 12 274 + i 0.04 [0.02; 0.08] 0.5% 3.2%
Tang et al. (2022) 583 3026 i 0.19 [0.18; 0.21] 5.7% 3.3%
Jiang and Liu (2007) 132 233 i — 0.57 [0.50; 0.63] 0.4% 3.2%
Sun et al. (2012) 88 866 * ! 0.10 [0.08; 0.12] 1.6% 3.3%
liu et al. (2006) 21 86 — 0.24 [0.16; 0.35] 0.2% 3.2%
Chen et al. (2000) 41 149 - i 0.28 [0.21; 0.35] 0.3% 3.2%
Jin et al. (2008) 13 172 -+ | 0.08 [0.04;0.13] 0.3% 3.2%
Cui (2009) 384 801 : E - 0.48 [0.44; 0.51] 1.5% 3.3%
Liu et al. (2007) 194 592 —* 0.33 [0.29; 0.37] 1.1% 3.2%
Yang et al. (2008) 1105 2292 P 0.48 [0.46; 0.50] 4.3% 3.3%
Zhang et al. (2017) 23 454 * i 0.05 [0.03; 0.08] 0.9% 3.2%
Nie et al. (2022) 12 185 - i 0.06 [0.03;0.11] 0.3% 3.2%
Guo et al. (2019) 11 167 - i 0.07 [0.03; 0.11] 0.3% 3.2%
Chai et al. (2018) 8807 22343 B 0.39 [0.39; 0.40] 41.9% 3.3%
Liu et al. (2013) 20 108 — i 0.19 [0.12; 0.27] 0.2% 3.2%
Ceng and Chen (2011) 355 592 i i 0.60 [0.56; 0.64] 1.1% 3.2%
Qin and He (2011) 1575 2597 i * 0.61 [0.59; 0.63] 4.9% 3.3%
Zhang and Lu (2011) 592 2161 * i 0.27 [0.26; 0.29] 4.1% 3.3%
Chen and Wei (2010) 1 23 I — ! 0.04 [0.00; 0.22] 0.0% 2.9%
Li et al. (2009) 33 152 — i 0.22 [0.15; 0.29] 0.3% 3.2%
Wau et al. (2024) 124 486 - i 0.26 [0.22;0.30] 0.9% 3.2%
Li et al. (2010) 923 1676 G 0.55 [0.53; 0.57] 3.1% 3.3%
Jiang et al. (2010) 144 216 i — 0.67 [0.60; 0.73] 0.4% 3.2%
Common effect model 53258 ! 0.39 [0.39; 0.39] 100.0% --
Random effects model = 0.35 [0.25; 0.46] - 100.0%
Prediction interval [0.00; 0.92]
Heterogeneityi® = 100% ?*=0.0964 p=0' ' T T T T 1
-02 0 02 04 06 08 1
FIGURE 4
Forest plot of prevalence of epidemic encephalitis B in pig amongst studies conducted in China.
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FIGURE 5

Cut-and-fill method for publication bias.
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was observed when the temperature was 0-10°C (95% CI: 5.7-27.2;
) ( )-
Heterogeneity across subgroups was explained by the assay
method (covariate) (range 0-79.25%; R*>-method) and geographic
region (covariate) (range 60.97-97.04%; R*-country).

Porcine JE is a zoonotic infectious disease, that affects both
humans and animals. Geographically, it is endemic in regions in the
Far East, South, and Southeast Asian countries (46, 47) including
South Korea, Thailand, Java (Indonesia), and the Primrosy region of
Siberia (Russia), and in Kerala, and Haryana, India (48, 49). Recently,
cases of JE have also been reported in mainland Australia, Guam, and
USA (50). Surprisingly, the morbidity and mortality rates due to
infection with JE have increased in China, except in Northern,
Northeast China, Qinghai, Xinjiang, and Tibet. Meanwhile, the
prevalence of JEV is rising globally in endemic areas, posing a serious
threat to public health and the livestock industry (51). Pigs are
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Study Proportion 95%-Cl P-value Tau2 Tau 12
Omitting Fan et al. (2014) — ms 0.33 [0.24; 0.44] . 0.0888 0.2980 100%
Omitting Yao et al. (2022) —a 0.34 [0.24; 0.44] . 0.0923 0.3039 100%
Omitting Huang et al. (2012) — 0.35 [0.24; 0.46] . 0.0988 0.3143 100%
Omitting Hua and Li (2012) — Em 0.35 [0.25; 0.46] . 0.0996 0.3156 100%
Omitting Ma et al. (2020) e 0.33 [0.24;0.43] . 0.0810 0.2846 100%
Omitting Zhao et al. (2023) s 0.37 [0.27;0.48] . 0.0908 0.3013 100%
Omitting Li et al. (2018) —i— 0.34 [0.24; 0.45] . 0.0957 0.3094 100%
Omitting Yang et al. (2013) —a— 0.35 [0.24; 0.46] . 0.0990 0.3147 100%
Omitting Zhou (2011) — s 0.37 [0.26; 0.47] . 0.0934 0.3056 100%
Omitting Tang et al. (2022) — 0.36 [0.25; 0.47] . 0.0986 0.3140 100%
Omitting Jiang and Liu (2007) — = 0.35 [0.24; 0.46] . 0.0982 0.3133 100%
Omitting Sun et al. (2012) L 0.36 [0.26;0.47] . 0.0963 0.3103 100%
Omitting liu et al. (2006) B 0.36 [0.25; 0.47] . 0.0993 0.3151 100%
Omitting Chen et al. (2000) — =\ 0.35 [0.25; 0.47] . 0.0995 0.3155 100%
Omitting Jin et al. (2008) - mm 0.36 [0.26; 0.47] . 0.0953 0.3088 100%
Omitting Cui (2009) L 0.35 [0.24; 0.46] . 0.0992 0.3150 100%
Omitting Liu et al. (2007) — = 0.35 [0.25; 0.47] . 0.0998 0.3159 100%
Omitting Yang et al. (2008) —a— 0.35 [0.24; 0.46] . 0.0992 0.3150 100%
Omitting Zhang et al. (2017) — 0.37 [0.26; 0.47] . 0.0938 0.3063 100%
Omitting Nie et al. (2022) — mm 0.36 [0.26;0.47] . 0.0948 0.3079 100%
Omitting Guo et al. (2019) — = 0.36 [0.26;0.47] . 0.0949 0.3080 100%
Omitting Chai et al. (2018) L 0.35 [0.25; 0.46] . 0.0998 0.3159 100%
Omitting Liu et al. (2013) —a— 0.36 [0.25; 0.47] . 0.0985 0.3139 100%
Omitting Ceng and Chen (2011) — = 0.34 [0.24; 0.45] . 0.0976 0.3124 100%
Omitting Qin and He (2011) L 0.34 [0.24;0.45] . 0.0975 0.3122 100%
Omitting Zhang and Lu (2011) — == 0.36 [0.25;0.47] . 0.0995 0.3155 100%
Omitting Chen and Wei (2010) — am 0.36 [0.26;0.47] . 0.0951 0.3083 100%
Omitting Li et al. (2009) —ma 0.36 [0.25; 0.47] . 0.0990 0.3146 100%
Omitting Wu et al. (2024) s 0.36 [0.25; 0.47] . 0.0994 0.3153 100%
Omitting Li et al. (2010) — . 0.35 [0.24; 0.46] . 0.0984 0.3137 100%
Omitting Jiang et al. (2010) o 0.34 [0.24; 0.45] . 0.0962 0.3102 100%
Random effects model I I I ?‘ : I 0.35 [0.25; 0.46] . 0.0964 0.3105 100%
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FIGURE 6
Sensitivity analysis.

intermediate hosts for the JEV, whereas humans are the final hosts,
and the infected carrier pigs are the primary source of transmission.
Clinically, the disease leads to abortion, stillbirth, mummified fetuses
in sows, and testicular inflammation in boars (25). This is clearly
reflecting the expanding range of the disease’s endemicity, and posing
a growing public health concern (32).

To our knowledge, this is the first meta-analysis on the prevalence
of porcine JE in China. The findings of this study could inform
actionable control measures to improve animal husbandry practices.
The analysis of the obtained results revealed, significant variations in
the prevalence of JE in pigs across regions, sampling periods, and
breeding practices (p < 0.05). The national swine population showed
an overall prevalence rate of 35.2% for JE ( ). At the regional
level, the South China showed a high significant (p < 0.05) prevalence
(43.8, 95% CI: 21.6-67.4;
( ). Also, Jiangxi Province had the highest prevalence, followed

) compared to the other regions
by Chongqing Municipality ( ). Both provinces are located
within the subtropical monsoon climate zone, and characterized by hot
summers, mild winters, four distinct seasons, and a well-developed
monsoon pattern, all of which are likely to influence the spreading of
the disease. Numerous analyses have indicated that the incidence of
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JEV infection has a seasonal pattern and closely related to geographical
distribution, and climate (19). Study in southwest China found
significant associations between JE incidence and agricultural and
climatic variables, including monthly precipitation and monthly mean
minimum and maximum temperatures (52). This climate provides
favorable conditions for its spread. The region’s average annual
temperature ranges from 20°C to 25°C. This warm climate promotes
the reproduction and transmission of vector organisms, such as
mosquitoes. Consequently, swine populations in the subtropical region
face a higher risk of infection, leading to elevated prevalence rates.
Furthermore, the higher elevations, cold and arid climate, and low
annual precipitation in the western region are unfavorable conditions
for mosquito survival and reproduction, leading to weaker transmission
of JE. Meanwhile, the low elevation, abundant plains, high precipitation,
and vegetation of South China create optimal conditions for mosquito
proliferation, thereby facilitating the local spreading of JEV (53-55).
The prevalence of JE between 2010 and 2015 was 63.4%, that was
higher than in other periods. A total of 858 pig serum samples from
both large-scale and rural free-range farms in Longyan City, Fujian
Province, were tested for JEV antibody levels between 2011 and 2014.
The elevated JE prevalence from 2010 to 2015 was influenced by
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TABLE 2 Pooled prevalence of Japanese encephalitis of swine in Mainland China.

10.3389/fvets.2025.1534114

No. No. No. % (95% CI*) Heterogeneity Univariate meta-
studies  tested positive regression
Ve p-value (%) p-value Coefficient
(95% ClI)

Region*

Central China 5 6,663 2,687 38.6% (16.0-64.2) 1,190.86 <0.01 99.4%

Eastern China 4 1,683 423 31.4% (5.1-66.9) 744.48 <0.01 99.6%

Northeastern 4 4,149 709 7.4% (0.3-21.9) 476.92 <0.01 99.4% 0.0402 —0.3149 (—0.6156 to

China —0.0141)

Northern China 3 625 59 9.3% (7.1-11.8) 1.69 0.43 0.0%

Northwestern 4 2,896 1,404 38.2% (6.0-78.1) 2,327.27 0.00 99.9%

China

Southern China 8 9,837 5,348 43.8% (21.6-67.4) 1,173.96 <0.01 99.4%

Southwestern 10 12,822 4,873 26.7% (17.4-37.2) 1,969.00 0.00 99.0%

China

Sampling years

2010 ago 25 10,582 4,280 36.2% (27.1-45.9) 1,740.87 0.00 98.6%

2010-2015 8 25,567 11,236 63.4% (44.2-80.6) 2,187.10 0.00 99.7%

2015 late 6 3,839 125 7.8% (3.4-13.5) 75.71 <0.01 93.4% 0.0003 —0.4193 (—0.6484 to
—0.1902)

Sample

Organization 1 23 1 4.4% (0.0-17.7) 0.00 - -

Brain tissue 2 1,120 78 11.0% (1.7-26.5) 16.61 <0.01 94.0%

Serum 27 51,783 20,153 38.1% (27.9-48.9) 8,032.47 0.00 99.7% 0.0148 0.3637 (0.0713-
0.6562)

Blood 1 167 11 6.6% (3.3-10.9) 0.00 - -

Detection method*

ELISA 16 15,152 6,435 38.2% (24.5-52.9) 3,897.70 0.00 99.6%

PCR 7 6,725 1,072 8.5% (0.6-23.2) 2,405.11 0.00 99.8% 0.0056 —0.3277 (=0.5595 to
—0.0959)

RT-RAA 1 185 12 6.5% (3.3-10.5) 0.00 - -

LAT 9 7,403 2,909 32.4% (19.8-46.5) 805.92 <0.01 99.0%

Breeding mode

Farm 18 43,333 16,971 40.9% (26.4-56.3) 7,751.66 0.00 99.8%

Free range 10 5,328 2,736 35.8% (14.9-59.7) 1,517.22 <0.01 99.4% 0.7430 —0.0451 (—0.3145 to
0.2243)

Season*

Spring 6 1,230 258 27.5% (10.8-48.1) 180.84 <0.01 97.2%

Winter 3 251 131 51.3% (13.6-88.2) 50.26 <0.01 96.0%

Autumn 6 1,564 565 23.8% (5.4-49.3) 1,011.42 <0.01 99.5% 0.4227 —0.1292 (—0.4450 to
0.1866)

Summer 10 3,084 1,464 36.6% (15.3-60.9) 1,342.69 <0.01 99.3%

Gender

Female 9 4,680 2,753 50.0% (26.8-73.3) 1,451.80 <0.01 99.4%

Male 8 804 303 40.6% (19.4-63.7) 365.72 <0.01 98.1% 0.5847 —0.0925 (—0.4243 to
0.2393)

(Continued)
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TABLE 2 (Continued)

10.3389/fvets.2025.1534114

No. No. No. % (95% CI*) Heterogeneity Univariate meta-
studies  tested positive regression
Ve p-value [?(%) @ p-value  Coefficient
(95% Cl)
Age
Nursery pigs 9 3,219 1,078 31.2% (14.6-50.8) 1,140.24 <0.01 99.3% 0.1938 —0.1826 (—0.4581 to
0.0929)
Weaned piglets 5 1,530 360 48.4% (14.3-83.4) 361.13 <0.01 98.9%
Fattening pigs 10 5,953 2,783 49.7% (29.8-69.7) 1,522.45 <0.01 99.4%
Quality level
0-2 7 27,735 11,342 29.3% (11.4-51.2) 1,652.05 0.00 99.6%
3-4 24 25,523 9,636 35.1% (24.2-46.9) 7,212.33 0.00 99.7% 0.6245 0.0628 (—0.1887 to
0.3144)
Total 31 53,258 20,978 35.2% (25.1-46.1) 10,151.33 0.000 99.7%

CI*: Confidence interval.

Region*: Central China: Hubei; Eastern China: Zhejiang; Northeastern China: Heilongjiang, Jilin, Liaoning; Northern China: Inner Mongolia; Northwestern China: Ningxia, Qinghai, Xinjiang.
Method*: ELISA: Enzyme linked immunosorbent assay; PCR: Polymerase Chain Reaction; RT-RAA: Reverse Transcription Recombinase Aided Amplification; LAT: Latex agglutination test.

Season*: Spring: Mar to May; Summer: Jun to Aug.; Autumn: Sep to Nov; Winter: Dec to Feb.

several factors. A substantial research has consistently demonstrated
a significant positive correlation between increasing temperatures and
both the proliferation of mosquito populations and elevated incidence
of mosquito-borne diseases (56). Average annual precipitation of
100-150 millimeters and temperatures between 15 and 20°C fostered
mosquito proliferation, correlated positively with JE incidence and
leading to a rise in in infected cases. Distinct climatic subtypes within
temperate regions showed varying JE prevalence patterns. In Gansu
Province, China, the cases appeared in a temperate arid climate,
indicating a possible spread to new areas (57). In temperate zones, the
disease transmission is typically epidemic and seasonal, with most
cases occurring during summer months (58). This contrasts with
subtropical and tropical regions where transmission can occur year-
round, peaking during the rainy season (58). The seasonal nature of
JE in temperate areas limits the overall prevalence compared to
regions with continuous transmission (59). Serological testing
revealed that, the prevalence of JEV in immunized pigs from large-
scale and free-range farms were 72.17 and 57.72%, respectively. In
comparison, the seropositivity rate in immunized pigs was 69.71%,
slightly higher than the 68.89% in unimmunized pigs (60). Significant
differences were observed between the two cases, and due to the
divergent objectives of the studies, investigations involving immunized
pigs were excluded from our analysis, while only studies utilizing
non-immunized pigs were included. The JE remains a serious concern
in Fujian Province and requires continued attention. One of the
included articles showed that, 78 porcine JEV nucleic acids were
detected in 263 samples collected from 14 different swine farms in the
south from 2011 to 2018, with a positivity rate of 29.7% (61). The
emergence of this cause may be due to the location in the tropics and
subtropics, where the warm and humid climate, the high density of
mosquitoes, and the large number of domestic pigs provide the
natural conditions for the spread and reproduction of JEV (22).
Various methods have been used in epidemiological studies of
JEV, including virus isolation, RT-PCR, RT-qPCR, and microdroplet
digital PCR (ddPCR) (13). Virus isolation is a time-consuming,
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labor-intensive process that often taking over a week to complete, this
limits its use in large-scale epidemiologic investigations. The serum
neutralization test (SNT) is the standard method for serological
detection of JEV, but cross-reactivity between the different flaviviruses
within the same genus was recorded using this tool which reflects the
inaccurate results (62). On the other side, the previously mentioned
molecular techniques usually take 2-3 h for completion (63-65). False
positivity varies depending on the used tools and could affect the
accurate estimation of the disease prevalence. Accordingly, four major
detection methods for JE were usually applied including; ELISA, PCR,
RT-RAA, and LAT. ELISA is a fundamental technique in immunology
and molecular biology, utilizing antigen-antibody binding with
enzymatic and colorimetric assays for quantitative analysis of target
molecules. It detects and quantifies specific proteins, peptides,
antibodies, or antigens in biological samples, making it essential in
research and diagnostics (66). This technique is extensively used to
detect antibodies and antigens for diagnosing and JEV monitoring but
is prone to cross-reactivity with other flaviviruses like yellow fever
virus, which can lead to false results and affect prevalence estimates.
To address this issue more effectively, it is suggested to develop more
specific detection methods for antigen, including secondary screening
alongside PCR assays or alternative immunological detection
techniques in future studies to mitigate the impact of cross-reactivity.
PCR utilizes the semi-conservative replication of DNA for in vitro
enzymatic synthesis and amplification of specific nucleic acid
sequences. The specificity of this technique is achieved through the
utilization of oligonucleotide primers complementary to the flanking
regions of the target sequence (67). RT-PCR involves the conversion
of mRNA into cDNA utilizing reverse transcriptase, which
subsequently serves as the template for amplifying the target fragment.
The RNA template employed in this procedure may comprise total
RNA, mRNA, or in vitro transcribed RNA (68). LAT is an indirect
agglutination assay using latex particles as carriers. Soluble antigens
are adsorbed on these particles, allowing specific antibodies to bind
and promote agglutination (69). It was found that, ELISA was
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TABLE 3 Estimated pooled seroprevalence of Japanese encephalitis by provincial regions in China.

10.3389/fvets.2025.1534114

Province No. Studies  Region No. tested No. positive % Prevalence % (95% ClI)
Beijing 1 North China 172 13 7.5% 4.0-12.0
Fujian 2 East China 284 134 48.0% 11.5-85.8
Gansu 2 Northwest China 1,756 1,331 68.4% 45.3-87.5
Guangdong 3 Southern China 4,603 2,424 62.1% 35.6-85.2
Guangxi 4 Southern China 7,148 4,081 41.5% 12.2-74.6
Guizhou 2 Southwest China 3,498 1,594 51.2% 34.4-67.9
Hainan 2 Southern China 348 256 67.0% 0.0-100.0
Hebei 1 North China 365 35 9.6% 6.8-12.8
Henan 3 Central China 824 385 23.9% 0.0-73.3
Heilongjiang 3 Northeast China 1,286 110 7.7% 3.4-13.3
Hubei 1 Central China 30 0 0.0% 0.0-100.0
Hunan 1 Central China 3,026 583 19.3% 17.9-20.7
Jilin 3 Northeast China 2,251 487 7.0% 0.0-30.9
Jiangsu 1 East China 363 170 47.8% 41.7-52.0
Jiangxi 2 Southern China 301 213 86.0% 24.8-100.0
Liaoning 2 Northeast China 363 82 9.1% 0.0-52.0
Inner Mongolia 3 Northwest China 1,289 50 34.0% 27.4-100.0
Shandong 1 East China 832 14 1.7% 0.9-2.6
Shaanxi 1 Northwest China 188 64 34.0% 27.4-41.0
Shanghai 1 East China 152 33 21.7% 15.5-28.6
Sichuan 3 Southwest China 1,263 330 20.4% 6.7-38.9
Xizang 1 Southwest China 454 23 5.1% 3.2-7.3
Yunnan 5 Southwest China 2,895 1,225 26.9% 10.7-47.1
Chonggqing 1 Southwest China 186 144 77.4% 71.1-83.2

significantly (p = 0.0056, Table 5) the commonly used tool. It offers
several advantages, including rapidity, high efficiency, low cost,
specificity, high sensitivity, simplicity, and no need for high aseptic
procedures. Also, it enables the simultaneous testing of multiple
serum samples (70). Given the large pig population, rapid turnover,
and high infection rates of JEV in the country (71), the specificity,
reproducibility, and operational simplicity of ELISA render it an
optimal method for the detection of porcine JE antibodies due to
infection adding to the evaluation of antibody titers following
immunization (70). It is noteworthy that, some studies did not explain
whether the pigs had been immunized with swine JE vaccine or not.
So, false-positive results contribute to heterogeneity in the results (72).

It was recorded that; Pigs are one of the main hosts of JEV (73, 74).
The prolonged viremia in the blood of pigs infected with the JEV,
characterized by high viral loads and infectiousness, which could
be the main source of human infection (35). Once the virus enters the
host, it rapidly invades the bloodstream and replicates in internal
organs such as (heart, liver, spleen, kidneys), causing brief viremia that
lasts 3-7 days. The virus can cross the blood-brain barrier, invade the
central nervous system, and replicate in brain tissue, causing lesions
and neurological symptoms (75, 76). In the present study, our analysis
of various sample types showed that serum had a higher detected
prevalence compared to other tissues. Analysis of JEV serum data
from Chinese swine herds showed that the prevalence and distribution
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of JEV in pigs also exhibited seasonal and geographic variation; JEV
infections appeared 1-2 months earlier in southern China than in
northern parts (26). These characteristics not only allow pigs to play
an important role in the JEV transmission chain, but also provide a
warning to the public health community that pigs are potential
reservoirs of viruses that may directly or indirectly infect humans,
especially if they have high viral loads in their blood with the ability
to cross the blood-brain barrier, enter the central nervous system and
replicate in brain tissue (77), causing neurological lesions that lead to
clinical manifestations such as neurological symptoms, meningitis,
encephalitis, and other serious diseases (11, 78).

Immunization greatly affects disease incidence in pig populations.
Significant emphasis was placed on rigorous screening of unvaccinated
pig herds, excluding articles that did not specify immunized
populations and antibody protection rates. All included studies came
from large-scale farms and free-range herds with unvaccinated pigs.
According to the World Health Organization, the vaccine currently
used for JE is the SA14-14-2 strain (79), and studies have shown
vaccine efficacy to be between 80 and 99% after a single dose and 98%
or higher after two doses (80). Therefore, for studies that did not
explicitly state whether the subjects had been vaccinated, when the
seropositive rate of pigs exceeded 90%, we considered the herd to
be immune. For studies that did not explicitly state whether subjects
had been immunized, we assumed that the seropositivity rate among
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TABLE 4 Pooled prevalence of Japanese encephalitis of swine in Mainland China.

[\[o} [\ [o} [\[o} % (95% CI*) Heterogeneity Univariate meta-
studies tested positive regression
7 p-value A p- Coefficient
value (95% CI)

Latitude*

20-30 27 21,555 9,994 44.8% (32.4-57.7) 4,135.20 0.00 99.4%

30-40 17 5,581 2,472 30.9% (17.8-45.8) 2,613.83 0.00 99.4%

40-50 12 5,554 764 10.9% (10.1-11.7) 808.15 <0.01 98.6% 0.0001 —0.3923 (~0.5901 to
—0.1945)

Longitude

90-110 26 14,525 7,318 37.8% (27.6-48.6) 3,126.16 0.00 99.2%

110-120 21 14,113 5,200 34.8% (19.0-52.5) 4,811.60 0.00 99.6%

120-130 9 4,052 712 9.2% (2.9-18.3) 538.56 <0.01 98.5% 0.0044 —0.3394 (—0.5728 to
—0.1061)

Altitude

0-1,000 14 9,463 3,867 47.1% (25.8-68.9) 2,254.03 0.00 99.4%

1,000-4,000 22 14,504 5,639 22.8% (12.7-34.7) 4,314.25 0.00 99.5% 0.0915 —0.1580 (—0.3416 to
0.0255)

4,000-15,000 7 2,441 607 21.7% (6.2-43.1) 1,122.04 <0.01 99.5%

15,000-20,000 10 5,156 2,826 36.6% (21.5-53.1) 1,192.30 <0.01 99.2%

20,000-40,000 3 1,126 291 32.8% (1.4-79.1) 380.70 <0.01 99.5%

Rainfall

0-50 9 3,139 1,519 24.9% (10.4-43.1) 1,680.95 0.00 99.5%

50-100 32 15,097 4,825 28.9% (18.9-40.1) 4,944.07 0.00 99.4% 0.5177 —0.0611 (—0.2462 to
0.1240)

100-150 7 7,757 3,306 28.5% (11.9-48.9) 1,633.49 0.00 99.6%

150-200 5 4,762 2,596 63.7% (17.1-98.1) 657.45 <0.01 99.4%

200-350 3 1,935 984 33.2% (13.8-56.1) 100.46 <0.01 98.0%

Humidity

40-65 17 7,861 2,025 12.4% (4.5-23.2) 4,376.41 0.00 99.6%

65-70 7 25,885 760 23.6% (12.3-37.2) 242.76 <0.01 97.5%

70-85 32 22,244 10,445 45.1% (33.9-56.6) 3,785.25 0.00 99.2% <0.0001 | 0.3318 (0.1685-0.4952)

Minimum annual temperature

~10t0 0 2 958 98 10.1% (8.2-12.1) 0.1 0.75 0.0%

0-10 15 7,166 2,097 14.4% (5.4-26.6) 3,680.14 0.00 99.6% 0.0047 —0.2791 (—0.4727 to
—0.0855)

10-20 31 17,406 7,328 39.3% (28.6-50.5) 4,278.96 0.00 99.3%

20-30 8 7,160 2,876 43.5% (16.9-72.2) 809.32 <0.01 99.1%

Maximum annual temperature

0-10 2 1,622 480 20.4% (5.0-42.5) 20.94 <0.01 95.2%

10-20 22 12,530 4,533 20.0% (10.2-32.0) 5,056.62 0.00 99.6%

20-30 32 18,538 8,217 40.7% (29.2-52.6) 4,967.92 0.00 99.4% 0.0116 | 0.2264 (0.0506-0.4022)

Average annual temperature

0-10 14 7,691 2,118 14.8% (5.7-27.2) 3,701.81 0.00 99.6%

10-15 5 3,931 1,671 24.1% (4.6-52.3) 328.44 <0.01 98.8%

15-20 25 10,361 3,469 32.9% (21.3-45.7) 2,721.66 0.00 99.1%

(Continued)
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TABLE 4 (Continued)

No.
studies

[\ [o} [\[o}
tested positive

% (95% CI#)

10.3389/fvets.2025.1534114

Univariate meta-
regression

Heterogeneity

p-value

p- Coefficient

value (95% Cl)

20-25 ‘ 12 ‘ 10,707 ‘ 5,972 53.7% (34.7-72.2)

1,261.55 ‘ <0.01 ‘ 99.1% ‘ 0.0068 ‘0.2897 (0.0797-0.4998)

Climate

Oceanic 8 7,133 3,648 43.7% (21.7-67.0)

subtropical

monsoon climate

404.63 <0.01 98.3%

Plateau alpine 1 454 23 5.1% (3.2-7.3)

climate

0.00 - -

Subtropical mild 3 3,207 1,452 73.2% (25.9-99.9)

monsoon climate

263.54 <0.01 99.2%

Subtropical 23 12,222 5,280 36.2% (26.1-46.9)

monsoon climate

2,770.30 0.00 99.2%

Temperate 3 1,944 1,395 57.2% (31.1-81.3)

continental

climate

175.54 <0.01 98.9%

Temperate 5 2,273 46 2.5% (0.2-6.6)
continental

monsoon climate

30.50 <0.01 86.9%

Temperate 11 5,109 1,130 12.7% (5.7-21.9)

monsoon climate

818.47 <0.01 98.8% 0.0110 —0.2843 (—0.5035 to

—0.0652)

Tropical monsoon 2 348 256 66.9% (0.0-100.0)

Marine climate

317.14 <0.01 99.7%

CI*: Confidence interval.

pigs exceeded 90%, as vaccinated pigs generate antibodies, resulting
in a higher antibody positivity rate. Through rigorous screening,
we minimized immune factor confounding to accurately analyze the
JE prevalence.

Surprisingly, the infection rate was higher in winter than in other
seasons, though the difference was not statistically significant
(Table 2). The incidence and prevalence of the disease show clear
seasonality, typically peaking from July to September, then sharply
declining after October. The disease is usually sporadic but can also
become endemic (14). In our study, the phenomenon of higher
prevalence in winter may be related to the regions included in the
study. Especially in Hainan, Guangdong, and Yunnan provinces,
which have warmer climates with insignificant seasonal variations,
mosquitoes are active throughout the year. Therefore, even in winter,
the mosquito population remains high, leading to higher infection
rates in that season, which in turn may have influenced the bias of the
study results. This disease peaks in prevalence during China’s rainy
summer and autumn. Epidemic peaks occur from June to July in
southern regions, from July to August in northern regions, and from
August to September in northeastern regions. For instance, irrigated
rice fields provide ideal breeding grounds for Culex tritaeniorhynchus,
the primary vector for JEV transmission (81). Variations in
environmental conditions and temperatures affect mosquito activity,
leading to distinct disease transmission patterns across different areas
(82). The increased precipitation during the summer and fall seasons
creates more favorable breeding conditions for mosquitoes, resulting
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in a substantial increase in both of their population density and
activity levels (57). As a consequence, this exacerbates the transmission
of JEV. In areas with intensive rice farming and pig production, JE
transmission is likely to increase due to the creation of suitable
environments for vector mosquitoes and amplifying hosts (19).
Studies indicate that tropical regions lack seasonality, allowing the
disease to occur year-round (83). Interestingly, the same observation
of high incidence rate was recorded in winter compared to the other
seasons but with a different insect-born pathogen (2, 11).

The epidemiology of porcine JE is mainly driven by mosquito as
the primary virus vector (84). It has a well-defined transmission route,
mainly through mosquito bites, so mosquito control is a key measure
to prevent disease transmission. In areas where the climate is more
stable and mosquitoes are active throughout the year, especially in
tropical and subtropical areas, prevention and control strategies for
epidemics should focus on strengthening herd management and
immunization (15). However, swine JE lacks specific antiviral
treatments, so management relies on supportive care and immune
enhancement. Prevention involves immunization, vector control, and
managing pig populations (85). Live JEV vaccines are recommended
in endemic or high-risk regions. Since JE transmission is linked to
blood-feeding arthropods like mosquitoes, controlling these vectors
by the different tools is crucial for prevention (86).

Our meta-analysis included five studies with quality scores of 4 or
5, 26 studies with scores of 2 or 3, and none with scores of 0 or 1. OQur
review for the moderate-quality studies revealed that several detailed
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TABLE 5 Included studies of Japanese encephalitis of swine in Mainland China.

Reference ID Sampling time  Detection No. No. Prevalence Study design Score

method tested positive

Central China

Tang et al. (2022) 2019-2021 ELISA 3,026 583 0.192664 Cross sectional 3
Cui (2009) 2008-2009 ELISA 801 384 0.4794 Cross sectional 3
Chai et al. (2018) 2006-2012 UN 2,597 1,575 0.606469 Cross sectional 2
Chen and Wei (2010) 2007.6-2008.9 RT-PCR 23 1 0.043478261 Cross sectional 4
Jiang et al. (2010) 2008-2009 ELISA 216 144 0.6666667 Cross sectional 3
East China

Fan et al. (2014) 2014 ELISA 564 283 0.501773 Cross sectional 3
Zhao et al. (2023) 2016-2020 PCR 832 14 0.016827 Cross sectional 3
Lietal. (2018) 2011-2014 ELISA 135 93 0.6888889 Cross sectional 3
Li et al. (2009) 2006-2007 Other 152 33 0.217105 Cross sectional 3
North China

Jin et al. (2008) 2006.7 ELISA 172 13 0.075581395 Cross sectional 3
Guo etal. (2019) 2015-2016 ELISA 88 11 0.065868263 Cross sectional 3
Chai et al. (2018) 2006-2012 UN 365 35 0.09589 Cross sectional 2

Northeast China

Zhao et al. (2023) 2016-2020 PCR 1,043 29 0.027804 Cross sectional 3
Sun et al. (2012) 1997-2000 LAT 866 88 0.101616628 Cross sectional 4
Guo et al. (2019) 2015-2016 ELISA 79 0 0 Cross sectional 3
Zhang and Lu (2011) 2006-2009 ELISA 2,161 592 0.273947247 Cross sectional 3

Northwest China

Fan et al. (2014) 2014 ELISA 188 64 0.340425532 Cross sectional 3
Yao et al. (2022) UN ELISA 1,523 1,199 0.787261983 Cross sectional 2
Zhao et al. (2023) 2016-2020 PCR 952 9 0.009453782 Cross sectional 3
Jiang and Liu (2007) 2006 LAT 233 132 0.566523605 Cross sectional 4

Southern China

Fan et al. (2014) 2014 ELISA 304 108 0.355263158 Cross sectional 3
Huang et al. (2012) 2009-2011 ELISA 4,282 2,227 0.520084073 Cross sectional 3
Ma et al. (2020) 2013 ELISA 465 445 0.956989247 Cross sectional 3
Zhao et al. (2023) 2016-2020 PCR 278 8 0.028776978 Cross sectional 3
Liu et al. (2006) 2002-2003 LAT 86 21 0.244186047 Cross sectional 2
Chen et al. (2000) 2000 LAT 149 41 0.275167785 Cross sectional 2
Qin and He (2011) 2008-2010 LAT 2,597 1,575 0.606469003 Cross sectional 3
Lietal. (2010) 2008-2009 RT-PCR 1,676 923 0.55071599 Cross sectional 4

Southwest China

Hua and Li (2012) UN LAT 2,906 1,239 0.426359257 Cross sectional 2
Yang et al. (2013) 2010-2012 LAT 135 67 0.496296296 Cross sectional 3
Zhou (2011) UN LAT 274 12 0.04379562 Cross sectional 2
Liu et al. (2007) 2002-2006 ELISA 592 194 0.327702703 Cross sectional 3
Yang et al. (2008) 2005-2007 LAT 2,292 1,105 0.482111693 Cross sectional 3
Zhang et al. (2017) UN ELISA 454 23 0.050660793 Cross sectional 2
Nie et al. (2022) 2020-2021 RT-RAA 185 12 0.064864865 Cross sectional 3
Liu et al. (2013) 2009-2010 RT-PCR 108 20 0.185185185 Cross sectional 3
(Continued)
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TABLE 5 (Continued)

10.3389/fvets.2025.1534114

Reference ID Sampling time Detection [\[o} Prevalence Study design  Score
method tested

Ceng and Chen (2011) 2010 ELISA 592 355 0.599662162 Cross sectional 3 ‘

Wau et al. (2024) 2007-2008 ELISA 486 124 0.255144033 Cross sectional 4 ‘

UN*: unclear.

LAT*: Latex agglutination test.

RT-PCR*: Reverse Transcription-Polymerase Chain Reaction.
RT-RAA*: Reverse Transcription Recombinase Aided Amplification.
PCR*: Polymerase Chain Reaction.

ELISA*: Enzyme linked immunosorbent assay.

descriptions of seasons, random sampling methods, and sampling
procedures were lacked. Neglecting of seasonal factors may lead to
seasonal bias in epidemiologic results, especially for those diseases
that are strongly influenced by climatic and environmental changes,
and the lack of seasonal descriptions will limit the accuracy and
extrapolation of results. Lack of random sampling or poor description
may then lead to sample selection bias, making the results of the study
unable to truly reflect the characteristics of the target group, thus
affecting the reliability and scientific value of the results. In addition,
unclear details of the sampling method may lead to reduced
comparability across studies, thus affecting the accuracy of meta-
analyses. Therefore, it is recommended that, future researchers in the
future should cover these shortages to improve the reliability of their
findings. This study used regression analysis to investigate factors
affecting JE spreading, identifying a significant correlation between
sample size and JE prevalence. However, the analyses did not account
for all potential confounding variables. Future research should include
more covariates to improve generalizability and establish stronger
causal relationships.

This meta-analysis has several strengths, including a broad
temporal range, extensive geographic coverage, and well-defined
analytical methods, but also some limitations were present. Firstly,
the selected articles were limited to Chinese or English, potentially
excluding relevant studies in other languages. Secondly, the articles
were sourced from six databases only, which may have excluded
relevant studies from other sources. Lastly, the study concentrates on
specific Chinese provinces, underrepresenting regions like Qinghai,
Tibet, and Xinjiang. This limited representation may impact findings
and compromise external validity and robustness. Future studies
should adopt a more comprehensive sampling approach, especially
to better

in underrepresented western provinces, assess

national prevalence.

5 Conclusion

The current meta-analysis showed that the prevalence of JE
infection in swine is widely distributed across China. Additionally, the
disease is more prevalent in regions with consistently hot and humid
climates. Thus, we recommend continuous surveillance of swine
populations and implementing isolation measures to reduce mosquito
contact with herds. Furthermore, awareness of JE should be raised in
regions where the disease receives less attention, and epidemiological
investigations should be promptly conducted to ensure timely control
of its spread. The high prevalence of this disease swine can cause

Frontiers in Veterinary Science

significant economic losses for farmers and herdsmen adding to
increasing the risk of infection. Therefore, attention to animal welfare
and application of all precaution measures to limit the spread of JE is
crucial for intensive pig farming. This study lays a foundation for
future research on strategies to control JE.
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