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ABSTRACT.	 This study evaluated the utility of meat juice (MJ) from market-purchased pork in 
Japan and Vietnam for serological surveillance of mosquito-borne viruses, specifically Japanese 
encephalitis virus (JEV) and Getah virus (GETV). We confirmed the presence of specific antibodies 
against JEV and GETV in the MJ samples using enzyme-linked immunosorbent assay and virus 
neutralization test. The lack of correlation between JEV- and GETV-specific optical density values 
suggests independent infections in Vietnamese pig populations. The high seroprevalence observed 
in Vietnam highlights the practical utility of MJ as a viable alternative to serum for effective large-
scale arboviral surveillance in field settings. These findings underscore the need for comprehensive 
mosquito-borne virus control in swine health management.

KEYWORDS:	 antibodies, arboviruses, market-purchased pork, meat juice

Arthropod-borne viral diseases have emerged as a significant global public health threat. This threat has been driven by the 
expansion of vector habitats, facilitated by global warming and the increasing globalization of logistics. Orthoflavivirus japonicus, 
commonly referred to as Japanese encephalitis virus (JEV, family Flaviviridae, order Amarillovirales), causes severe neurologic 
disorders in humans, such as acute encephalitis. According to a recent WHO report [15], an estimated 100,000 JEV infection cases 
occur annually, primarily in Southeast Asia and the Western Pacific regions. Conversely, Alphavirus getah, commonly referred to as 
Getah virus (GETV, family Togaviridae, order Martellivirales), is of paramount importance in the field of veterinary medicine, as it 
causes outbreaks characterized by pyrexia, exanthema, and hind-limb edema in horses [12] and also affects other livestock animals 
[6]. Both JEV and GETV share a common transmission cycle in which mosquitoes’ function as vectors and pigs as the primary 
amplifying hosts. The infection cycle is maintained and expanded when mosquitoes feed on the blood of amplifying hosts exhibiting 
viremia and subsequently transmit the virus to other susceptible humans or animal hosts. As diseases caused by JEV and GETV are 
widely distributed across Asia, establishing robust epidemic prevention systems remains a critical priority.

Serum is typically used for the detection of pathogen-specific antibodies. However, obtaining blood samples for antibody detection 
remains a significant challenge both domestically and internationally and can result in a lack of sufficient serum samples for analysis, 
particularly in short-term epidemiological surveys. Meat juice (MJ)—exudate released from tissue cells in response to repeated 
freeze-thaw cycles—has garnered attention as a viable alternative specimen for overcoming blood sampling constraints. Recent 
studies have demonstrated the utility of specific antibody detection using MJ for epidemiological surveillance of various infectious 
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conditions, such as parasite infection [4, 11], toxoplasmosis [10], tuberculosis [1], and salmonellosis [2], as well as viral diseases, 
including Aujeszky’s disease [3], foot-and-mouth disease [16], and African swine fever [13]. We previously reported the detection of 
specific antibodies against JEV and hepatitis E virus using MJ derived from the heart and diaphragm of wild boars in Japan [17]. As 
an application of these findings, the present study utilized MJ obtained from commercially available pork as specimens to investigate 
and evaluate the prevalence of JEV- and GETV-specific antibodies.

Portions of edible pork (50–100 g of short ribs or loin) were obtained from a meat processing plant in Ehime Prefecture, Japan, and 
from vendors at local markets in Hanoi and Hue, Vietnam. The survey was conducted between 2024 and 2025. In Japan, processed 
meat from pigs raised at seven pig farms in Ehime Prefecture was sampled. A total of 306 specimens were collected, comprising 191 in 
December 2024 and 111 in November 2025. Pork short ribs were obtained from individual carcasses to ensure the distinct identification 
of each animal source. In Vietnam, samples were purchased in two cities: Hanoi and Hue, in January (Hanoi; n=72, Hue; n=50) and 
June (Hanoi; n=74, Hue; n=55) 2024 and March (Hanoi; n=72, Hue; n=72) and June (Hanoi; n=80, Hue; n=68) 2025. During each 
period, meat portions were purchased from multiple vendors in multiple markets within a single day. In the Vietnamese market system, 
vendors typically purchase a single whole carcass and then cut them up for sale. Therefore, while samples collected from different 
vendors are likely to have been taken from distinct individual animals, it should be noted that it cannot be strictly guaranteed that all 
samples are completely independent of one another.

MJ samples were obtained by collecting the liquid that seeped out of meat tissue after freezing and thawing the pork pieces at 
least three times. In this study, the presence of arbovirus-specific antibodies in MJ was evaluated using the 80% plaque reduction 
neutralization test (PRNT80) and enzyme-linked immunosorbent assay (ELISA). PRNT80 and ELISAs were performed in Japan for 
Japanese samples, and based on the results, ELISA cut-off values were established and subsequently applied to evaluate ELISA results 
for Vietnamese samples. Viral strains utilized in the study included JEV strain JEV/MQ/Yamaguchi/803/2016 [5] and GETV strain 
14-I-605-C1 [12]. PRNT80 and ELISAs were conducted according to previously described methods [14]. MJ samples were used 
as 1:50 dilution, rather than a 1:100 dilution typically used for serum samples. Furthermore, heat-based inactivation was excluded 
from the final protocol due to significant protein aggregation that interfered with liquid phase recovery; instead, MJ samples were 
centrifuged at 4°C and 10,000 g for 15 min, and the resulting supernatant was examined. All statistical analyzes were performed using 
EZR statistical software, version 1.54 [7].

First, JEV-specific antibodies in MJ samples from Japan (Ehime) were 
detected using an ELISA. This analysis identified several MJ samples 
with high optical density (OD) values. To verify the effectiveness of the 
ELISA system as a screening tool, we evaluated the correlation between 
ELISA OD value and virus neutralizing antibody titer (VN titer) using 
the 30 MJ samples with the highest ELISA OD values (Fig. 1). This 
analysis revealed an extremely strong positive correlation between the two 
indicators (coefficient of determination R2=0.892, P<0.001). As the VN 
titer increased from 1:10 to 1:80, the mean ELISA OD value increased in 
a stepwise manner as follows: 0.170, 0.518, 0.864, and 1.567, respectively. 
The regression equation was determined as: y=0.449x−0.355 (where x 
represents the logarithmic dilution stage of the VN titer, and y represents 
the ELISA OD value), suggesting that ELISA absorbance values can be 
used to estimate neutralizing activity with high precision.

The ELISA cut-off value, sensitivity, and specificity were analyzed using 
receiver operating characteristic (ROC) analysis. VN titers of less than 
1:10 were defined as “negative”, and VN titers greater than 1:20 were 
defined as “positive”. The optimal cut-off value at which both sensitivity 
and specificity are maximal was calculated as OD=0.28. Application of 
this threshold enabled the determination of antibody status without causing 
false-positive or false-negative results. These data confirm that the ELISA 
using MJ samples is a highly effective alternative for the quantitative 
assessment of JEV-neutralizing antibodies.

Based on the calculated cut-off values, we compared the seroprevalence 
of JEV-specific antibodies in the three study locations: Ehime Prefecture, 
Hanoi, and Hue (Fig. 2). The antibody positivity rate among all 845 
samples tested was 14.0% (118/845). By location, Hanoi had the highest 
prevalence, at 19.1% (57/298), followed by Hue at 15.5% (38/245), whereas 
Ehime showed the lowest prevalence, at 7.6% (23/302). A chi-square test 
of independence was conducted to evaluate the distribution of positive 
cases across the three locations, which revealed a statistically significant 
difference [χ2(2)=18.39, P<0.001]. Post-hoc comparisons revealed that 
the prevalence in Ehime was significantly lower than that in both Hanoi 
(P<0.001) and Hue (P<0.05). By contrast, no significant difference in 
prevalence was observed between the two cities in Vietnam (P=0.27). 

Fig. 1.	 Comparison of enzyme-linked immunosorbent as-
say (ELISA) absorbance and virus-neutralizing antibody 
(VN) titers against Japanese encephalitis virus in pork 
meat juice in Ehime Prefecture, Japan. The correlation 
between ELISA and 80% plaque reduction neutraliza-
tion test results was analyzed using 30 pork meat juice 
samples. The x- and y-axes represent the VN titer in 
logarithmic dilutions (ranging from 1:10 to 1:80) and 
the ELISA absorbance (OD), respectively. Dashed line 
indicates the linear regression result. Statistical analysis 
showed a strong correlation between ELISA absorbance 
and VN titer (R2=0.892, P<0.001).
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These results indicate that the prevalence of JEV-specific antibodies in Ehime is significantly lower than in the two cities in Vietnam.
A comparison of the seroprevalence in 2024 and 2025 revealed no statistically significant difference in Ehime, with a rate of 

8.4% (16/191) in 2024 and 6.3% (7/111) in 2025 [χ2(2)=0.44, P=0.506]. By contrast, the two cities in Vietnam exhibited significant 
year-over-year fluctuations. In Hanoi, the prevalence decreased from 28.8% in 2024 (42/146) to 9.9% in 2025 (15/152), a statistically 
highly significant difference [χ2(2)=17.55, P<0.001]. A similar trend was observed in Hue, where the prevalence decreased from 21.9% 
in 2024 (23/105) to 10.7% in 2025 (15/140); this change was also statistically significant [χ2(2)=5.76, P=0.016]. The stability of the 
seroprevalence in Ehime during this period suggests that there were no significant changes in the external environment, such as a 
change in the population dynamics of vector mosquitoes. However, the significant decline in prevalence observed in Hanoi and Hue 
in 2025 may reflect either a drastic change in environmental factors within Vietnam or periodic fluctuations in the infection cycle. In 
the case of arbovirus infections in particular, annual precipitation and temperature significantly impact the density of mosquito vectors. 
Therefore, it is highly probable that changes in climatic conditions in 2025 contributed to a suppression of viral transmission efficiency.

In the GETV ELISA, none of the samples from Japan (Ehime) exhibited high OD values. Furthermore, the 15 samples yielding 
the highest OD values (ranging from 0.06 to 0.11) were confirmed to be negative by the PRNT80 assay. Therefore, all samples from 
Japan (n=302) were designated a provisional negative control group, and the cut-off value was determined using statistical methods. 
Specifically, the threshold was established as the mean OD of the negative group plus three times the standard deviation (Cut-off=Mean 
+ 3SD). For the samples from Ehime, the mean OD was 0.0096, and the standard deviation was 0.03548; the calculated cut-off 
value for a positive result was thus OD = 0.116. Based on the calculated cut-off values, we compared the GETV-specific antibody 
prevalence across the three study locations (Fig. 3). Statistically significant differences between locations were observed, and multiple 
comparisons using the Bonferroni correction showed that the prevalence in Ehime was significantly lower than that in both Hanoi and 
Hue (P<0.001). By contrast, no significant differences were observed between the two cities in Vietnam. Comparing the prevalence 
between 2024 and 2025, Hanoi showed a rate of 8.2% in 2024 (12/146) and 5.3% in 2025 (8/152). Although a downward trend was 
observed, the difference was not statistically significant (P=0.312). Similarly, in Hue, the prevalence was 6.7% in 2024 (7/105) and 
2.1% in 2025 (3/140). Although there was a numerical decrease in the positive rate in both cities, an analysis using Fisher’s exact test 
revealed that the difference between the two years was not statistically significant (P=0.096).

Finally, a detailed comparison of Vietnamese samples with the positive for JEV- and/or GETV-specific ELISA OD values revealed 
three distinct reaction patterns (Fig. 4). The majority of samples (n=79) exhibited a high OD value for JEV while remaining negative 
for GETV. By contrast, a smaller subset (n=14) of samples were negative for JEV-specific antibodies but exhibited a marked increase 
in OD values indicative of GETV-specific antibodies. Furthermore, the final cohort (n=16) showed moderate to high OD values for 

Fig. 2.	 Chronological comparison of anti-Japanese encephalitis virus antibody levels and seroprevalence between Ehime, Hanoi, and Hue. Indi-
vidual ELISA absorbance (OD) values are shown for pork meat juice samples collected in 2024 and 2025 in Ehime Prefecture, Japan, and the 
cities of Hanoi and Hue in Vietnam. Horizontal dashed line represents the positive cut-off value. Percentages and parentheses above the brackets 
indicate seroprevalence and the number of positive samples relative to the total number of samples. Significant differences are indicated by 
asterisks: *P<0.001 and **P<0.05.
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antibodies specific to both viruses, suggesting a different pattern 
of seroreactivity. Pearson’s correlation coefficient was calculated 
to evaluate the relationship between JEV- and GETV-specific 
OD values but revealed no significant correlation (r= −0.083, 
P=0.339). This result indicates that infections caused by these 
two viruses occur independently of one another in fattening pig 
populations in Vietnam. Specifically, these data strongly suggest 
that, under field conditions, prior exposure to one of the viruses 
does not lead to direct interference or cross-reactivity with respect 
to either susceptibility to or antibody responses against the other 
virus [5]. The results of this study suggest that JEV and GETV can 
circulate either simultaneously or sequentially within populations 
of fattening pigs in Vietnam. Vietnam is widely recognized as 
an endemic area for JEV, with previous studies reporting high 
seroprevalence of JEV in fattening pigs [9]. The fact that the 
overwhelming majority of samples tested in this study were 
strongly positive for JEV alone suggests that routine exposure to 
mosquito-borne JEV and establishment of infection occur in this 
region. Furthermore, the results of this study indicate that GETV, 
which has been reported with increasing frequency across Asia 
in recent years [6], also frequently infects pigs on Vietnamese 
farms. Pigs serve as potent amplifying hosts for both JEV and 
GETV. These findings indicated that swine health management 
practices in Vietnam should include not only conventional JEV 
vaccination but also a comprehensive control strategy targeting 
multiple mosquito-borne viruses.

This study demonstrated that MJ obtained from commercially 
available pork can serve as an effective alternative sample for 
epidemiological surveys of arboviruses, particularly in field study 
situations, in which serum samples are difficult to obtain. As the 

Fig. 3.	 Chronological comparison of anti-Getah virus antibody levels and seroprevalence between Ehime, Hanoi, and Hue. Individual ELISA 
absorbance (OD) values are shown for pork meat juice samples collected in 2024 and 2025 in Ehime Prefecture, Japan, and the cities of Hanoi 
and Hue in Vietnam. Horizontal dashed line represents the positive cut-off value. Percentages and parentheses above the brackets indicate 
seroprevalence and the number of positive samples relative to the total number of samples. Significant differences are indicated by asterisks: 
*P<0.001.

Fig. 4.	 Comparison of ELISA absorbance (OD) values for Japa-
nese encephalitis virus (JEV)- and Getah virus (GETV)-specific 
antibodies in the Vietnamese meat juice samples. Individual 
absorbance values for JEV-specific (x-axis) and GETV-specific (y-
axis) antibodies are plotted exclusively for positive pork meat juice 
samples. Vertical and horizontal dashed lines indicate the positive 
cut-off values for JEV and GETV, respectively (indicated by ar-
rowheads). Quadrants represent samples that were single-positive 
or double-positive for the two viruses.
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distribution of arboviruses is expected to undergo further shifts due to climate change and the expansion of logistic networks. The 
MJ-based monitoring approach developed in this study will facilitate the rapid collection of large-scale epidemiological data, serving 
as a viable alternative to blood sampling, which can be challenging to procure. This approach should contribute significantly to the 
development of comprehensive strategies for combating mosquito-borne viral diseases across the world.
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