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Abstract

The Microscopic Agglutination Test (MAT) is a standard method for the serological diagnosis of
leptospirosis. However, reading and interpreting the results can lead to errors and therefore requires
well-trained and experienced persons. This research aims to develop an automated method for reading
MAT results using a motorized scanning stage microscope (MSSM) and a green nucleic acid dye, which
enhances visualization of MAT reaction patterns. A suitable staining condition was established by adding
2 ul of the dye before incubating MAT. Image capture was then set up, and the agglutination areas were
calculated for analysis. The utility of the MSSM reading method was then evaluated with 230 bovine
serum samples against Leptospira antigens, including Hebdomadis (HEB), Shermani (SHE), and Hardjo
(HAR). Receiver operating characteristic (ROC) curve analysis was performed to determine the cut-off
values, sensitivity (Se), and specificity (Sp) for each serovar. The results were as follows: HEB: cut-off value
10,660.00 um?, Se = 89.5%, Sp = 83.3%; SHE: cut-off value 20,583.00 um’, Se = 81.4%, Sp = 74.5%; and
HAR: cut-off value 21,078.50 um’, Se = 94.5%, Sp = 62.9%. The kappa values for the Hebdomadis,
Shermani, and Hardjo serovars were 0.562, 0.476, and 0.414, respectively, indicating a weak agreement
between the MSSM and the standard MAT, respectively. The developed MSSM method helps reduce
the potential bias associated with human interpretation of MAT results. It offers high sensitivity and
is suitable for screening samples in the serological diagnosis of leptospirosis, as it facilitates the analysis
of results and reduces the dependence on highly qualified readers. In future studies, the researchers will
perform additional validation of the MSSM approach to improve the kappa value. Increasing the sample
size will increase the potential for reducing false positives and false negatives while improving sensitivity
and specificity. Further developments will be validated and tested with additional Leptospira antigens

to ensure the accuracy of the MSSM method and enable result analysis at titer level.
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Introduction

Leptospirosis is a ubiquitous zoonotic disease that is multifaceted with symptoms ranging from
moderate to severe and potentially lethal. It has a wide range of clinical signs and symptoms that are
generally atypical, and it is frequently confused with comparable diseases such as dengue, brucellosis,
yellow fever, salmonellosis, and rickettsiosis (Goris and Hartskeerl, 2014; Sykes et al., 2022). Thus, the clinical
diagnosis of leptospirosis is crucial, and laboratory confirmation is considered necessary. Leptospira spp.
that cause leptospirosis was isolated from the environment and a wide range of animals over a century
ago and divided serologically into serogroups and serovars based on antigenic determinants (Cerqueira
and Picardeau, 2009). Recently, more than 350 serovars were recognized (Karpagam and Ganesh, 2020).

Various animals serve as reservoir hosts, maintaining leptospires in their kidneys and excreting
them through urination (Ko et al., 2009). Small mammals, especially rodents, are the most important
carriers including dogs and cattle are also significant sources of infection (Barragan et al., 2016; Guernier
et al.,, 2016). Each serovar is typically maintained in a specific host. Therefore, an animal species in

any region will be infected by serovars maintained by that species or other animal species in the area.



Cattle maintain serovar Hardjo, which has been a nearly worldwide distribution (Ellis, 2015). In Thailand
during 2010-2015, Shermani was reported as the most common serovar in humans and livestock
(Chadsuthi et al., 2017). In addition, retrospective microscopic agglutination test (MAT) results from the
National Institute of Animal Health (NIAH) during 2020-2022 revealed that dominant serovars in cattle
were Hebdomadis, Shermani, and Hardjo in cattle (unpublished data).

To diagnose the disease in serology, the World Organisation for Animal Health (WOAH) suggested
MAT as the standard for leptospirosis serodiagnosis in humans and animals (WHO, 2003; WOAH, 2022a).
This assay determines the degree of agglutination between live leptospires and antibodies in serum specific
to the serogroup of Leptospira spp. The endpoint has been conceived as the serum dilution that displays
50% agglutination and leaves 50% live leptospires (Fischer and Flores Somarriba, 2017; WOAH, 2022).
However, the challenge of this method is interpretation. Because the results are interpreted individually
by observing the agglutination under a dark-field microscope, highly trained personnel are required to
judge the results, whether positive or negative (Karpagam and Ganesh, 2020; Oyamada et al., 2021).

A motorized scanning stage microscope (MSSM) is a type of microscope that uses
a motor-driven stage to scan a sample. The stage can be configured to move in precise increments, allowing
the microscope to scan the entire sample and facilitates in imaging visualization. The strength of MSSM
is its adaptability to application needs such as light sources and detectors. Furthermore, microscopic
software enables multidimensional data acquisition such as multiple fluorescence channels, Z-stacks
(extended depth of focus), and time lapse to analyze results. This can reduce the operator’s bias in
MAT interpretation. Furthermore, this developed method can help to efficiently manage a large number
of samples because MSSM can automatically scan the entire sample, which can save time and effort
compared to manually moving the sample under the microscope and supports visual health.

In addition, this study used a green nucleic acid dye which is a fluorogenic agent emitting
green fluorescence, to improve image analysis of the MAT reactions. Green nucleic acid staining uses
a cell-impermeant dye that binds to nucleic acid of dead cells and visualizes it in green color. It is useful
for cell viability and cell structure studies. This might help to visualize the agglutination by observing
the green fluorescence emitted by leptospiral clumps. The purpose of this study is to apply MSSM to

MAT analysis and configure the software for diagnosing leptospirosis.

Materials and Methods

Serum samples

A total of 230 serum samples from cattle were submitted to the NIAH for leptospirosis testing
from 2021 to 2022 and stored at -80 °C until they were analyzed. The sera were chosen by MAT reactive
with three serovars: Hebdomadis, Shermani, and Hardjo. Sample size estimation for each serovar followed
WOAH validation guideline with expected sensitivity of 90% with a 5% error, expected specificity of 95%
with a 5% error and 95% confidence interval (Cl) (WOAH, 2022b). Each serum sample was retested using

the MAT assay against all three serovars.



Antigens for MAT

Three NIAH-maintained leptospires were used, namely Leptospira interogans serovar Hebdomadis
strain Hebdomadis, L. santarosai serovar Shermani strain 1342 K, and field isolated L. borgpetersenii
serovar Hardjo. Leptospires were grown in EMJH broth at 30 °C for 5 to 7 days. Live leptospires 2x10° cells/ml
were approximately quantified by a Petroff-Hausser grid (WOAH, 2022a) using phosphate buffer solution
(PBS).

Microscopic agglutination test (MAT)

MAT was carried out in a flat-shape 96-well plate by loading 25 pl of diluted serum in PBS to
1:50, and then adding an equal volume of live antigen to final titer of 1:100. This titer of 1:100 was
designated as the screening test cut-off (WOAH, 2022a). The plate was then incubated at 30 °C for
2 hours and examined with naked eyes by dark-field microscopy (Zeiss Axiolab, Carl Zeiss, Germany).
The reactive sample was determined when it reached or exceeded 50% agglutination. In contrast,
the reaction with less than 50% agglutination was considered non-reactive sera. Serovar-specific rabbit sera
and PBS were used for positive and negative control, respectively. The rabbit sera were kindly provided by
the WHO/FAO/OIE Collaboration Centre for Reference and Research on Leptospirosis, Western Pacific

Region, Australia.

Imaging for motorized scanning stage microscope

After the reactions were analyzed for MAT by dark-field microscopy, they were examined using
MSSM (Axio Imager.M2, Carl Zeiss, Germany). MSSM magnification was achieved through the use of a
5X objective lens and a 16X eyepiece lens. The imaging parameters were 300.0 millisecond (ms) exposure
time, autofocus, and min/max color balance. The images were captured in black and white using digital
camera (AxioCam 503, Carl Zeiss, Germany). The agglutination area was calculated using the AxioVs
40x64 V 4.9.1.0 software.

Optimization for green nucleic acid staining

MAT was diluted serial two-fold and the titer ranged from 1:100 to 1:6,400. The reactions were
then incubated for 2 hours at 30 °C according to standard protocol with additional perform staining
the MAT reaction. Two microliters of green nucleic acid dye were used in three different methods:
(1) adding dye before MAT incubation; (2) adding dye after MAT incubation for 15 min; and (3) adding dye
after MAT incubation for 30 min (Figure 3). Optimal condition was determined using cattle serum with
a titer of 1:1,600 against the serovar Hardjo as the representative. The procedure that provided an accurate
end-titer of 1:1,600 was applied in all subsequent MAT reactions. The reactions were observed using
the MSSM and areas of agglutination were recorded. The entire process was repeated four times and the

median of the agglutination area was calculated and then plotted on a graph to determine the slope.



Statistical analysis

The median of the agglutination area from a green nucleic acid dye optimization was calculated
and a graph was generated using Microsoft Excel 2021. The formula for the slope is m = (y2 - yl) / (x2 - xl).
The end-titer was determined by the rate of change of the agglutination area between each consecutive
pair of points. The steepest slope indicates the end-titer.

The data were analyzed using IBM SPSS Statistics Version 22. Cut-off values of individual serovar
were determined using the receiver operating characteristic (ROC) curve. The MAT was used as the
reference serological test to calculate the sensitivity (Se), specificity (Sp) and kappa statistic with 95% Cl.
The area under the ROC curve (AUC) reflexes test accuracy (Mandrekar, 2010); AUC > 0.9 — excellent,
0.8 < AUC < 0.9 - good, 0.7 < AUC < 0.8 — Fair, 0.6 < AUC < 0.7 = Poor, and 0.5 < AUC < 0.6 — Fail
(Nahm, 2022). The kappa result be interpreted as follows: values 0-0.20 as indicating no agreement and
0.21-0.39 as minimal, 0.40-0.59 as weak, 0.60-0.79 as moderate, 0.80-0.90 as strong, and 0.91-1.00
as almost perfect agreement (McHugh, 2012).

Results and discussion

Microscopic agglutination test (MAT)

The 230 samples were retested for MAT with serovar Hebdomadis, Shermani, and Hardjo, and
observed by dark-field microscopy. For each serovars revealed MAT-retested reactivity and non-reactivity
as followed: Hebdomadis - 38: 192, Shermani - 183: 47, and Hardjo — 55: 175. Ratio of reactive and
non-reactive sera were differed from estimation due to constraints on reactive serovars. Of the reactive
serum samples, 51.74% (119/230) showed reactivity to Shermani, 1.74% (4/230) to Hardjo, and no reactivity
was observed with Hebdomadis. In the analysis, 6.09% (14/230) of reactive serum samples showed
reactivity to both Hebdomadis, and Shermani, 11.74% (27/230) showed reactivity to both Shermani, and
Hardjo, 0.43% (1/230) showed reactivity to both Hebdomadis, and Hardjo, and 10.00% (23/230) showed
reactivity to all three serovars (Figure 1). Cross-reactivity among serovars can result in a single sample

reacting with multiple serovars (André-Fontaine, 2016).

b

n = 230

Figure 1 The 230 cattle sera were retested for MAT with three serovars and analyzed using dark-field microscopy. Abbreviations

for leptospiral serovars were HEB = Hebdomadis, SHE = Shermani, and HAR = Hardjo.



Optimization for MSSM
- Imaging for motorized scanning stage microscopy (MSSM)

This study used the MSSM which is a mechanical stage with a motorized system that
is controlled by microscopic software. The software will capture objects and comprehend them to
aggelutination area. Unfortunately, the image was disrupted by scratching on the microtitration plate. Thus,
these scratches were analyzed as the agglutination area and causing overestimated value (Figure 2a).
To eliminate this error, we stained leptospiral cells with green nucleic acid dye, a membrane-impermeable dye.
Cells with compromised membrane integrity are stained, whereas free leptospires are not. Scratching on
plate was disappeared when apply a green nucleic acid dye on reaction and observed using the MSSM
with a fluorescent light source (Figure 2b). Images were captured in black and white because grayscale
allowed for better analysis by microscopic software. The agglutinated cells were depicted in white,

whereas free leptospires could not be stained and blended into the dark background.

The reaction was captured one image per well, saved as program file and calculated
to agglutination area in um?® by microscopic software. We optimized the imaging of MAT reactions using

MSSM with antigens from three serovars (Figure 3).

Figure 2 Images comparing that showed MAT reactions without and with green nucleic acid dye. (a) The scratches on microtiter
plate appeared in the absence of fluorescent dye in the MAT reaction (arrow), 160X magnification. (b) The scratches were not

visible on MAT with green nucleic dye and agslutinated clumping was stained in green (90X magnification).



(a) Hebdomadis, area = 37,220 um? (ID159) (b) Shermani, area = 32,342 pm? (ID159)

(c) Hardjo, area = 31,889 um? (ID159) (d) Hebdomadis, area = 5,849 pm? (ID226)

(e) Shermani, area = 7,857 um? (ID226) (f) Hardjo, area = 14,450 pm? (I_D226)

Figure 3 Images of MAT adding green nucleic acid dye at a titer of 1:100 from the motorized scanning stage microscope (MSSM).
The MAT was tested with antigens from three serovars: Hebdomadis, Shermani and Hardjo. The samples on the left were all reactive
(a, b, ), while the samples on the right were non-reactive (d, e, f). The agglutinations were shown in white on a dark background.

More agglutinations appeared in reactive samples corresponding to higher area agglutination values.



Green nucleic acid staining

We optimized the conditions with respect to the time of addition of 2 ul of dye to the MAT reaction
by evaluating the agglutination area. The final titer when the dye was added before MAT incubation was
1:1,600 in contrast to the addition of the dye after MAT incubation for 15 and 30 minutes, which resulted
in final titers of 1:800 (Figure 4). Consequently, the addition of 2 ul of dye prior to MAT incubation resulted

in accurate titer determination. This condition was applied to all MAT reactions.
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After MAT incubate 30 mins -2,488 - 3,654 -3,115 - 5,140 - 3,508 - 2,564

Figure 4 Time optimization for applying green nucleic acid dye in MAT assay using motorized scanning stage microscope (MSSM).
Comparison of agglutination area under three conditions: Addition of the dye before MAT incubation (—s—), addition of the dye
after MAT incubation for 15 min (&) and addition of the dye after MAT incubation for 30 min ( --e--). The data in the table

show that the slope corresponds with the antibody titers, and the final titers for each condition have been highlighted in grey.

Cut-off points, sensitivity and specificity for MSSM

The ROC curve is a graph that illustrates sensitivity (y-axis) against 1-specificity (x-axis) and shows
the compromise between sensitivity and specificity. It is a method of evaluating the performance of
a developed test that categorizes subjects into two groups: diseased and non-diseased (Sharma and Jain,
2014). The cut-off point for Serovar Hebdomadis was 10,660.00 um? (AUC 0.933; 95% CI 0.869-0.970),
Shermani was 20,583.00 um?’ (AUC 0.823; 95% C| 0.753-0.894), and Hardjo was 21,078.50 um?
(0.820; 95% Cl, 0.760-0.880) (Figure 5).
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Figure 5 Receiver Operating Characteristic (ROC) curves for Serovar Hebdomadis, Shermani and Hardjo by MSSM. The red line
shows the mean area under the curve (AUC), with the AUC value and 95% Cl in parentheses. The points of the plot correspond

to the values for sensitivity and specificity.

The area under the curve (AUQ) for the MAT tests of the three serovars in this study ranged
from 0.820 to 0.933, indicating good model performance for the selected cut-off points (Table 1).
An AUC value of 0.5 indicates that the selected cut-off point does not discriminate between disease
and non-disease or condition based on the test. If the value is close to 1.0, it means that the selected
cut-off point improves the test accuracy (Mandrekar, 2010). Therefore, the cut-off points were considered
appropriate in this study.

Agglutination areas below the cut-off point were considered as non-reactivity, while values
equal to or higher than the cut-off point were defined as reactivity. The optimal cut-off points reflect
the effectiveness of the test in terms of sensitivity and specificity. The sensitivity and specificity of
the different serovars are listed below: Hebdomadis: Se = 89.5%, Sp = 83.3%, Shermani: Se = 81.4%,
Sp = 74.5%, Hardjo: Se = 94.5%, Sp = 62.9% (Table 1). The sensitivity of the MSSM assay reflects its ability
to correctly identify all MAT-reactive samples and ranged from 81.4% to 94.5%. The specificity of the MSSM
assay reflected its ability to correctly identify all non-reactive MAT samples and ranged from 62.9% to 83.3%.
In this study, high sensitivity was preferred over lower specificity because we developed MSSM for MAT
screening. If the sensitivity is higher and the specificity is lower, this means that more false positives are identified.
We evaluated the agreement between the results of MSSM and MAT using the kappa statistic.
The kappa values for the Hebdomadis, Shermani and Hardjo serovars were 0.562, 0.476 and 0.414,
respectively (Table 1). The results of this study showed poor agreement between the MSSM and the standard
MAT, with approximately 50% of the sample scores being inaccurate. To improve accuracy,
the sample size should be increased to reduce false-positive and false negative results and increase the

sensitivity and specificity of the test.
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Table 1 Area under the curve (AUC) and its 95% confidence interval (Cl), cut-off, sensitivity and specificity of the MSSM

analysis.
Hebdomadis Shermani Hardjo
AUC (95% ClI) 0.933 0.823 0.820
(0.869-0.970) (0.753-0.894) (0.760-0.880)
Cut-off (um?) 10,660.0 20,583.0 21,078.5
Sensitivity (%) 89.5 81.4 94.5
Specificity (%) 83.3 74.5 62.9
Kappa (95% ClI) 0.562 0.476 0.414
(0.444-0.680) (0.351-0.606) (0.309-0.510)

The development of a machine-assisted interpretation system for MAT is a complex process
and has only been described in a few studies. Oyamada et al. (2021) reported the first application
of machine learning in the interpretation of MAT and developed a machine learning model for the
diagnosis of leptospirosis. They conducted experiments to evaluate different feature extraction methods
using positive and negative images of hamster serum MAT to train a Support Vector Machine (SVM) to
accurately classify each MAT image as positive or negative. They found that the method of extracting
histograms of wavelet coefficients provided precise and accurate data for SVM decision making. However,
it is important to note that their approach was to extract data into histograms and teach the machine
to make decisions, while our approach was to use the MSSM software to extract data into agglutination
regions and then make a decision. Therefore, comparisons between their methodology and results and
those of our study are difficult due to the use of a different microscopic platform and different leptospiral

serovars. Therefore, a validation of the method should be performed.

Conclusion and Suggestion

In this study, the MSSM was used as a tool in the analysis of MAT reactivity with the aim of
creating an interpretation standard that is more robust compared to human interpretation. However,
this approach is a prototype that uses MSSM and software to analyze MAT results. The parameters
for acquisition and cut-off value are exclusive to this condition. Other laboratories need to validate
the results with their existing serovars as the results may vary due to the use of different serovars and
strains as well as the concentration of leptospires. Further studies need to be conducted to validate

other serovars and develop the interpretation of the titer.
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Detected from Pork Products Seized at International Animal Quarantine Stations
Located in Northeastern Region of Thailand, 2019-2020

gudl 891’ geu Weduns® Aan eunsuan’
Supranee Seeharach!" Udom Chuachan® Dilok Ounpomma’

Abstract

Background: African swine fever (ASF) disease is a contagious disease that causes significant mortality
and economic losses to the swine industry. Pork products contaminated with ASF virus (ASFV) may
increase the risk of disease spread in Thailand. The goal of this study was to describe the molecular
epidemiology of ASFV from pork products seized at international animal quarantine stations in Thailand’s
northeastern region between 2019 and 2020.

Method: Over the period of 2019-2020, 2,694 samples of seized pork products were gathered
from six international animal quarantine stations in the northeastern region. Real-time PCR was applied
to detect DNA of the ASFV. Positive samples were then selected for DNA sequencing analysis. Analyses
of univariable and descriptive statistics were conducted. Phylogenetic analysis and phylogeography with
geographic coordinates were constructed.

Result: The DNA of ASFV was discovered in 170 pork product samples (6.31%, 170/2,694), including
fermented pork, sweet sausage, sun-fried sausage, fermented sausage, sausage, and steamed sausage,
seized from four international animal quarantine stations. The highest percentage of ASFV DNA detection
was identified at the animal quarantine station in Surin province (21.55%, 103/478), followed by Ubon
Ratchathani (10.91%, 48/440), Mukdahan (3.06%, 13/425), and Sisaket (1.43%, 6/420) provinces. Pork
products seized by the Surin animal quarantine station were tested positive for ASFV at 60.5% (103/170)
of all ASFV-positive pork products. Phylogenetic analysis based on the partial B646L (p72) gene revealed
that the ASFV in 20 seized pork product samples from four international animal quarantine stations were
classified within genotype Il and had 100% nucleotide sequence identity to each other. The Thai ASFV
isolates in pork products had high homology with Chinese strains.

Conclusion: This study found DNA of ASFV genotype Il in pork products and the Surin animal
quarantine station had the highest number of ASFV-positive samples. Knowing the ASFV genotype is
beneficial for searching epidemic data, disease severity, and appropriate laboratory testing which will be
used as basic information for related staff in order to strengthen the country’s disease prevention and
control efficiency.

Keywords: Molecular epidemiology, African swine fever, pork products, northeastern region
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UNANED

AunvasnisAnen: Tsnefindloninilugns (African Swine Fever, ASF) iulsa@nseonsslugnsvinlid
Snsthenegs warabuarmdsmemaasssialiiugnamnssunisdesanaduegienn dednsusiansia
nsuudeurentehialsnefinduoniniluans (ASF virus, ASFV) enafiaudssiiasshlmiAanisseuinves
Tsaiitu ddunmsinuededfsdvguszasdiofnussuininenssiilianavedhialsnefinduoniniluans
NnMogsndniusignsiinsiadaldnnsuiniudaiszniassmdlunang fusenideaniovesussnalne
3¢9 WA, 2562-2563

Fns: swrwiedawdnsasiansinsadaldnndiniudaiszuiisUssma 6 wis Tunangueen
Wil 581319U WA, 2562-2563 31U 2,694 FIIE 1 ATIVVNANTHUTNTTU ASFV A7 Real-time PCR 210
Hudadendosailvinauan YWNIATIEARUAITHUTNTIN IATINTBLAMIEATATNTTUU Lagn1Ad
duiussEn I AudRIsEnINUsEmMALAENNINTIINU ASFV InensiiasesiadAltiseyanumeis Univariable
analysis S3uf9a1auHUATANUAITUETTTANNT tazinuianuduiusiiadiaunissududeyafiiani
Qilenans

WA ITITNUANSUGNTILYRY ASFV TunBnsinusians fedl vy nuiles vguaniie wiuuny 1dnsen uas
vyee finsradaldanainiudnisyninassma 4 wis 9 1w 170 fegs Andudosas 6.31(170/2,694)
Tnemusnniigeiisuinfudeiaiunsamuiosas 21.55 (103/478) sesaaniiquasivsiiinuiesay 10,91 (48/440)
ynaswUTesar 3.06 (13/425) wazdavinuwuiesas 1.43 (6/420) wansiausianansiinsiadalnesuindy
dniaiunsnmany ASFV Aalufesar 60.5 (103/170) veswAndmiiiingaanulsn ASF famun n1sdnu
AMUANTUSI A TamnsusaIuvesiiy B646L (p72) ved ASFV 2nwAnsmaifingiadald 20 fegnean
s Audn i 4 unts WuIdneglu genotype Il waziiiofidudnnumilsuiuresdiuiandlolng 100% uax
wuihdanuwmiloutu ASFV fissuialussmaiu

agU: mafinwiadsiinuanstugnasa ASFV genotype Il Tundnsfasians Tnswuinnlaafiduindudng
g5uns 1nen13NI1U genotype VeI ASFV ﬁwUﬁﬂﬁmmmé’um%gamswmm ANUTULS war3in1snsai
g deldifudoyafuglitudimiing dmsunauumdumstestu wasavaulsalulssindlis

Usednsnm
AdnARy: szunIvensyauliana lsmeinduensniluans wdadadians aenziueenideunile
-]
UNUN

Tsmefinduoninilugns (African Swine Fever, ASF) ifhilsassuiniiiAntiulugnsuasmyt deanu
Aevgagisguusilugnamnssuniadesans Sawman Welifalsnefinduoniniluans (ASF virus, ASFV)
(WOAH, 2023) 18ula$auszunn DNA anee dneglusd Asfarviridae ana Asfivirus wlsmudnsayasnugnssy
IshTu 24 genotypes (Qu et al., 2022) ASFV anansnegjsond pH 3.6-11.5 LLasﬁ%’ima&“ﬂé’ﬂunaﬁmﬂuﬁaqﬂi
wAnfausians don gaanse uanieibe widersgndudsiigungfi 56 ssmueaidea (Hua 70 wnit ude
60 oyieaLiya Wunan 20 Wi (WOAH, 2023) fiseauniswuadausnlugnsiivssmaauglul we. 2453
sl wa 2560 fsmeaumsssuinves ASE lulsuasade (WOAH, 2020) wasidngnivieidondausni
Uspinadulul e 2561 (Yun, 2020) sdsniufisngnunisszuinves ASF Tunguussimaaifeny fuaen

a

dedld Meludeauy dunw a1 Wewins Sulaitlige HAUTUA uwavhues-laawm (Woonwong et al., 2020)
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vl ASFV fimuluniviede swdseidenstusenidedd 1y genotype Il dsflanuguussuasyiiliannie
ndsnldsude fevas 100 emsuazsoslsaiinudo IWgaunnniwieniiiu 405 ssusados ueudy
dAuems duuazala fudfidunasiunzunndis Yeadniau slaflyadensonuasiithlugauila
uazsiovlndaiyaidonsen Tasiwdesinaldnuazymivunlouaziiyaidonsen (Zhou et al,
2023) uananil Wl n.e. 2564 n31aNU genotype | viuanslulsuinaiu nolsalisunsusuaniensFoss
nldandeneiiomiuezdouin dudu genotype Lﬁmﬁ’uﬁmaizmmhﬂigmm‘lﬂmma (Sun et al., 2021)
MsfnsaYes ASFV antnsafnseldainnisdusiatudnivielnenss dnumnaden ands 99913z viseRnsor1u
nsuudourendelidlufunivuy gunsaledesiielunnfy vievudloulufuaunuissans wenanians
annsafin ASFV annsiuileviendndusiainansiithenedie ASF 18 (Sugiura et al., 2020) sgwingd
2561-2562 luldniuuarans1susginmnansaany ASFV genotype Il Tundndmdians wu ldnsen uazwau
finsaadaldanineniisafividrululssnadedinudssgefias Juanmgld ASF Rannssevindy
meluvszmald (Kim et al, 2019; Wang et al., 2019) M3n521930ade ASF WeaUfiRnsvialuldis
Real-time PCR (King et al., 2003) @un15Anyszuinineg seauliianan genotype Wielimsuisfiunnde
AwduSYRseTiug ASFV agilaevimaniuasiugnssues C-terminal end gene B646L (p72) Fudu
ﬁuﬁag’dauﬂmdm‘mmmmmLﬁ@mimﬁlauwaﬂé’dwﬁﬁﬂLLuﬂL%alﬁﬁgq 24 genotypes (Mazloum et al.,
2023)

manziusendsaviiovesussmalnedvsuaufiaefuussmafioutu naudadnldfiuindudng
FENINUTENATIVIU 6 W AULLITIELAUUTENBUAIY ATUANAUERTUBIATY UATIUL YNAMT QUATIYSIH
F3AzInY wazgiun$ Wievhnmansedeulasiinse Yinaadeutnedniviesindn fnuiansidin winans uas
wanAnusino1afinisdnasuihidunlulsemelne mndnsmsenuagiinsnsaBanagians wetosiunsuns
svumvedlsn nioudsiegnIeteslfifinisiedusunisuudion ASFV windinisdnaendiuszne
dethindwiuugemsuasiavevnsfildihunsulvianluidesans Weanshuewensiid ASFV gyl
ansthouaziiansszuin ASF 19 Ssmsdnasuindeudiogns viewngnssaiawdniasiansedisiiangmne
FJulduladodesiididglunisuninszarsvesdse Tnsaniznisundnsyaediunsuuwauseninalszimea
(Songkasupa et al., 2020)

Hagiulsinsthszusinenseiuluena vensiianesiteyalusyfumstugnssuiiomanivnmsszuin
vadlsa ASF lufiufinianzusen wazninsu q vosUsundlne Tmsiueiiunrdennuduiusaes ASFV
(Songkasupa et al., 2020; 35¢74f, 2565) AmunsAnwASaETTagUszasdiiodnwszuinesedlana
Y93 ASFV 91nwdndusiansiinsadalsandudnfudniseninasamaluniang fusenidoanie szming

(9

Y w.a. 2562-2563 dwmsuldlunisiiseiaarnanutesiulsa ASF Tudsewalnefiorafinisuuideuuniu

= £

wansioueians nvisiteidugiudeyalunis@inuansiugnssuves ASFV ludsswelveseld
¢ ad
aunIULALIENS

dayadletnunaznsiaszidaya

swsdeyanndsiansonegieilinauanie ASFV #2875 Real-time PCR finsaadalditamun S1uau
2,694 fneens undndusignsluviosiuiidinnanussmaiiveunuiniulssmealng dusninfudnd
seisUsendaluniang Jussnideanie 6 uva Ae Auiniudninuesrng uaTUL INAWNT QUATIYSTH ATaziny
wazgiums Tuseningd wa. 2562-2563 thieyadnnusediendnsamiansiimuastugnssy ASFV Sauunaa

AuiniudnisenineUsemaniinseikagenuraluguuuuvesadifidamssaun Ineduiumaiegazves
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HANAMINGNTNATIINUAITRUGNTIN ASFV 21nauiniudniseninelseine meadisla-awas () Nsed

c

Anudesiu 95% Taglilusunsu SAS version 9.1 (SAS, 2004) uariiaseiluguiuuvesadaifseysny meds
Univariable analysis Tngld Tusunsu R and Epicalc (Virasakdi, 2012)

nsfnLdandetaievafUssUgNITY

AaLdenog1afinganuasHuUgNITNVeY ASFV #1835 Real-time PCR (King et al., 2003) Way
fiAn Threshold cycle (Ct) A1 30 13 20 feghs dandinnzsiaduansiugnssy Tnogusegiae
3 Stratified random sampling wiadu 2 ngusdununians fusenidsamilonsuuuuazmeuasiiiuiioeg
Mneuiliansisusgusrrsulnsussvvuanuasfunvegisazads uazuungundnfausinanauiafulil
AT 0E

nsafaLaz NI ME TGN 5
afnfeg9aiugnssu DNA ved ASFV fegnarindniagu E.Z.N.A.° DNA/RNA Isolation Kit (OMEGA®,

Y a o

USA) siunmsauiidnuuziin isuSunaasiugnssuses PCR sunisfinwiwes Bastos et al. (2003)
Tneldlnswes forward (5 GGCACAAGTTCGGACATGT 3) wag reverse (5 ° GTACTGTAACGCAGCACAG 3”)
Tne PCR product 7iiintududiumievestiu B646L (p72) Slvwm 478 bp ﬁaaﬁwmLﬁuﬂ%mmmiﬁuqmsu
AmpliTag Gold™ 360 Master Mix (Thermo Fisher Scientific ®, USA) Tneldia3oe Thermal cycler (GeneAmp™
PCR Systern 9700, USA) aartumeudall Initial denaturation 94 esrwaidea 15 3wl U§A5e1 PCR Sy
35 59v 1#uA denaturation figaumgil 94 srwaBea U 15 3uil annealing flgamail 50 ssriealdoa
U 30 3undl uae extension Migumgll 68 srwALdEE U 1 W17 Ay final extension Tigamydl
68 DAmwalded Wl 10 ul Iu%y’umauqmﬁw mﬂﬁ?umm@ PCR product mg 1.5 1Wesifiusd Agarose gel

electrophoresis 1nely Gel documentation sq'u Essential V6 (Uvitec®, UK)

NIMAIRUEITAUGNTTY

11 PCR product v 20 fete TWhnsizdmansuiiandlelndunsdiunesdy B646L (p72) 7
AuzLNEAART v Inedevauunu Ineth PCR product fildvilvusansseyminendgagy ExoSAP-T™ PCR
Product Cleanup Reagent (Applied Biosystems®, USA) LLasﬁﬂ,Umaamﬁwé’umsﬁuqmm‘l%m’%'aa Applied
Biosystems 3500 Genetic Analyzers (Applied Biosystems®, USA) #1875 Sanger DNA Sequencing

N3EFIUHUANAMUTNRUSIZITIAUUINTS (Phylogenetic tree)

ihieyadfuiiandlelndunsdiuesdu B646L (p72) s 20 faoege idaFeauasasivaeudiiy
fandlelnanglusunsy BioEdit version 7.7.1 (Hall, 1999) Awasigwnvesiduininumilousss
avuiinalelug (% identity) f\nﬂﬁ"unﬁsmLﬁa‘uﬁuﬁﬂﬁuﬁmﬁ‘ldwﬁﬁamymﬁ%q ASFV 513 24 genotypes
Nngutioya GenBank Tnedaidendetsddiuinadlelnafililunisiinsizsinunisnuves Shiet al., (2022)
Wisuiiisuanuduiudszninafuianalelndidnudvaiduiondlelndangrudeyasisunugi
phylogenetic tree wagdasehAuduRusHe35 Maximum likelihood analysis naaeuaueiuge3s
bootstrap 1,000 ﬂ%y'\‘i pelusunsu Molecular Evolutionary Genetics Analysis across Computing Platforms
(MEGA X) version 10.2.6 (Kumar et al., 2018)
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N3ANETEUININeIABNUIANNFINUSIB T InuINM sTniudeyaiiianiegiirans (Phylogeography)
ihdeya Phylogenetic tree UdIYBIEU B646L (p72) B AFSV genotype Il 31nfag1anAnyiay
INg1UTeYa GenBank 71ld w1¥Avi1 Phylogeography saufudeyaiinanieiiaans lngld Package ape,

a

Phytools, Mapdata Tulusunsu R studio (Revell, 2012) Wouansitniinuaw Phylogenetic tree

NakazIaNsal

nsATIEideya

NnmMsezideyanuitndndusignsidnasuiiissmalnglunans Jusenidsamileszning
U we 25622563 gnasaabaldlassuinfudniseninesamas 6 wis fSuaufinsadannduusiasuss
DEj5¥INg 420-498 Fog TavAT UL 2,694 Faeg1e (Ml 1) TnemsanuasiugnIsIYR ASFV
e85 Real-time PCR lundnsituaians 170 fege anauindudaiseninsUsene 4 wiv Anduiosas 6.31
(170/2,694) Fashudniudnigiundnuinnianiesay 21.55 (103/478) quaswsiiinudesas 10.91 (48/440)
ynaINUFesas 3.06 (13/425) wazriazinwnutiesiign Sesas 1.43 (6/420) d@umuBIMBIAZLATHUY
ladnuansiugnssuludiagng uananil levhnsieseimanuduiussenineiladouagnnsnsany ASFY
WelUTeuliisuduiuiiedniinsadaldainduiniudniudazuisinsanuasiugnssn ASFV fe
M odds ratio, 95% Cl wag p-value (5197 2) Wuiwdnfasignsinsadaanuiniudniadiuns was
guas19s1il Tlenanu ASFV launndtduindudndaSaziny 9 18.95 uay 8.45 wm1uaIau diu
Auiniudadynamsileniany ASFV liuansnainauasasine (0>0.05)

Huihiduneifideoswuinfudnfssniasamais 6wy (Uil 1) Wurewnsiiannsndenluds
NufifidiAnnisszuinves ASF ludsginaiuny Heauiy wazUsenady q luelengfusenidedld
(Woonwong et al., 2020; Shao et al., 2022) Tutsandifnwndmthfisuiniudaiseninasemansiadn
wAnAausignslidaumn Uszneufuussmaiiouthuinnsssuiavestsa ASF flgnstisuazmediuausin
(FAO, 2023) Fsfiamuibuldldhenaimsiidognsinuussiduomafieviion wandreduveshnuiesmine
wazrumudslulsandlne sadaaivemisiusuiniudniaiuns uazquasisnd Wudeanng
frudreonvessrrruiaessemaazaInuaziimadmetiuluinegusssn3ailomany ASFV Tusdnsius
qmmﬂﬂfjwhuﬁlu 9

ANIMTITNUANTHUGNTTUVBS ASFV nwanausignsulsjuidnasuiiussinaaenndesiunisinu
fensnsnudguszrvudu (vt (Wang et al., 2019) uazuszmnalng (Songkasupa et al., 2020; 35334, 2565)
uana1nil un1sAnw1ves McKercher et al,, (1978) wuin ASFV fivumteulundnsfusians wu 1dnson
fenuannsalumafissnuunasrelseld aeanfestumaszuin ASF adusnlulssimadudsdanmdululdgei
fauvmnnsdnasutiioniendndusiansdUssmaudninavennsiia ASFY a1nfueimavieresaia
widesanslushfnnemsnssieges (Li and Tian, 2018) uasvmmsaifin ASFE flunsnszatsaniesinailus
Tusenna Tull w.a. 2500 waw w.a. 2502 Feauvmeruiinainnisliavemsiial ASFV ifesans (Wilkinson, 1989)
fiddnyRoanunsonsrany ASFV Tugnand myaudu wasidledlass anmstudunannuiian 18, 60 uay 83 Tu
MU (Petrini et al., 2019) il dinpsaaaeuwazinufivuardnd ansnsasgussrudu (i) fseanu
avranu ASFV Tuldnsenantinvieafleniiuanussmaiu ilissuiadunalunisiiss TuagnsaBandn st
fidnvieufisaindiun (Wang et al., 2019) FufulszimalneFsfosiarudusinuinugaiiuuny
Tunsesauanihsz Wllidnsiwandasians ieans uavansi@iadnnmelulssmmiietionty ASF uay
AHUNMIIULELRTENANNNSaUTULR ASF Tulssmelngagnadany



M990 1 PIWIUREAAUININGNITNYNATIITAUAL TDIAZYDIRIDYNNNTIINUATNUTNTTUVDY ASFV nauiniudnisening
UszinAluniang Tueanideanile seninl 2562-2563

. Fouas
snuiniudad mufua?mifm mm}; ﬁﬁli’mW‘U Suaufinsranu/suan  swauiinsanuudaza
(A29819) (f72819) e .oz . o 5
f9819NNA TIUUNATIINUTIINRUA
guns 478 103 21.55 60.59
guUaTIYeNl 440 48 1091 28.24
1NANYNT 425 13 3.06 7.65
eI 420 6 1.43 3.53
UATWUL 433 0 0.00 0.00
NUDIAY 498 0 0.00 0.00
374 2,694 170 6.31 100

A13197 2 I1FHAAIANINFUNUSYDINITNTIVNUANTRUGNITUVRY ASFV TundnsdamiangnsanuiniudniseninaUsewme

Tun1angTueanidaanile

AIINU ASFV as29linwu ASFV ket

arunniudnd N (Fr269) (Ea819) odds ratio*  95% C/** p-value
fdzInY (reference) 6 414 420
E‘;I‘%‘Lﬁ/lif 103 375 478 18.95 8.23-43.66 <0.001
Q‘Uai’ﬁjﬁﬂﬁ 48 392 440 8.45 3.58-19.96 <0.001
Ynamsg 13 412 425 2.34 0.89-6.16 0.084

v

nnewn: * Tun1slas1enie odds ratio ldlamzdeyanauiniudainnsianu ASFV Ussneume auindudaiasasiny lSsuiieuiu

PN

AuinAudnIgiuns quaswsill wagynams
** (I, confidence interval; fisgsummLTosiuiosay 95 (p<0.05)

L5
an A
@ shudndudad
. . nanfmueidnTIaNy ASF
AUNUDIAY 0% nanfaridnTatiny ASF
ATuuATIUY D“V:J
1)
b ‘LVI EJ AMYNAT 3.06‘;5

AuguaTIYsTil 1091% | )

» T
@ @O
ATUEIUNT 21.55% ATUATEL

N =9

JUN 1 wnuiuansiasiuindudadseninUsemalunengiusenideunile uasiosazn1snsiany ASFV fignasiadaainnisdnasy
Undnsgina semined 2562-2563
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M13197 3 ¥llavesietawdnduaiansiuieaduidnunanussmandnouaufniuussndlneannsnsagavessuiniudn

lunangiuesnideunilenlilunisiiasgiddiuansiugnssuves ASFV

arunniudnd NAnA I 1UIUY AUBLAUAIDEN
(firoenq)

1NANMNT NUITEA 2 THA/Muk1-2019, THA/Muk2-2020
AUNNY 2 THA/Muk3-2019, THA/Muk4-2020
%Mv%”] 2 THA/Muk5-2019, THA/Muk6-2020
mgummﬁm 2 THA/Muk7-2019, THA/Muk8-2020
nyee 1 THA/Muk9-2020
ldnsan 1 THA/Muk10-2020

QU@‘S’]‘USV'@ ....... Lmum;ﬂ T 2 WHTHA/UbOnl—2019, THA/Ubon2-2020
0] 1 THA/Ubon3-2020
NUITEA 1 THA/Ubon4-2020

duns wh o 2 THA/Surinl1-2019, THA/Surin2-2020
NYUAALAE? 1 THA/Surin3-2020

Ranny Ynsen 1 THA/Sisaket1-2019
ny$ 1 THA/Sisaket2-2020
NYUAALAE? 1 THA/Sisaket3-2020

394 20

HANTSFUAIDE1INENTUNANITTNTIINUAITHUGNTINVEY ASFV ie3T Real-time PCR wlounluiiasizi
°o v a s o v i = a o ¢ Y a oo w o a o
manauihndlelnd d1uiu 20 fege Fuduwdndusignsluviosduniidsnanndseinaidneuauiiniu
Ussalneuaznsnnbalaainauindudning 4 wis Useneumendndneimvy$1dnuiu 5 fegie nuilissdiun
3 f9989 VILUAAREITIUIL 4 FI9819 WAuNnyTILIL 4 Mg ldnTenduiu 2 Mg wasnyeeduil 2
Mg (M5199 3)

a v

NSMIAIRUEI TN UGN TTUUATES UL TANNFUNUSIFATAININIT (Phylogenetic tree)

a

foyamalianeidduasiugnssuudinuesdu B646L (p72) 1n ASFV lundnsasiansiia 20 feg1s
dowFeudisuiutoyameiugnasuves ASFV lu GenBank wuiheegsiiinuvianuadnoglu genotype I
wagfesidudmnumieutuvesdduiandlelnd 100% ethluisuiisuiudduansiugnssuuisdau
138U B646L (p72) N ASFV Useinedy o lugudeya GenBank laun15a31e Phylogenetic tree (gﬂﬁ 2)
wuifieandieutu ASFV fisvuialuussinadu (MH722357) Usemalududn (KY353981) Ussinmaedlies
(AM999764) Uszineanani (JX294724) Useinaginsu (UX857521) uavUseineluuaud (K1627217) lnefiiUasigud
auilouvesdiuiiadlelnd 100% Jsaenndosiun1sdinwiues Songkasupa et al., (2020) uag 5879 (2565)
finu genotype Il Wy @ eenotype Bu 9 1w genotype I, IIl, IV, V, wag XXIIl wuindesidusanuniiou
vosdruiindlolndanas Ao 98.90%, 98.10%, 98.10%, 97.90%, 95.00% MINEINU WAz N IUTaya ASFV
Ty GenBank WuM3s¥UINTBY ASF uanmiuesni e genotype | uaw senotype Il Wik Tne genotype |
LPYTEUIAKATATIIANULHEM B ERa 1N TIUNSHANNSTuNIUYLsy du genotype Il AETEUIABE1IULN
vhelsunaauazngSuseniiau 20 Ussina waglull 2561 Bussuiniiseimadu seunlud 2562 ssuadiuedlnide
Boauw fuwen goens inwd a1 HaUTud Wewsns Aves-taain uazdulaiie Tud 2563 ssuiniitrihinid
wazduiiy (Woonwong et al., 2020) wagnunsszuintiulunivawsnilalulsenaasisussladiiuasies
(Vincent, 2023)



THA/Surin1-2019
THA/Sisaket3-2020
THA/Ubon2-2020
THA/Ubon4-2020
THA/Ubon3-2020
THA/Ubon1-2019
THA/Sisaket1-2019
THA/Sisaket2-2020
THA/SUrN2-2020
THA/SUrin3-2020
THAMUKS-2020
THA/MUK3-2019
THAMUK2-2020
THAMUKB-2020
THAMuk4-2020
THAMuk10-2020
THAMUKT-2019
THAMUK9-2020
THAMUK5-2019
THAMuk1-2019
21 | MH722357 CN201801 China/2018-I
AMI99764 Georgia 2007 Georgia/2007-1I
JX294724 Mal 2011/01 Malawi/2011-
KY353881 MOZ 2/2006 Mozambique/2006-I
KJ627217 Pol14/Sz Poland/2014-I
JX857521 Ukr12/Zapo Ukraine/2012-]
——— KY353989 MOZ 10/2006 Mozambique/2006-XXIV
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