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RESEARCH ARTICLE
Primary screening of antibacterial activity of Piper betle leaf
extract against Porphyromonas gingivalis,

bacterium causing periodontitis

Korawuth Punareewattana*, Jareerat Aiemsaard

Abstract

Objective - The aim of this study was to test antibacterial activity of Piper betle leaf
extract against bacteria causing periodontitis, in vitro.

Materials and methods - Antibacterial activity of Piper betle ethanolic extract was
evaluated against Porphyromonas gingivalis W50, a standard strain of oral pathogen.
Disk diffusion test was used for the primary screening of antibacterial effect, and broth
microd ilution test was used for the determination of the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC).

Results - The results showed that antibacterial activity of 5% Piper betle extract was
equal to that of 0.12% chlorhexidine. Antibacterial activity of Piper betle extract was
concentration-dependent as 10% and 15% extracts produced larger inhibition zones
than 5% extract. The MIC/MBC of Piper betle extract was 48.8/48.8 ug/ml which was
lower than that of chlorhexidine (75/150 ug/ml).

Conclusion - Piper betle extract had antibacterial activity against Porphyromonas
gingivalis. Taken together with its known antioxidative activity, the present results
clearly show that Piper betle extract is a good candidate for developing pharmaceutical

preparations for canine periodontal disease.
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Introduction

Canine periodontitis is a group of chronic inflammatory diseases of the tissues
supporting the teeth commonly encountered in dogs with high prevalence. Around
80% of dogs older than 2 years were commonly affected (Niemiec, 2008). The affect-
ed tissues include the gingival, periodontal ligament, cementum and alveolar bone.
The disease can cause not only tooth loss but also involve other systemic diseases,
such as renal or cardiac disorders (Albuguerque et al., 2012). The causes of disease
are multi-factorial involving host and bacterial factors. Several oral pathogens were
found in the periodontal pocket of dogs, and one of these, Porphyromonas spp. was
the major type of bacteria as same as in humans (Hardham et al., 2005). Besides
bacterial types, this disease in human and dogs are similar in pathogenesis and
histopathology. Canine periodontitis, therefore, has been used as a research model
for human periodontal disease (Albuquerque et al., 2012).

Porphyromonas spp. is gram-negative and black-pigmented anaerobic bacteria
which have a major role in pathogenesis of human and canine periodontitis (Albuguerque
etal., 2012). A variety of species of Porphyromonas spp. have been reported in dogs
(Hardham et al., 2005; Isogai et al., 1999). Porphyromonas bacteria are opportunistic.
In the periodontal pocket with anaerobically environment, they increase in number along
with other anaerobic bacteria forming subgingival plaque resulting in the initiation of
periodontal inflammation. In dogs, the frequency of detection/isolation of Porphyromonas
spp. from dental plaque increasing significantly from 2 to 4 years of age association
with the severity of disease (Hardham et al., 2005). Plaque accumulation results in
gingivitis initially and development to periodontitis depending on host factors and
virulence factors of bacteria. Porphyromonas spp. possess several virulence factors,
such as gingipains, lipopolysaccharide (LPS), capsular polysaccharide (CPS) and
fimbriae that can promote the progression of the disease (Bostanci and Belibasakis, 2012).

Approved and effective antiplaque agents are scarce and extensive research
has been conducted to find alternative active substances that can be used for
prevention or treatment of periodontal disease. Against oral pathogens, several herbal

compounds were proven to have antimicrobial activities (Cowan, 1999). Herbal extracts
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prepared from plants including Syzygium aromaticum (Cai and Wu, 1996), Hamamelis
virginiana, Arnica montana, Althaea officinalis (lauk et al., 2003) and several plants of
traditional Chinese medicines (Wong et al., 2010) were effective to cure periodontal
disease. Even Japanese green tea has antibacterial activity against canine periodontal
pathogens (Isogai et al., 1995).

Among various herbal plant extracts, Piper betle extract has been studied
extensively in Asia. The extract contains various substances such as essential oil,
tannins, flavonoids, alkaloids, which among them hydroxychavicol and eugenol are the
well-known components (Singtongratana et al., 2013). It has antimicrobial activities
against a variety of microorganisms including bacteria and fungi, and it also exhibits
antioxidative activity (Dwivedi and Tripathi, 2014). A recent study showed that Piper
betle extract was actively against a variety of oral bacteria including Streptococcus
mutans, Enterococcus faecalis, Pseudomonas aeruginosa, and Lactobacillus spp. (Salam
et al., 2014). In this study, we evaluated antibacterial activity of Piper betle extract

against Porphyromonas gingivalis using disk diffusion and broth microdilution tests.

Materials and methods
1. Organism and culture condition

The bacterium used in this study was Porphyromonas gingivalis W50, a standard
virulent strain from animal model (Igboin et al., 2009). It was maintained on tryptic soy
agar (TSA) (Becton Dickinson) supplemented with 5 ug/ml hemin (Sigma-Aldrich),
1 pg/ml menadione (Sigma-Aldrich), 10 ug/ml kanamycin (Sigma-Aldrich) and 5%
sheep blood in an anaerobic gas jar at 37°C for 48 h. Colonies were isolated and
suspended in tryptic soy broth (TSB) (Becton Dickinson) and its turbidity was adjusted
to 0.5 McFarland Standard (1.5 x 108 CFU/ml).
2. Piper betle extract preparation

Betel (Piper betle) leaves were purchased from a local market. Extraction
process was adapted from an earlier study (Trakranrungsie et al., 2008). The leaves
were washed, dried, and grounded into powder. Ethanol extract was prepared by

mixing betel powder with 95% ethanol at a ratio of 1:3 (W/V) for 3 days with constant
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shaking. Then the mixtures were filtered and concentrated by evaporation. The semisolid
extracts were weighed, kept in refrigerator at 4°C and used for stock preparation.
3. Disk diffusion test

The standard disk diffusion test was performed as described previously
(Montevecchi et al., 2013). In short, 500 pl of microbial suspension with turbidity
equal to 0.5 McFarland Standard was spread aseptically on petri dishes containing
supplemented TSA. Cellulose disks (6 mm diameter) soaked with 35 pl of 5, 10, or
15% (W/V) of betel extract in absolute ethanol were placed on the TSA plates. These
concentrations were chosen based on our preliminary study and in order to see the
relationship between concentration and effect. Disks soaked in 0.12% chlorhexidine
(the standard concentration used for oral rinse) were used as positive control and disks
soaked with absolute ethanol were used as negative control. They were also placed
on the TSA plates. The disk diffusion test was performed in triplicate. After incubation
at 37°C for 24 h under anaerobic condition, the diameters of inhibition zones were
measured in millimeters.

4. Determination of the minimum inhibitory concentration (MIC)

The MIC of betel extract was determined using broth microdilution assay in
96-well plates as described previously (Sharma et al., 2009). Each plate included
serial two-fold dilution of Piper betle extract, positive control (chlorhexidine solution)
and negative control (absolute ethanol). Piper betle extract was serially diluted
two-fold ranging from 12.5 mg/ml to 24.4 pg/ml. Chlorhexidine was serially diluted
two-fold ranging from 600 pg/ml to 1.17 pg/ml. Bacterial suspension of 50 ul of 1.5 x
108 CFU/ml were added to each well. The plates were incubated at 37°C for 24 h under
anaerobic condition. The MIC was defined as the lowest concentration that inhibited
microbial growth which was defined as no change in optical density. All MIC assays
were performed in triplicate.

5. Determination of the minimum bactericidal concentration (MBC)

For the MBC determination, 10 ul of the suspension taken from the wells that

did not show any microbial growth in MIC assay was added onto supplemented TSA

plates. These plates were incubated at 37°C for 24 h under anaerobic condition, and
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growth of the bacteria was examined. In case of bacterial colonies were found, that
well was identified as bacteriostatic activity, and if bacterial colonies were not found,
that well was identified as bactericidal activity. The lowest concentration to cause
bactericidal effect was considered the MBC. All MBC assays were performed in
triplicate.
6. Statistical analysis

Data were presented as mean + standard deviation (mean + SD). Diameters
of the inhibition zones were compared among groups using one-way analysis of
variance (ANOVA). Tukey’s HSD test was performed as the post-hoc test. The data
were analyzed using a statistical software SPSS v.17 (Chicago, IL, USA). The chosen

level of significance for all statistical tests was p<0.05.

Results
1. Disk diffusion test

The results of antibacterial activity of Piper betle extracts determined by disk
diffusion test against P. gingivalis were shown in Table 1. Apparently, the diameter of
clear zone was concentration-dependent. The activity of 5% extract was comparable to
that of 0.12% chlorhexidine that was used as a positive control. The antibacterial activity
of 10% and 15% extracts were not significantly different from each other, although both

of them were significantly higher than that of 5% extract and 0.12% chlorhexidine.

Table 1. Inhibition zone of Piper betle extract and chlorhexidine on P.gingivalis W50

Concentrations of Substances Mean + SD of inhibition zone (mm)
5% Piper betle extract 19.00 + 1.00°
10% Piper betle extract 24.00 + 2.08°
15% Piper betle extract 26.00 + 1.00°
0.12% Chlorhexidine 21.00 + 1.15°
Negative control 6.00 £ 0.00

2* different letter superscripts indicate significant difference (p <0.05)
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2. MIC and MBC

The result of MIC and MBC of Piper betle extracts against P. gingivalis were
shown in Table 2. Piper betle extract showed very promising data in bactericidal
activity against P. gingivalis, which was reflected as its very close MIC and MBC.
The MIC of Piper betle extract for P. gingivalis was 48.8 ug/ml, and the MBC was also
48.8 ug/ml, the same concentration as MIC. Those values were much lower than the MIC

(75 pg/ml) and MBC (150 pg/ml) of chlorhexidine.

Table 2. MICs and MBCs of Piper betle extract and chlorhexidine on P. Gingivalis W50

117 26 21iufl 2 nsngAy - Fuanax 2559

Tested substances MIC (ug/ml) MBC (ug/ml)
Piper betle extract 48.8 48.8
Chlorhexidine 75 150
Discussion

Periodontal disease is a common problem in adult dogs. Following dental care
guidelines for dogs and cats offered by the American Animal Hospital Association
(Holmstrom et al., 2013), periodontal therapy is based on cleaning debris or calculus
in the pockets and using antibacterial agents locally or systemically. There are plenty
of suitable antibiotics effectively against anaerobic bacteria, for example, metronidazole,
amoxicillin/clavulanate, doxycycline, and clindamycin. However, approved oral
antiseptics or chemical plaque retardants are limited in number, such as 0.12-0.2%
chlorhexidine (Albuguerque et al., 2012).

Piper betle leaves have been used since ancient time as oral antiseptics and
other medicinal purposes. At present, it still interests researchers to try to understand
its role in oral hygiene. Recent studies have shown the effect of betel extract on various
oral pathogens (Nalina and Rahim, 2007; Fathilah et al., 2009; Salam et al., 2014).
The present results showed that Piper betle extract was able to inhibit the bacterium
at a very low concentration which was comparable to, or better than, that of
chlorhexidine, a common oral antiseptic. The similar effects were observed in both disk

diffusion assay and broth microdilution test. Based on the diameter of inhibition zones,



Vol. 26 No. 2 JULY - DECEMBER 2016

KKU
108 Veterinary Journal

we could interpret that Piper betle extract has concentration-dependent antibacterial
activity. The same MIC/MBC of Piper betle extract against P. gingivalis suggests that
the extract is bactericidal against this pathogen.

In terms of antibacterial effect against P. gingivalis, the MIC result of Piper betle
extract obtained in this study (48.8 pg/ml) is better than that of other herbal extracts
reported by others; the followings are the MIC values of various herbal extracts against
P. gingivalis; methanolic extract of Syzygium aromaticum: 625 ug/ml (Cai and Wu,
1996), methanolic extract of Hamamelis virginiana: 64-2,048 ug/ml (lauk et al., 2003),
water extract of Fructus armeniaca mumu: 300 ug/ml (Wong et al., 2010), ethanolic
extract of propolis: 128 ug/ml (Santos et al., 2002), water and ethyl acetate extract
of Camellia sinensis: 12,500 ug/ml (Araghizadeh et al., 2013), ethanolic extract of
Mammea americanum: 500 ug/ml (Herrera et al., 2014). These studies were performed
by using different techniques of herbal preparation and different sources or strains of
P. gingivalis, so we only could make rough comparison of our results with those of others.

Potential oral use of Piper betle extract comes from not only its activity against
P. gingivalis shown here but also from its activity against other oral pathogens.
For example, Piper betle extract showed antibacterial activity against a variety of
oral pathogenic bacteria such as Streptococcus mutans (Nalina and Rahim, 2007),
Enterococcus faecalis, Pseudomonas aeruginosa, Lactobacillus spp. (Salam et al.,
2014), Streptococcus sanguinis, Streptococcus mitis, and Actinomyces spp. (Fathilah
etal., 2009). Among those common oral pathogens, Streptococcus spp. and Actinomyces
spp. are known as early colonizers, and Porphyromonas spp. and Prevotella spp.
are known as secondary opportunistic anaerobic bacteria (Albuquerque et al., 2012).
In addition, Piper betle extract was shown to have fungistatic activity against 7 strains
of Candida species which are common flora in oral cavity (Nordin et al., 2014).

The mechanism of antimicrobial action of Piper betle extract has not been
yet elucidated. In general, plant-derived antimicrobial substances are less active,
however synergistic effect of various molecules makes them more effective (Hemaiswarya
et al., 2008). Piper betle leaf contains essential oil and different kinds of small

molecules as mentioned earlier, and hypothetically they could produce synergistic
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effectas well. Phytochemical analysis revealed that Piper betle extract contains various
compounds in which the major component is hydroxychavicol (Ferreres et al., 2014
and Singtongratana et al., 2013). This phenolic compound is known to have a variety
of useful pharmacological effects (Dwivedi and Tripathi, 2014). It has antibacterial
effect against P. gingivalis with the MIC value of 62.5-250 ug/ml (Sharma et al., 2009)
which is comparable to our extracts. Thus, hydroxychavicol could be a major active
ingredient that was active against P. gingivalis in our study. The probable mechanism,
however, has been demonstrated on some oral bacteria. Piper betle extract was
shown to inhibit acid production, adhering ability, glucosyltransferase activity, and cell
surface hydrophobicity of S. mutans (Nalina and Rahim, 2007). It was also shown to
have similar inhibitory activity against adherence activity and cell surface hydrophobicity
of S. sanquinis, S. mitis and Actinomyces spp. (Fathilar, 2011). These actions could
be a part of antibacterial mechanisms which could also affect other types of bacteria
including P. gingivalis.

Anti-inflammatory effect of Piper betle extract may be an additional benefit
for periodontal therapy. Oxidative damage is generally involved in most inflammatory
diseases, and Piper betle extract is well-known for its potent antioxidative activity
(Dwivedi and Tripathi, 2014). Piper betle extract can scavenge H202, superoxide
radical, hydroxyl radical, and nitric oxide (Rai et al., 2011). When tested against bone
marrow-derived mast cells and lung epithelial cells, the extract was able to decrease
histamine and GM-CSF release, and also the production of eotaxin and IL-8 production,
confirming anti-inflammatory activity of Piper betle extract (Wirotesangthong et al., 2008).
Furthermore, hydroxychavicol, a major component of the extract, was able to inhibit
several processes of inflammation, including COX1/COX2 enzyme activity, platelet calcium

signaling, platelet aggregation, and TXB2 production (Chang et al., 2007).

Conclusion
The present results provided a basic knowledge of Piper betle extract
potentially applicable for canine periodontal disease. The Piper betle extract was able

to inhibit the growth of P. gingivalis, the major pathogen for periodontal disease, at the
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concentration comparable to a common oral antiseptic, chlorhexidine. Our preparation
was highly active as comparing to other herbal extracts. Since Piper betle extract has
antibacterial activity against a variety of oral bacteria, and good anti-inflammatory
effect, we suggest that Piper betle extract should be further investigated for the purpose
of developing into pharmaceutical preparations that are suitable for oral application

in dogs.
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RESEARCH ARTICLE
Infectivity of Opisthorchis viverrini and Haplorchis taichui
in cyprinoid fish and plasom in Khon Kaen, Thailand and
a preliminary study of freezing temperature on survival of

the trematodes in cyprinoid fish

Prapan Kaenjampa', Sirikachorn Tangkawattana"’, Surasit Aunpromma’,

Peerapol Suk-on’, Prasarn Tangkawattana”

Abstract

Objectives - This study investigated prevalence of metacercaria of liver fluke
(Opisthorchis viverrini) and intestinal fluke (Haplorchis taichui) in cyprinoid fish and
plasom (soured fish or short fermented fish) made from cyprinoid fish in Khon Kaen,
Thailand; evaluated the trematodes’ survival at various temperatures.

Materials and methods - Fish and plasom samples were collected from 12 villages
located in the vicinity of Chi River, Lawa Lake, Pong River and Ubolratana Dam in Khon
Kaen Province, Thailand. Pepsin solution was used for the metacercarial isolation and
identification. Fish from the village having the highest number of metacercariae were
randomly and equally allotted, stores at room temperature, refrigerator, and -20°C
freezing cabinet with different durations.

Results - Infectivity of O. viverrini metacercariae in fish and plasom was the highestin
Lerngpeuy (GPS: 16°26’10”N102°53'19"E) (63.6%), and that of H. taichui
metacercariae was the highest in Phukhambao (GPS: 16°43'22"N 102°37'28"E)
(49.4%). Both villages were located near Pong River which water was derived from
Ubolratana Dam. A complete elimination of metacercaria was successful only in fish
kept in -20°C for at least 72 hours.
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Conclusion — the result indicated that risk of infection was high among people
consuming raw fish and plasom without prior appropriate treatments. These findings
were useful for promoting control and preventive programs against opisthorchiasis

and haplorchiasis.
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Introduction

Fishes in the family Cyprinidae are known to be the secondary intermediate
host for metacercaria of liver fluke (Opisthorchis viverrini) and intestinal fluke (Haplorchis
taichui). Both parasites are harmful to human and animal health. Infection of
O. viverrini causes hepatobiliary diseases such as cholangitis, bile duct obstruction
and cholangiocarcinoma while H. taichui causes enteritis and intestinal lesion (Sripa
et al. 2007). Infection occurs by ingesting infected raw fish or fish products, such as
plasom (soured fish). Plasom or short fermented fish, an indigenous food of Thailand,
is usually made of small scaled cyprinoid fish by admixing with salt, chopped garlic
and steamed rice, then fermenting at room temperature for 2-3 days. Since people in
the north and northeast of Thailand prefer eating raw fish and plasom, infection
prevalence of both parasites are still high in all age groups; thus having been public
health problems of the regions (Kumchoo et al., 2005; Sripa et al., 2007). Prevalence
of these two trematodes in cyprinoid fish and plasom will be beneficial for further
promoting public health awareness.

Low temperature and saltiness in the process of plasom production could not
destroy the parasites contaminated in fish. Low temperature seems to be a fatal factor of
Opisthorchis spp. in fish. Complete elimination of metacercariae was achieved
in fish stored at -20°C for 3-7 days, -28°C for 15-18 hours, -35°C for 8 hours, and -40°C
for 2 hours, consecutively (Fattakhov, 1989). Clonorchis sinensis was found alive
in Pseudorasbora parva fish stored at -12°C for 10-20 days, and -20°C for 3-7 days (Fan,
1998). The metacercariae belonging to family Haplorchidae could stay alive in Tilapia zillii
fish stored at 5°C for 11 days, -5°C for 24 hours, and -10°C for 16 hours, consecutively
(Abdallah et al., 2009). In addition, living metacercariae of H. taichui were found in fish
stored in refrigerator and plasom stored in room temperature for more than two weeks
(Wongsawad et al., 2009). This information was re-defined to design a simple practice at
the household level. Upon comparing with the delicate and expensive laboratory equipment,
commercial refrigerator (4°C) and -20°C freezing (ice-cream) cabinet were readily available
as home appliances with affordable prices. Thus, this study used these commercial home

appliances to provide 4°C and -20°C treatment against metecarcariae in cyprinoid fish.
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Even saltiness can kill many parasites, the existence of metacercariae of many
trematodes in the uncooked plasom would indicate that salinity levels in such plasoms
are probably too low for this purpose. Living metacercariae of O. viverrini were found
in fish fermented with salt (5% by weight) for 69 hours or shorter (Prasongwatana et
al., 2013). Clonochis sinensis was also found in Pseudorasbora parva fish fermented
with salt (3% by weight) for 5-7 days (Fan, 1998). Living H. taichui metacercariae were
detected in plasom fermented with salt (15 ppt) for 14 days at room temperature
(Wongsawad et al., 2009). Thus, this study was to investigate the prevalence of liver
fluke (O. viverrini) and intestinal fluke (H. taichui) in cyprinoid fish and plasom made
from cyprinoid fish in Khon Kaen, Thailand and also the effect of low temperature and
time to the existence of living metacercariae of both trematodes in plasom made from

cyprinoid fish by local producers.

Materials and Methods

This study was divided into 2 parts. The first part was to investigate the
prevalence of O. viverrini and H. taichui in cyprinoid fish and plasom by collecting
samples from the villages located in the vicinity of Chi River. The other was to
investigate the appropriate low temperature and time to treat the fish.
1.Sample collection

This study was conducted in 12 villages in Khon Kaen, Thailand, during May
2012 to March 2014. Cyprinoid fish were bought from local fishermen in villages Donkok
Moo 8, Lawa Moo 5, Lerngpeuy Moo 9, Nonghanjang Moo 8, Nongnangkwan Moo 9,
Pao Moo 3, Phukambao Moo 7, and Toan Moo 1. Plasom (2 days fermented) made
from cyprinoid fish were bought from local producers in villages Chikokkau Moo 13,
Lawa Moo 5, Lerngpeuy Moo 9, Nonghuachang Moo 8, Nongnangkwan Moo 9, Non-
lamom Moo 4, Padang Moo 7, Pao Moo 3, and Phukambao Moo 7. These villages were
located in the vicinity of rivers or natural reservoirs--Phukambao (at the lower right edge
of Ubolratana Dam), Lerngpeuy and Nonghanjang along the Pong River; and the oth-
ers surrounding Lawa Lake and Chi River. Map and GPS positions of these villages

were shown in Figure 1. Types of fish were identified from their physical appearances
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(Nachaiperm et al., 2005). Investigation of metacercariae of Opisthorchis viverrini
and Haplorchis taichui was performed at the Department of Veterinary Pathobiology,

Faculty of Veterinary Medicine, Khon Kaen University, Khon Kaen, Thailand.

Figure 1. Map of Khon Kaen showing villages located in the vicinity of Chi River (CR),
Pong River (PR), Lawa Lake (LL), or Ubolratana Dam (U), where samples were
collected. Locations and GPS information of these villages were as follows--1:
Chikokkau, Moo 13, Tambon Muangpia, Amphur Banphai (16°09'43”N 102°39'44"E); 2:
Donkok, Moo 8, Tambon Banpheu, Amphur Nongreau (16°35'31”N 102°33'54"E); 3: Lawa,
Moo 5, Tambon Muangpia, Amphur Banphai (16°07°50”N 102°39'00"E); 4: Lerngpeuy,
Moo 9, Tambon Phralab, Amphur Muang (16°26'10”N 102°53’19"E); 5: Nonghanjang,
Moo 8, Tambon Nampong, Amphur Nampong (16°46’13”"N 102°47°10”E); 6:
Nonghuachang, Moo 8, Tambon Koksamran, Amphur Banhaad (16°08'40”N 102°42'31"E);
7: Nongnangkwan, Moo 9, Tambon Baanlaan, Amphur Baanphai (16°05'56”"N 102°41°00"E);
8: Nonlamom, Moo 4, Tambon Banphai, Amphur Banphai (16°07°18”N 102°41’57"E); 9:
Padang, Moo 7, Tambon Koksamran, Amphur Banhaad (16°07'45”"N 102°42’03"E); 10:
Pao, Moo 3, Tambon Banphai, Amphur Banphai (16°06’40”"N 102°41’35"E); 11:
Phukambao, Moo 7, Tambon Keaunubonrat, Amphur Ubonratana (16°43'22"N
102°37’28”E); 12: Toan, Moo 1, Amphur Phrayeun (16°16'34”N 102°44'24"E).
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2.Isolation and identification of metacercariae in fish and plasom

To isolate the metacercaria, the fish and plasom samples were minced and
digested with pepsin solution (0.25% w/v pepsin A, 0.85% w/v NaCl and 1.5% v/ HCI)
at a ratio of 1 kg fish: 3 liters of pepsin solution (Scholz et al., 1991). Number and
microscopic morphology of the existing metacercariae were identified by a stereoscope
or compound microscope. In general, the intact metacercaria of O. viverrini has oval
shape with double gelatinous coats and 200x167 pm in size. The movable C-shaped
larva has prominent oral and ventral sucker with brownish pigments scattering the
whole body. Black excretory bladder is located at its posterior compartment.
Metacercaria of H. taichui has round or oval shape with gelatinous coat and 188-
220x155-185 pm in size. The C-shaped larva contains a set of clearly detectable oral
and ventral sucker. Its dark round excretory bladder and 11-18 baseball glove-shaped
ventro-genital sacs apparently observable atits posterior part are the specific structures

for the identification of this parasite (Sohn et al., 2009) (Figure 2).

Figure 2. Intact metacercaria of O. viverrini (A) and H taichui (B). arrow: ventrogenital

sac, EB: excretory bladder, OS: oral sucker, VS: ventral sucker

7 26 a1iid 2 nsngiAn - Sunan 2559



Vol. 26 No. 2 JULY - DECEMBER 2016

KKU
122 Veterinary Journal

3.Temperature treatments of fish

Fish with the highest number of metacercariae per kg fish (from village
Phukambao) were chosen for this purpose. Fish were randomly and equally allotted
into 2 sets of 4 bags (0.5 kg each) for the investigation of O. viverrini (set 1) and H.
taichui metacercaria (set 2). Fish of set 1 were assigned to stored differently ; bag 1:
at room temperature for 1 day; bag 2: -20°C in a commercial (ice-cream) freezing
cabinet (Sanyo chest freezer, SF-C697, Sanyo (Thailand), Co., Ltd.) for 1 day; bag 3:
at -20°C for 2 days; and bag 4: at -20°C for 3 days. Fish of set 2 were assigned
similarly to that of set 1, except bag 1 was kept at 4°C (in refrigerator) for 1 day.
Temperature inside the -20°C freezer was monitored with a digital thermometer twice
daily at 08.30 AM and 04.30 PM during the whole experiment. The average temperature
of the freezer was -20.6°C in the morning and -20.7°C in the afternoon.
4 Statistical analysis

Descriptive analysis was used to evaluate metacercariae of both flukes in fish
and plasom. One-way ANOVA was used to test the temperature treatment. All

statistical significance were determined at p<0.05.

Results
1.Types of cyprinoid fish

Upon comparing with those published by Nachaiperm et al. (2005), cyprinoid
fish caught from the natural reservoirs (Lawa Lake, Ubolratana Dam, Pong River, Kang
Sua Ten and Chi River) in our research sites were identified into 6 different types as

showed in Figure 3.
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Figure 3. Cyprinoid fish caught from the natural reservoirs includes A: beardless barb
(Anematichthys apogon), B: Siamese mud carp (Henicorhynchus siamensis), C: Smith’s
barb (Puntioplites proctozysron), D: eye-spotted barb (Hampala dispar), E: silver barb

(Barbonymus gonionotus), and F: Saitontakhoaw (Anematichthys repasson).
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2. Prevalence of O. viverrini and H. taichui in cyprinoid fish and plasom

Because all villages did not catch the fish and produce plasom together,
the village site of each group could be different. Single infection with O. viverrini was
found only in fish from Lerngpeuy, Nonghanjang, and Nongnangkwan. However,
single infection with H. taichui was not defected. Co-infection was found only in
fish from Phukambao and Toan. In addition, no infection was seen in fish from Donkok,
Lawa, and Pao. The number of O. veverrini metacercariae per kg fish was the most
in fish from Lerngpeuy (63.6%) and that of H. taichui was from Phukhambao (49.4%)
(Table 1).

Table 1. Number of positive fish and metacercaria of O. viverriniand H. taichui per kg
fish in fish from each village. Notable, highest positive O. vierrini and H. taichui fish

per kg are from Lerngpeuy and Phukambao respectively. (Note: met: metacercaria)

Weight. O. viverrini H. taichui
Villages of fish
(kg) Positive (%) No. of met/kg fish Positive (%) No. of met/kg fish

Donkok 6

Lawa 10

Lerngpeuy 26 21 (80.7) 63.6

Nonghanjang 9 2(22.2) 0.84

Nongnangkwan 6 2(33.3) 10

Pao 6

Phukambao 16 4 (25) 5.2 14 (87.5) 49.4

Toan 16 9 (56.3) 3.6 10 (62.5) 3.61
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Table 2. Number of positive plasom and metacercaria of O. viverrini and H. taichui
per kg in plasom from each village. Positive plasom sample is from Lerngpeuy.

(Note: Met = metacercaria)

117 26 21iufl 2 nsngAy - Fuanax 2559

No. of plasom O. viverrini No. of H. taichui
Villages package
(5 balls/package) Positive (%)  No. of Met/kg Positive (%)  No. of Met/kg

Chikokkau 3

Lawa 20

Lerngpeuy 15 3(20) 1.7

Nonghuachang 5

Nongnangkwan 10

Nonlamom 5

Padang 2

Pao 10

Phukambao 20 5 (25) 3.6 17 (85) 55.9

In general, infection of both trematodes in most plasom samples was negative.
O. viverrini infection was observed only in plasom from Lerngpeuy and Phukambao.
Single infection of H. taichui was not found. Co-infection was demonstrated in samples

from Phukambao with a high number of H. taichui metacercariae (Table 2).

3. Effects of temperatures on metacerariae of O. viverrini and H. taichui in cyprinoid fish

It was apparent that average number of the existing metacerariae of both
parasites sharply decreased upon the lowered storing temperatures and extended
storing durations. Comparing to the sample keep at room temperature group (RT)
(464), the number of O. viverrini metacercariae was markedly shown in the lower
number at 92 in fish stored at -20 °C for 1 day and O if stored for 2 days or longer. A
similar pattern was observed for metacercaria of H. taichui, of which the average
number in the RT group (189.6), in fish stored at 4°C for 2 days to 95.6, 6.3 and 0 in
fish stored at -20°C for 1, 2 and 3 days, respectively (Table 3).



Vol. 26 No. 2 JULY - DECEMBER 2016

KKU
126 Veterinary Journal

Table 3 Effect of temperatures on O. viverriniand H. taichui metacercariae in cyprinoid

fish. Freezing temperature (-20 °C) at least for 3 days would kill metacercariae of both

species.
Average number of Room 4°C -20°C
metacercariae in fish/kg. temperature
1 day 2 days 3 days
O. viverrini 464 ND 92 0 0
H. taichui ND 189.6 95.6 6.3 0
Discussion

Our research sites are the endemic area of O. viverrini with high incidence in
both human and animals (Aunpromma et al., 2011; Sripa et al., 2007). All villages are
located nearby the natural reservoirs or rivers where cyprinoid fish are caught to make
plasom and other preserved food products. Our results clearly showed that there were
only 6 types of fish caught and brought into our investigation. The types of fish in our
samples were much less than those in the survey in Chi River (Nachaiperm et al., 2005)
where 42 different types of cyprinoid fish were identified. In general, quantities and
types of fish in the natural reservoir should be less than those in the river with more
fertile environment.

Low or no incidence of trematodiasis was found in fish and plasom from
villages in the vicinity of Chi River and Lawa Lake (Chikokkau, Donkok, Lawa,
Nonghuachang, Nongnangkwan, Nonlamom, Padang, Pao and Toan). This would be
because these villages have been the research sites of Lawa Model running by
the Liver fluke and Cholangiocarcinoma Research Center of Khon Kaen University.
The Model has used a transdisciplinary approach to overcome the liver fluke infection
among the people and animal reservoirs in these villages. Thus, the continuing research,
campaigning on stop eating raw fish, giving knowledge, and medicating the infected
both human and animal patients for many years would be the reasons underlying this
finding. These activities against liver fluke infection should concurrently affect the
intestinal fluke infection. However, Lerngpeuy, one of villages outside the research site

still have positive plasom sample for O.viverrini. This suggests the need of effective



o 219815
RAaunnemans a.

127

control programs. Regarding H. taichui, the current study was quite similar to the
previous investigation demonstrating that none was found in cyprinoid fish in
Chi River of Yasothon Province. (Kaopiew et al., 2010). Season variations may be the
explanation of this absence (Sithithaworn et al., 1997). In contrast, high incidence of
the liver fluke and intestinal fluke was found in fish and plasom from Lerngpeuy and
Phukambao. It is interesting that both villages were located nearby the river derived
from Ubolratana Dam. A previous survey on prevalence of O. viverriniin dogs and cats
in six districts surrounding Ubolratana Dam indicated that this area was the endemic
area of human opisthorchiasis (Aunpromma et al., 2016). Regarding the intestinal fluke,
even if there is no prior epidemiological study on H. taichui infection in both human
and animals of these two villages, the existence of metacercariae in fish and plasom
from these villages could confirm the risk of infection among their population. These
two trematodes were definitely spread by the intermediate hosts flushed down-stream
from Ubolratana Dam to Pong River, and finally to the natural reservoirs of these two
villages. Therefore, the results from this study have raised public awareness on
refraining from eating raw fish and plasom.

The existence of movable metacercariae in fish and plasom indicates the risk
of human infection. It was apparent that samples kept in room temperature or
refrigerator could not effectively eliminate the infective metacercaria. Our results proved
that freezing temperature could retard and finally eliminate all metacercariae within a
short time. Retardation or degeneration of metacercariae may be the sequels of
freezing injury. The cellular injury may occur during the formation of intracellular and
extracellularice crystals through transportation blockade, and directly press or scratch
the cell membrane (Han and Bischof, 2004; Takamatsu and Zowlodzka, 2006).
The intracellular ice crystals also block the relocation of cytoplasmic components
and biochemical mechanisms. In addition, thickening of the solution shall interrupt
the cellular fluid effluxion and cause cell dehydration, leading to the disequilibrium
of osmotic pressure. The metacercariae could not survive if these vital cellular activities
were blocked. Even though some metacercariae were still found in the samples with

early treatment at -20°C, all metacercariae were eliminated by longer storage time.
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Particularly, metacercaria with thickening gel coat may have higher osmotic tolerance
and resistance against the direct physical injury by the ice crystals. Our results showed
that metacercariae of H. taichui could resist the injury in a longer fashion than that
of O. viverrini. In this regards, H. taichui would have thicker gel coat than that of
O. viverrini. Similar results were obtained in metacercariae of Clonorchis sinensis stored
at-12°C and -20°C. Its thickening gel coat could preserve its infectivity in the laboratory
animals (Fan, 1998). The encysted metacercariae of parasites in the family
Diplostomatidae, Haplorchidae and Prohemistomatidae still exist in T. zillii fish stored
at 5 °C for 11-14 days, and at -10°C for 16, 32 and 40 hours, respectively (Abdallah
et al., 2009).

Plasom made by village households is usually fermented for only 2 days since
it will be too sour or off-flavor by a higher amount of lactic acid. Our preliminary survey
showed that salinity levels in these samples range between 15 to 30 ppt. High numbers
of metacercariae found in our plasom samples could indicate a high risk of infection
among people eating raw or undercooked plasom with this salinity ranges. Similar to
the study by Wongsawad et al. (2009), uncooked plasom with salinity of 14 ppt kept
for 14 days at room temperature or 21 days in refrigerator still contained live
metacercariae. The increased salinity increases osmolarity or osmotic pressure which
then directly affects the viability of the metacercariae (Oshima, 1957 cited by
Yokogawa, 1965). In salinity lower than 30 ppt, the metacercaria still exists because
its gel coat and cell membrane bears a natural tolerance to certain osmotic pressure.
Establishment of hypertonicity overload by adding more salt to increase osmotic
pressure would directly affect the effluxion of intracellular fluid. Such disequilibrium
shall destine the metacercariae to stop moving and finally degenerate. Therefore,
elimination of metacercariae in two-day fermented plasom would definitely require
salinity level higher than 30 ppt. However, this study still has some limitations
such as the number of samples because of the result of intensive campaign on
liver fluke control. In addition, there are only few villages still producing plasom

and also the different of production scales.
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Conclusion

Prevalence of O. viverriniand H. Taichui in fish and plasom were contained in
villages Lerngpeuy and Phukambao. Storing fish and plasom at -20°C for at least 72
hours would eliminate the metacercariae of these flukes. Salinity in plasom made by
local producers is too low to kill all metacercariae within two days. Thus, treating fish

by freezing temperature prior to making plasom is strongly suggested.
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RESEARCH ARTICLE
Bacterial contamination in fermented pork sausage
(Nham-mooh) sold at local markets in the upper

northeastern Thailand

Nawarat Rattanadilok na Phuket', Noi Tongsakulpanis', Kochakorn Direksin®

Abstract

Objective - The study targeted to identify Staphylococcus aureus, Streptococcus suis,
Salmonella spp., and Escherichia coli in fermented pork sausages (Nham-mooh).
The products were homemade and sold at small retail markets in upper northeastern
Thailand.

Materials and methods - A total of 55 samples were randomly collected from local
eating places and fresh markets in 7 provinces in the upper-northeastern Thailand
during years 2012-2013. The sampling areas were Khon Kaen, Kalasin, Roi-ed,
Mahasarakam, Mukdahan, Sakolnakon, and Nakhonpanom provinces. Baterial culture
was performed at the Regional Medical Sciences Center 7" , Bureau of Laboratory
Quality Standards, accreditation number 4023/49 I1SO 17025.

Results - S. suis was not detected in any of each 10 grams of the Nham-mooh sam-
ples. S. aureus and E. coli were isolated from every sample. There were S. aureus
ranged from less than 0.7 to greater than 27, and E. coliranged from less than 3 to great-
erthan 1,100 per one gram of Nham-mooh.From a total of 55 Nham-mooh samples, 36
isolates of Salmonella spp. were detected from 32 samples. Some Nham-mooh samples
had more than one isolate of Salmonella spp. Serotyping results showed 17 diffrent serovars
of Salmonella spp. From the mostto least order of prevalence were Salmonella Rissen (6
isolates), Salmonella Anatum (6 isolates), Salmonella Kedougouu (4 isolates), Salmonella
Weltevreden (3 isolates), Salmonella Typhimurium (3 isolates), Salmonella Kentucky

(2 isolates), Salmonella Give (2 isolates), Salmonella Lexington (1 isolate), Sa/monella
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Schuarzengurd (1 isolate), Salmonella Wandsworth (1 isolate), Salmonella Goma
(1 isolate), Salmonella Hadar (1 isolate), Salmonella Stanley (1 isolate), Salmonella
Havana (1 isolate), Salmonella Corvallis (1 isolate), Salmonella Brunei (1 isolate), and
Salmonella Bredeng (1 isolate).

Conclusion - Nham-mooh possess no risk for S. suis. However, there were some of
S. aureus and abundant of Salmonella spp. and E. coli in Nham-mooh. According
to the Microbiological quality guidelines for foods and contact articles, Department
of Medical science, Ministry of Public health, Thailand (2010), E. coli must be less
than 3 per gram and Salmonella spp. must not be presentin 25 grams of a food sample.
In this study, Nham-mooh contamination with S. aureus was acceptable, but E. coli
(87.3%) and Salmonella spp. (58.2%) were not passed the food safety standard. Result
of this study strongly suggests the urgent implementation of good practice standards
for homemade Nham-mooh production. Bacteria in the Nham-mooh samples may
be from the pork contaminated with internal organs or fecal content during poor
slaughthering, cross-contamination during preparation, and/or delayed fermentating

process.
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AIUTRBULNY AUATEENH 175N wazdunalasty (Bureau of epidemiology, 2016)
(Anonymous, 2016) Tuniniatisinfiasdulsemuuunny uazlneialillinonuiandn
ANTBNNABBAZALAUNNIMNNE NN TasusTTe AN TenalsAld (Holck et al., 2011)
o n’/j d’j dgl al a 1 d’ld v o
ety nnsngaagaunsluilanaeadanuaiFamani avdudeyaluniadszdslsn
aILTuR e LasRARINANINTEIBNMNT TINHHAT IFazdenasianisdinensanninin
wazunaa lannasatiagnaiva lildununnynilasasitsegiising

J8n aUnsol uazisms
1.M9AUAIDENIUUUNAL

AUAIDE19AINAAIARA TUAINIA 1aURAW NIAAUT F08LEA NUIA1TANN
HNANYNT ANAUAT WATWUN TENINLAAE NNIVAN WA, 2555 DALAaL FLeNeu W.A. 2556
fail denTeuwmumuuisielunesindnuuuasaden Inausazfaetiananinan
FisnatusansauTavsn 55 fetng utifulunaeswaAuALEulszann 5-8 a5An
wdLdes (CC) ﬁﬂﬂ@”umv‘hmimmfﬁme:ﬁﬁﬁmﬁﬁiﬁmaquﬂ?wmmmm%mmwwﬁi 7
gauuriy nely 24 9aTug
2.n’15m"3m"ﬁ’y’ﬂ Streptococcus suis ﬁ';ﬁl'“)%'LW']:LﬁymL"ﬁ’yﬂ (culture method)

wtuiatalnafafethaduiuing faunssinnlaanide deiratne 10 nfu
WRILAN 0.85% (w/v) NaCl 13u1m3 10 HaRaams Al TugeATaq homogenizer
Wi 1 w7 Tulndnatne 100 1alnsans nasde (spread) AU AT AR
Lm:ﬁﬁmﬁﬁ%qu: (NNCC Agar) @stlsznausiae Todd-Hewitt broth (BD, Sparks, MD,
USA) 30 nfw, Bacto-agar (BD) 15 N3, 5% (v/v) Defibrinated sheep blood (Oxoid,
Hampshire, UK), Sodium azide (Sigma, St. Louis, MO, USA) 50 {aaniu, Nalidixic
acid (Sigma) 25 daaniu, Colistin (Sigma) 12.5 dadniu waz Crystal violet (Sigma)
2 findndu lutingu 1000 Hadans (Kataoka et al., 2000) ﬂmiuﬁLWWtLa”ﬂﬂi%ﬂﬂﬂ%L@u
7 37°C w1 24 dalus 1Banlalafifid alpha-hemolysis LUeM3IAgNEe NNCC
agar a1uanliiiu 10 Talall WAL uIuLdazTAla T (sub-culture) T
@WM’}?LayEI\‘]L%”ﬂLaﬂﬂLLﬂ:ﬁiﬂidﬂﬂﬂﬁ%ﬁ%% (Sheep Blood Agar) AU A e
lugtaT5eendiau 7 37°C wim 24 dalus tdidedlinaaeudaniidedulnainiz
a1y Todd-Hewitt Broth Lae 6.5% (w/v) NaCl Peptone L 37°C W 24 dalue
Lﬁ@ﬂlﬁyﬂmﬁm@uﬁﬂ 6.5% NaCl Peptone WaZ Voges-Proskauer test unfland
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unsunaznagauenlmd catalase uazianlms oxidase thide T liinationdunsuiiu Gram
posmve cocci waznanadaueulmd catalase way oxidase Wuau A m@umwmmmﬂ
@9 S. suis (Prleto et al., 1994) waziinlinmatusudusiellSaeAa Polymerase chain
react|on (PCR) L‘W@EILLELL Species LL@”mmm@mqﬂummnmmﬁ PCR 118
mmmmum& API 20 Strep (b|ol\/|er|eu>< SA, Marcy I'Etoile, France) Imﬂmumw
24 me S]‘N Lﬁm Streptococcus suis aglfinauansanismagad Esculin, QO-galactosidase,
B-glucoronidase, Leucine aminopeptidase, Arginine dihydrolase, Lactose, Trehalose,
Inulin, Starch Wag Glycogen Az lNaaLARNIINAADL Voges-Proskauer, Hippurate
hydrolysis, Ribose, Arabinose, Mannitol ua% Sorbitol al¥iua luuiuausanisnagey
B-galactosidase Raffinose
3. manzidauarasaatiudiuauda S. avreus

Faa0tn9em19 50 NFw ldqe stomacher WANa19a2a78 Buffer Petone 450
Jaaams (dilution 1:10) v lFuAliLAIeY stomacher RINTIARA"9LLIL ten fold serial
dilution W l&syAuAnnuideansidiesnis Tilaansazansaeting 3 sedunuEaand
(dilution 107,102,10®) @<l TSB +10% NaCl+ 1% Sodium pyruvate 5109 10 Naaam3
‘i‘yﬁ‘]_lﬂ'J’]NL“’iﬂ@’N@v 3 viaenT| az 1 Nanang miﬂuwamuﬂu 35-37 "C 111 48 + 2
Falue anniiy streak weni@aly BP medium miﬂumfamum 35-37°C uu 45-48
alus Aenlalafifiasdeide S. aureus lilnsafiugumisdaadl Tsuaumaendliiug
LANANNNNIAIIAELEY UAZETLANANNANIIS MPN J09iniinunaide S. aureus / Niu
Haandn 100 Talall
4 MWz auarnsaaiusuIwda Escherichia coli

Fasfantine 50 niw 1404 stomacher AN&198¥aNe buffer petone 450 NaRARAT

(dilution 1:10) inlFualuetes stomacher ¥n13iAaAN9saRANY ten fold serial
dilution (@17azanIAnaE1e 10 Naaams : diluent 90 Haaam3) Lilpansazanafnngng
3 22AUAINLABAN4 (dilution 107,102,10°) a9l LST broth $AUAINNIAAANNAY
3 vaee oz 1 IadanT dufigoavnll 35°C wiu 24 fa 48 dalue dneide 1 guann
waam LST broth g wazfinfnalunaes Durham 1 EC broth 10 fadans vyl
ﬁu’Lu@jNﬁ”ﬁmuQuqmmiﬁ 45.5 +/- 0.2°C w1u 24 fia 48 Fals aenfiguuaziin
Anrlunana Durham HunueNi@eliuausiaeas EMB agar Lswzided 35°C
W 18-24 dalus @enlalaiiiasdeinnismagandawnd W IMVIC nsAnuany
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fin MPN E. coli #nlaenfudnuaumaen EC Alfinadaadl IMvic flu + +, - -
INOUsinNYWe MPN E. coli/ nFu tiaandn 3
5.ﬂ’15‘LW’1$L§ﬂ Salmonella spp.

Faneing 25 i ldlunniiaenide Hue vnsiatade Buffer Peptone Water
(BPW) 225 1adams el uiemeat Sl Nz EeT 37+ 17U 18+2 Falu
dne@eann BPW 0.1 Tadans 181w 10 faaanszes Rappaport-Vassilladis medium
with soya (RVS broth) Waz 10 HaaanIuas Muller-Kauffmann Tetrathionate-Novobiocin
broth (MKTTn broth) Au&nsis 111 RVS broth TUtisinzit 41.5+1°C wiu 24+3 dalus
wazti MKTTn broth 1l 37+1°C 1w 24+3 dalue uéarinsnuenidelu Selective
agar 2 11lA A8 Xylose Lysine Desoxycholate (XLD) waz Hektoen Enteric (HE) ‘Liu‘?]l
37+1°C wn 24+3 Falu idenialaidzunuaivie liflansinanslalatianneimns XLD
siseidenialaiiaziludtinfudes viedun@u Biteliflaanandlalailanetms HE
NININAGRLALITTIAN Tmﬂlﬁjﬂﬁyﬂm nutrient agar slant AL stab adlu Triple Sugar
ion (TSI) agar, Urea agar Waz Motility Indole Lysine medium (MIL) wdaninlihia@ 37+7°C
WU 2443 Flig inquait s axdedling e Saimonelia spp.Fia 25 N5

5.1 nstiugiuida Saimonella spp. Inea6d5uanan (Serological confirmation)

videTimaaaLLnmin agglutination ‘Emﬂi"ﬁqﬂﬁ'ﬂﬁbﬂmuﬁu Salmonella

polyvalent O antisera (OMA, OMB, OMC, OMD, OME, OMF iay OMG) allal
Uf)isen agglutination inauaniiy antiserum Tinageausianae monovalent antiserum
O-antiserum @W1EN|H (antisera A, B, C, D, E, F uaz G...I) L%yﬂiﬂiaﬁmﬁﬂf]ﬁ?mm
19N monovalent antiserum O-antiserum HnlUnagaun 1IANAZNaUiL H- antiserum

agglutination iU H-antiserum phase | Way H-antiserum phase || Lﬁﬂﬁ‘z‘q%‘ﬁm’]‘?

HANITNAADY

HANNTATIAUNUNIY 55 DL Fauanslumaed 1 (Table 1) Tiwnide S. suis
Tuunnn 10 nFu/Faasing welunn firetnefinsaanuide S. aureus Tuwwia 1 nFu/fetng
LL@tﬁlﬁiNﬂm%ﬂ\‘]ﬁ”ﬂﬂﬂluﬁN #88n91 0.7 14 N1NN31 27.1 (Data not shown) AN1FENA
NINANLIANANTNNTUNNED f'émmmw‘f@mmwmn@%ﬁwmsummummzmw:ﬁuI:Tm
a1vns atfLfl 2 WA, 2553 e S. aureus axfiasianuautienndn 100 Talat uaziiedn
dNEUTAnIN T 1938 S. suis uaz S. aureus
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nan1sATIalte E. coli lufhetnaumun 1 ndwshetne wudelunnaaetig
LaZRSuIuRLA Tiaendn 3 auie 1anndn 1,100 (Table 1) AMNUsEAIANINANENANGRS
] ?'5@@mmeﬁqmmwmqa@%fﬁwmm@\m’]mm@:ﬂ’muzzﬁ”mﬁ@@ﬂmi atlud 2
W.A.2553 (e E. coli azfieetipanin 3 lusretnaums 1 i uadqUilfnetneunad
VLchhummeﬁ@mmwmmgmmmiLﬁ@amﬂﬂuLﬂy@uﬁ”@ E. coli Anilubaaay 87.3 lng
LANUAIANNSINS A AARN9197 2 (Table 2)

Tuseeng 25 NFN MNNIRggIUARININeMT Avbiesliny Salmonella spp.
HANT9AIIAINALIN 32 faeene (Table 2) wnundAnIWliE1BNMIINIRTgIY
ansAnliBenas 58.2 LANUAIHANNIAIIA Salmonella spp. ANAIBEaLMUNTLTL
TLUARLAIIARIAN919T 2 (Table 2) ANanTouENide Salmonelia spp. Evanun 36
Telnian Lashetanuinnndmileloan wazAWUNANEWUE 1S 17 H19915 (Serovar)
(Table 3) wumnﬁ@mﬁ@ Salmonella Rissen waz Salmonella Anatum aiinaz 6 lalaiam
udnuausianan 36 lalmian Anludadan 16.7% sadasunAe Salmonella Kedougouu
WU 4/36 AnLdusesaz 11.1 ﬁﬁﬁuﬁm’mﬁﬂ Salmonella Weltevreden WAL Salmonella
Typhimurium WLWINFWAe 3/36 Anlubatas 8.3 AduRARe Salmonelia Kentucky,
LAz Salmonella Give wuwiniuAe 2/36 Aaifliubesay 5.6 sFUR%INAD Salmonelia
Lexington, Salmonella Schuarzengurd, Salmonella Wandsworth, Salmonella Goma,
Salmonella Hadar, Salmonella Stanley, Salmonella Havana, Salmonella Corvallis,

Salmonella Brunei, Salmonella Bredeng Wuag198% 1 laltam
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Table 1. Presence of bacteria in fermented pork suasage (Nham-mooh), in alphabetical

order of provinces

District

E. coli per gram

Serotype of Salmonella spp.

7 26 a1iid 2 nsngiAn - Sunan 2559

Province
(No. of samples)  (No. of positive samples>1) (No. of positive samples)
Kalasin -Mueang (3) 9.2,20, >1100 Rissen (1)
-Yangtalad (3) 9.2,28,75 Kedougouu (1), Brunei (1)
-Sahutsakhan (1) 460 Lexington (1)
Khon Kaen -Mueang (6) < 3,3.6,7.3,240,290,1100 Anatum (2), Corvallis (1), Kedougouu (1)
-Banpai (1) 21 Not detected
-Kanuon (1) >1100 Typhimurium & Bredeng (1)
Nakhonpanom -Mueang (9) < 3,3.6(2), 39, 43, 210, Wandsworth (1), Lexington (1),
1100, >1100(2) Weltevreden (1) Lexington (1), Rissen (2)
-Thadpanom (1) >1100 Anatum & Goma (1)
Mahasarakam  -Mueang (5) < 3(2) ,24,28, 43,44, 240 Anatum(1), Kentucky&Typhimurium (1)
,1100, >1100
-Kosumpisai (1) 29 Not detected
-Kantarawichai (1) 24 Weltevreden (1)
-Payakapumpisai (4) 3.6, 120, 460, 1110, >1100 Rissen(1), Kentucky(1), Weltevreden(1),
Anatum(1)
Mukdahan -Mueang (8) < 3(4), 43, 44, 120, 150 Rissen (1), Kedougouu (2), Hader (1)
Roi-Ed -Mueang (5) <3,3,9.1,35(2), 150 Give (1), Anatum (1), Stanley (1), Havana (1)
-Junghan (1) 150 Rissen (1)
Sakolnakon -Mueang (3) 290(2), >1100 Typhimurium (1), Schuarzengurd (1)

-Phupan (1)

290

Give (1)
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Table 2. Proportion of Most probable number (MPN) of E. coli and Salmonella spp.
that did not pass the Standard Microbiological Limits for Food on the detection of E.
coli per gram of sample and Salmonella spp. in 25 grams/sample of fermented pork

sausage (Nham) by province

Province N.O.' E. coli MPN No. ..?almonel/a SPP- No. Tested sample
Positive sample (%)* Positive sample (%)*
Kalasin 7 (100) 4 (57.1) 7
Khon Kaen 7 (100) 5(62.5) 8
Nakonpanom 9(90.0) 5(50.0) 10
Mahasarakam 12 (100) 7 (58.3) 12
Mukdahan 4 (50.0) 4 (50.0) 8
Roi-Ed 5(83.3) 5(83.3) 6
Sakolnakon 4 (100) 2 (50.0) 4
Total 48 (87.3) 32(58.2) 55

* According to the Microbiological quality guidelines for foods and food contact articles,
second edition, Department of Medical science, Ministry of Public health, Thailand
(2010), E. coli MPN must be less than 3 per gram and Salmonella spp. must not be

present in 25 grams of a food sample.
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Table 3. Detection of 36 isolates of Salmonellae and total of 17 serovars were indentified

in Nham-mooh

Order Serovar ldentification Total No. of Isolates Percent of total Isolates (%)
1 Salmonella Rissen 6 16.7
2 Salmonella Anatum 6 16.7
3 Salmonella Kedougouu 4 111
4 Salmonella Weltevreden 3 8.3
5 Salmonella Typhimurium 3 8.3
6 Salmonella Kentucky 2 5.6
7 Salmonella Give 2 5.6
8 Salmonella Lexington 1 2.8
9 Salmonella Schuarzengurd 1 2.8
10 Salmonella Wandsworth 1 2.8
" Salmonella Goma 1 2.8
12 Salmonella Hadar 1 2.8
13 Salmonella Stanley 1 2.8
14 Salmonella Havana 1 2.8
15 Salmonella Corvallis 1 2.8
16 Salmonella Brunei 1 2.8
17 Salmonella Bredeng 1 2.8
Total Salmonella spp. 36 100
agiluaziansains

Lmuw@mammuﬁm Thitnuenemsiauneaiunng uazisaamdy
finalarespuiinddu (Valyasevi and Rolle, 2002) nsvsniiudufunnsauene sl
1A ldune M IAALRARS T iU (Lee, 1997) nniAsinae U LN a N 8l Tae
amBunauinluile uasnadiuli s Baue S (potassium sorbate) 1AM (nitrate)
viselulnsd (nitrite) avdaudussuuAfiBounsuatuazidas (Wang et al., 2017) N9
mmu%]ngnu?mfﬁm@lummumwﬁﬂ Fn S uuafiGeRasananuaninausssugni
(Chokesajjawatee et al., 2009; Valyasevi and Rolle, 2002)
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LmﬂﬁGm%’é’mmmLL@ﬂﬁﬂmmamﬂ-ﬁmLﬁuimiéﬁmu@mwﬁﬁm'ﬁmmmam
ﬂ‘iﬂ‘ﬂum‘ﬂ[ﬂ’]\‘]‘] Tneannzatinadauunmeslad (Bacteriocin) mmmmumwﬂmaﬂ
LmimmﬂmummmimLmuimm@amﬁ@i (Wang et al., 2017) muu ma‘mmum@
fusuuniizanelsaluanmnsssmusus m@iaﬂ?faﬂ@wu@qﬂummLmumiﬂ i
LL@ZLE‘N’]EM“]J@QLL‘]JﬂﬁG‘ﬂﬁZﬁg‘i"]\‘]ﬂmLL@ﬂaﬂ‘ﬁlL@Qﬁ‘ﬂ;LL’ﬂdﬁuﬁ/ﬂLﬁyﬂﬁﬂiiﬂ (Holck etal., 2011)
HANAN NN LA LLAT BTN AL ARN AN TINEAFNTAN LD AT (metabolites)
B wanaNNIAUARRN iU azdRn lnazifia exdlnfiu lalasaunlefaanted uay
ANTuUAINE3IaTU (Noonpakdee et al., 2003) N IHANANNLTUNTA-ANS (PH) aAAs
u?@ﬁmfml,ﬂuﬂmmﬁ”u (Holck etal., 2011)

e S, suis wuimmlu@mmqm (Zhang et al, 2009) Lmvlumﬂ@mm@
Luﬂmm‘ (Cheung et al., 2008) A nnnI&1Manauvtin TS uawde S, suis Audlen
IuLu@umuum@m”mN 3.6 Iog 474 log, | CFU/n3u (Cheung et al., 2008) WENan
’Lummﬂmﬂ@wuuﬂ@uiuwuLm@ S. suis Iul,mumu o laifidem uiley
’Lumwwhmmmuu siseenaiuinmzide S. suis QNNIANETTUINNITLIUNIS
winuun TnanuduuanEangu Streptococcus azmanel 4 4 szudnenseuay
n13vsin (Daengprok et al., 2002) nnaRnE Rt UL uans luIde S. suis gnvinane
IfBnaansuummesladu (Gao et al., 2014; Hwanhlem et al., 2014; Woraprayote et al.,
2016) uansANET84 Zoumpopoulou et al. (2013) AnudFauuaiBeiainanas
waARNUNNAEWuS tHun Lactobacillus fermentum ACA-DC 179, L. plantarum
ACA-DC 269, ua S. macedonicus ACA-DC 198 #1113 HARANSULAMEI ToF Az
FouuAT BaunTLLINSInan Streptococcus 1§ anNn1sANEIU89 Cheung et al. (2008)
s luienyauiide S. suis Tuinnmdeudnemn uwidnnmagaeianiinanulage
A97% Most probable number-Polymerase chain reaction (MPN-PCR) 'fdﬁil\‘iwu S. suis
1uL§@wuaudﬂﬁﬁuﬁmi’i@ﬂﬂdﬁ 10° MPN/N§N WlafieufufuuuafiGefiass
mmLL@ﬂmﬂ‘Lumvmumium eﬁ\mﬁ_ﬁﬁmmmmnm 10°-10° CFU/N5d (Ducic et al., 2014)
muum@mfsmmuLu@wmmumvmumwmmumuu Tannawiide S. suis
Auiifing mﬂmaﬁﬂmﬁ@@quuu meﬂummﬂLmuummuummmemm@m?mmim
AolEe Streptoccosis TuA

da S, aureus WudeTinulgaluvaluauuazdng (Azimirad et al., 2017)
annsdnseanistuidenthuien s. aureus luwmmlulsanelnaied ar.2004
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wiidetlwdeutasas 39.3 usifuriaildaieansinfidelsaa s dufise
(Enterotoxigenic) (Chokesajjawatee et al., 2009) §18U1NLATNIIAUABIBINNT
Tuduneunisan LN aInatnadantsludendeild wazuinnmmenaulsysy
oH fvsnzan @e S. aureus daulvnjazgndudavidegninane (Petchsing and
Woodburn, 1990) NsRnEAS LRI 138 S, aureus Aaudtiesndn 0.7 A
NINNIN 27.1 flansu %qﬁud’wimmmsﬁu’wmgm AN TZNANTNANENANAR TN TUNNED
ﬁ;mmm%@mgwﬂwmw@%fﬁmmmmmiLmzmmu:ﬁuﬁmmmi At 2 W.A. 2553
n S. aureus avBintianuutianndn 100 taladl

NANNIATIAASTNLIde E. co//ﬂuﬂ@ﬂmmuwmﬂﬁq@ﬂm Tutfzunasnntias
A9 Lﬁ@ﬁm?mm’mmmsﬁmmgﬁmmmi wudﬁﬁﬁqaﬂwLmuwﬁiﬂrﬁmmm%
unniienaz 87.3 atnslsfinnm E. colf ansanylinialy viluauuazdnsisigaam
1R (Hammerum et al., 2006) faufidnnsdnuilallEnmauanaiin £, coli iy
AneuEIuues wnsdnnseaiiesiuandnniz Hemolytic E. coli wia Enterohemolytic
E. coli (EHEC) naznetedaednaniwnnidudenalsne v aduie | d s st
ANA]% (Holck et al., 2011) i:qﬁdwmﬁﬂwmmmﬁyﬂwﬁﬂ YTRINARILL AT TE
figsansnuaniin gnugiuazszaznanlunesiniaudndysenissantinues EHEC
afls £. coli MsaatAnanindauaznan dunsaRnaEnUIURegn1azmnlénsean
4 5\1LLJ’inﬂmﬂﬁu'Eﬁmu@mfsvmauﬁﬂm@ﬁfimqﬂmmﬁmm (McLeod et al., 2016)
et mrmLﬁmmuwmmmimmwﬂmﬂ@um@ E. coli mﬂmm FAanstuiion
lunsuamnseudnly mwimmawuﬁmﬂ@uwwumumwm fati ne¥nEnANELe R
nﬂmumaummmim@mqmﬂﬂ;mﬂmiﬂmﬂumiﬂmﬂ@umﬂ E. coli

HANNSANENENLIES Salmonella spp. HUANUIUNIN wazUaINUanedisng
’LutmuumgmarﬁTfmﬂwwumﬂﬂdmﬁﬁiifm% LﬁmﬂmﬁwﬂuﬁmﬂwﬁmLﬁummﬂﬂu
PAINTEANTU mewud’ﬂﬂmummeﬁmmﬁ;’]umm:’r Andusaaay 58.2 1895208
Lmuwsﬁmm@ﬁ”\mm ufinsuiuddn Samonelia spp. Fudanelsnamnadlufie
SUALIAU] (Anonymous, 2016) LL@:ﬁﬂﬂmﬁ@umﬁummifiﬁwmL‘f’f@z?fmfj‘(Arnedo-Pena

etal., 2016) Intanizatwtaiiagns anlfidnduniuziinlen Salmonellosis MNgianyel

figanvsasaz 56 (Delibato et al., 2014) 7i9HININz4NT N TuRTS Salmonella spp.
THvnidasang taeanizgnsgu (Alban et al., 2012) WAaN194N9991T8 T TugnIyy
AN AWTe a9z A lne wuie Salmonella spp. a;\‘lﬁx‘fi‘@ﬂ@: 63 (Dorn-in et al., 2009)
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LAZAINNNI419998U7] WU Salmonella spp. lwilegnsludszimalne 1adebouas 41
weniluiiagnsnanmielusainanliinauangensiesas 73.2 lunuznitlegnananmiie
Tusineassndudnliuasaniiessasas 9.8 (Patchanee et al., 2016) AU LUAINNN
dy dl U a =R o o :; d’j v
2a9ilagnan g lunisnisuanununasiaud Ay sauianistuitlendnu (cross-
contamination) a1nN1saRENELATNNIAALASTINgNIVTATUABUNNTLETNLTE Y
HlanainauliAenudinegs (Swanenburg et al., 2001) N9ANEIANLNTDS Salmonella
a 09// 1 o 'S 1 dl 3 o I dﬁl

spp. ilszmalng TnaRnnuasusszaunndusiaiiaslilauniniseanuiteiiany
Tusan wuma lunh fiesdaaay 6 wilulsssindndnieaay 28 uaz uiauynanming
lupananusesas 29 (Padungtod and Kaneene, 2006) e liifiuiantsdwilay
S ludunauntsdiuvas Lu@mm‘

nansalunsai WLANNUAINUANLVBNANNUG Salmonella spp. TUkIUNUY
FlsanFnnunnnnga luununmy lun1sAnsaisil Aa Salmonella Rissen uax Salmonella
Anatum AsluEesaz 16.7 weviavun 36 lelaan dndau Salmonella Typhimurium
wuiessesas 8.3 Wil dudireudnelndpesiualsniaes Saimonella spp. Tugns
yulumaniamieasslssmalng aeanisdneneuntiniinudisoniuanaa Saimonelia
Rissen WU3881a2 49 399a911A8 Salmonella Typhimurium WUSREAT 19 WA Salmonella
Stanley nUSREAz 12 way Salmonella Weltevreden Wu%agaz 4 (Dorn-in et al., 2009)
naudianlaidseunsAnEn@isoniues Salmonelia spp. lugnsiaimlusnaayiiean
= A | all o aaa I'e A o I v a o
et WANaNNUAINNad19alugnsNTan lunnfuan1Amie dudnlndiaeeiy
= ol v o & ) A g |
Algonsnnululnunny AU ime Salmonella Rissen Nlwitlanluiyuumy 1iazinain

aaa ulz ] = '8 1 aaa

qnanTIeles 49uElsans Salimonella Anatum laiwusnenulugnsi@is lutlsemealne
fatii ArAd1dnaziian1rlulenann@ewindenludunaun1siauAsI1nTanis
NARLUN

nan1741798 lulseinalng uazsanian1sAn 129931 WAN AR NRA
nsdngalulszimaunuglstl Awudn Saimonella Typhimurium uilsaninnulfvias
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RESEARCH ARTICLE
Streptococcus suis contamination in raw pork meat, fresh
pig blood, visceral organs, fermented pork (Nham-mooh),
and raw spicy minced pork salad (Larb) in the upper part of

northeastern Thailand

Nawarat Rattanadilok na Phuket', Noi Tongsakulpanis', Kochakorn Direksin®

Abstract

Objective - This study was conducted to detect the presence of S. suis in in raw pork,
fresh pig blood, pig visceral organs, fermented pork (Nham-mooh), and raw spicy
minced pork salad (Larb).

Materials and methods - A total of 100 samples were randomly collected from local
eating places and fresh markets in 5 provinces in northeast of Thailand during years
of 2012-2013. The S. suis isolation was performed by using sheep blood agar with the
presence of selective antibiotics (NNCC Agar) and further identified by biochemical
tests (APl 20 Strep, BioMérieux® SA, Marcy I'Etoile, France). Multiplex PCR with the
primers specific to gdh and capsular (cps) genes was used to identify species and
serotypes of the bacterium.

Results - Total of 12 S. suisisolates were detected by multiplex PCR in this study. S. suis
was detected in 1 out of 8 fresh pork meat samples (12.5%), 2 out of 15 Larb samples
(13.3%), and 9 out of 22 of viscerals (40.9%) as heart, liver, lung, kidney, and tongue
were positive, while pig blood, spleen, and small intestine were negative. In addition,
S. suis was not detected in any of 55 samples of Nham-mooh. The serotypes were
identified as serotype 3 (SS3) (n=3), SS4 (n=1), SS5 (n=1), and SS9 (n=2 isolates).
There were 5 isolates of S. suis could not be serotyped in this study.

Conclusion - The capability in this study could identify S. suis serotypes 1, 14, 2, 1/2,
3,4,5,7,and 9. There was no SS2, SS1/2, or SS14 in our pork samples. The result of
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this study indicated that Nham-mooh possesses low risk of S. suis infection to human.
The negative result of fresh blood, spleen, and small intestine was probably due to
small sample sizes. Although S. suis serotype 2 remains undetectable in this study,
eating uncooked pork or pig visceral organs should be avoid in order to minimize the

risk of S. suis infection.
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Introduction

Streptococcus suis (S. suis) is known as a bacterium causing disease mainly
in pigs. Because of its name, suis means swine, hence, in the past it was generally
considered merely as an etiology of pig’s disease. Severe Streptococcal disease has
caused tremendously economic lost in swine industry (Madsen et al., 2002). Pigs
infected with S. suis can exhibit one of these and/or all the following signs eg., arthritis,
sepsis, pneumonia, endocarditis, meningitis, and otitis (Bi et al., 2014; Karstrup et al.,
2011; Madsen et al., 2001; Pan et al., 2016). Likewise, apparently healthy pigs can
harbor S. suis in their tonsils, respiratory tract, and reproductive organs (Zhang et al.,
2009). It was not until 1987 that S. suis has been recognized as an infectious agent of
multiple species (Desjars et al., 1987). The bacterium has been isolated from sheep
(Lloyd et al., 2016; Muckle et al., 2014), horses (Devriese et al., 1990; Estoepangestie
and Lammler, 1993; Hayakawa et al., 1993), dogs (Graham and Taylor, 2012; Lithje
and Schwarz, 2007), cats (de Andrade Ferreira et al., 2006; Devriese and Haesebrouck,
1992; Tang et al., 2016), cattle (Rossitto et al., 2002), birds (Devriese et al., 1994), and
rabbits (Sanchez del Rey et al., 2013).

The first reports of Streptococcosis in human occurred in Denmark in 1968
(Perch et al., 1968) and in the Netherlands from 1968 to 1974 (Anonymous, 1975).
Ever since, there had not been much mentioned human Streptoccocal case. Recently,
its zoonotic ability has caught attention world-wide (Lun et al., 2007). Clinical
manifestations in human Streptoccocosis, relatively similar to pigs such as either/or
all of these; meningitis (Chotmongkol et al., 1999; Rusmeechan and Sribusara, 2008;
Suankratay et al., 2004), arthritis (Kim et al., 2011), pneumonia (Wangkaew et al., 2006),
septicemia (Kim et al., 2011), peritonitis (Kerdsin et al., 2011; Vilaichone et al., 2000),
endocarditis (Petersen et al., 2011), streptococcal toxic shock syndrome (Bi et al.,
2014), endophthalmitis (Wangkaew et al., 2006), and spondylodiscitis (Poggenborg
et al., 2008; Wangkaew et al., 2006). There had been approximately 1,600 cases of
S. suis infection in humans from all over the world (Goyette-Desjardins et al., 2014).
Ninety percents of the cases occured in Asia, 1% in North and South America, 9%

in Europe, and less than 1% in Oceania (Goyette-Desjardins et al., 2014). Interesting-
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ly, Streptococcosis in human were markedly higher in Asia than in other parts of the
world. Particularly, Streptococcal meningitis was found the highest number of human
cases in Vietnam, the second most common was in Thailand, and the third frequency
was in China (Gottschalk et al., 2010). Although the disease incidence was not as
high as other foodborne pathogens (Wongkumma et al., 2014), fatality rate of 16.1% is
relatively high (Takeuchi etal., 2012), and the outcomes of permanent hearing loss and/
or death due to S. suis infection were relatively alarming (Navacharoen et al., 2009).

It appeared that pigs were highly a suspected source of human epidemic as
demonstration of similar serotypes of S. suis outbreaks in pigs and people in China
in 2005 (Zhu et al., 2013). Streptoccocosis in western countries appered to be pig
related occupations whereas in Asia found in general population (Gottschalk et al.,
2010). Generally, the main route of S. suis infection in human was per-cutaneous while
in Thailand and Vietnam were pronounced by eating of contaminated pork (Fongcom
etal., 2009). According to the Event-based survillance during 2011-2013 of the Bureau
of epidemiology, Ministry of Public health, Thailand, there were 32 deaths of S. suis
infection in 495 human cases in Thailand (Anonymous, 2016). Routes of infection were
eating uncooked pork and/or raw pork products (45 cases) and 7 cases had history
of pig carcass handling or cooking pork dishes (Anonymous, 2016). From this finding,
it can be assumed that main route of human S. suis infection in Thailand was through
consuming pork meat or foods of pig origin.

It appears that cultural and eating habbits were similar between north and
northeast parts of Thailand where most Streptoccocosis likely to occur. There were
38 reported human cases in Nakhonpanom province during 2006-2012 (Praphasiri
etal., 2015). The main route of infection of this report was from eating raw or uncooked
pork dishes, especially raw spicy minced pork salad (Larb). Another popular pork
product in this area is fermented pork (Nham-mooh), of which people in the north
and northeastern regions prefere to eat it uncooked (Praphasiri et al., 2015). In 2010,
there were 3 human cases infected with S. suis by having uncooked Nham-mooh

in Payao province (Takeuchi et al., 2012).
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Apparently healthy pigs can harbor S. suis and sometimes this bacterium can cause
severe disease in pigs (Luque et al., 2010). Severe clinical diseased pigs usually die
out on the farm. While apparently healthy pigs can harbor S. suis in their tosils, nasal
cavities, and respiratory and/or reproductive tracts (Zhang et al., 2009). Hence, car-
riage pigs could slip through the inspection at the slaughtering process. Contaminated
pork meat and its product can possibly possess risks to human infection. Especially,
local custom uncooked pork dishes in Thailand and Vietnam. Monitoring of S. suis

in pork meat and pork derived products is useful for prevention of human infection.

Materials and methods
Reference Streptococcus suis used in this study

Seven strains of standard S. suis were used in this study. The bacteria were
kindly provided from DMST Culture Collection, National Institute of Health, Department
of Medical Science, Ministry of Public Health, Thailand. They were included S. suis
serotype 1 DMST 26745, serotype 2 DMST 18783, serotype 3 DMST 26747, serotype 4
DMST 26748, serotype 5 DMST 26749, serotype 7 DMST 26750, and serotype 9
DMST 26752.

Sample collection

Fresh pork meat, pig blood and/or visceral oragans, fermented pork (local
custom food called Nham-mooh), and raw spicy minced pork salad (local traditional
food called Larb) were randomly collected from flea markets and restaurants in Khon
Kaen, Rio-et, Mahasarakham, Sakolnakorn, and Nakhonphanom provinces. Pig
visceral organs included liver, heart, lung, kidney, spleen, toungue, and small intestine.
The samples were collected sporadically during January to September, 2012-2013.
Nham-mooh is a home-made fermented pork product wrapped tightly with banana
leaf or plastic. Many local people in the northeast and north regions of Thailand
prefer to eat uncooked Nham-mooh. Total of 55 Nham-mooh samples were retrieved.

Raw pork, fresh pig blood or visceral organs, and raw spicy minced pork salad
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(local dish, called Larb) all together in total of 45 samples. Samples of fresh pork
meat must not pass the process of chilling or freezing and thawing, which is the
traditionally choice for preparing Larb and Nham-mooh by using freshly killed pork.
Larb is a local traditional food made of raw minced pork mixed with spicy herbs and
optionally top-poured with fresh pig blood. After collecting, the samples were kept in
plastic bags and chilled at 5-8 °C in a delivery box, and analyzed at the laboratory

within 24 hours.

Bacterial culture for S. suis

Samples were aseptically cut into little pieces. Then weighted 10 grams each,
mixed with 10 milliliters of 0.85% (w/v) sodium chloride (NaCl), and processed through
a homogenizer for one minute. Spread 100 microliters of the tissue homogenate on
antibiotic NNCC sheep blood agar. The NNCC agar composted of Todd-Hewitt broth
(BD, Sparks, MD, USA) 30 grams, Bacto-agar (BD) 15 grams, 5% (v/v) defibrinated
sheep blood (Oxoid, Hampshire, UK), sodium azide (Sigma, St. Louis, MO, USA) 50
milligrams, nalidixic acid (Sigma, St. Louis, MO, USA) 25 milligrams, colistin (Sigma,
St. Louis, MO, USA) 12.5 milligrams, and crystal violet (Sigma, St. Louis, MO, USA)
2 milligrams in 1,000 milliliters of distilled water (Kataoka et al., 1991). Incubate the
inoculated NNCC agar plated an-aerobically at 37 C for 24 hours. Select no more
than 10 colonies that exhibited 0C-hemolysis on sheep blood NNCC Agar. Subculture
the selected colonies in antibiotic-free sheep blood agars, and incubated at 37 °C
with an-aerobically condition for 24 hours. The resulting colonies were biochemical
identified in Todd-Hewitt Broth and 6.5% (w/v) NaCl peptone incubated at 37 °C for 24
hours. Bacteria that negative to 6.5% NaCl peptone and Voges-Proskauer test were
selected for gram staining, catalase and oxidase tests. Gram positive streptococci
with catalase and oxidase negative were further confirmed by multiplex PCR (Kerdsin
et al., 2012). The positive multiplex PCR samples were later re-confirmed by API 20
Strep (Biol\/lérieux® SA, Marcy I'Etoile, France) and read the results at 24 hours as

described (Table 1).
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Table 1. Biochemical test patterns of Streptococcus suis by API 20 Strep (Biol\/lérieux®

Vol. 26 No. 2 JULY - DECEMBER 2016

SA, Marcy I'Etoile, France)

Test Substrates/Enzymes Positive reaction Negative reaction S. suis
VP Voges-Proskauer pink-red colorless -
HIP hippurate hydrolysis darll<—blue colorless or -
or violet pale blue
colorless or
ESC esculin black pale yellow +
or light grey

PYRA pyrolidonyl arylamidase orange colorless -
GAL OC-galactosidase violet colorless +
GUR B-glucoronidase blue colorless +
GAL B-galactosidase violet colorless -1+
PAL alkaline phosphatase violet colorless -
LAP leucine aminopeptidase orange colorless +
ADH arginine dihydrolase red yellow +
RIB ribose yellow red -
ARA arabinose yellow red -
MAN mannitol yellow red -
SOR sorbitol yellow red -
LAC lactose yellow red +
TRE trehalose yellow red +
INU inulin yellow red +
RAF raffinose yellow red -/+
AMD starch yellow red +
GLYG glycogen yellow red +

Symbols: + means 90% or more of strains are positive; - means 90% or more of strains

are negative
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Multiplex PCR for gdh gene confirmation
DNA preparation

The Biochemical profiles of S. suis was dentified as alpha-hemolytic colonies
on sheep blood NNCC agar, and negative to Voges-Proskauer, catalase, oxidase,
and 6.5% NaCl peptone (Prieto et al., 1994). Further identification was carried out by
using multiplex PCR for gdh gene positive (Kerdsin et al., 2012), and finally re-con-
firmed by API 20 Strep (Biol\/lérieux® SA, Marcy I'Etoile, France) in order to indicate the
bacterium as S. suis. Five microliters of biochemically positive S. suis in Todd-
Huwitt Broth was transferred into 20 microliters of peptone. Extracting DNA from the
4 standard S. suis of SS1, SS2, SS7, SS9, SS3, SS4, and SS5 by heat-lysis at 95° C
for 20 minutes, and then immediately cooled on ice for 5 minutes. Primer sequences,
target genes and PCR products used in the multiplex PCR were as shown in Table 2.

The mixture of each sample in multiplex PCR was included 1x i-Tag PCR
master mix (iNtRON Biotechnology, Gyeonggi-do, Korea), 0.5 microliter of each
primer, 2 microliters of DNA template. Adjusted total volume to 20 microliters by using
DNase-free distilled water. The resulting mixture was then subjected to DNA
amplification by the thermal cycler (MyCycler, BIO-RAD, Hercules, CA, USA) for 30
cycles. The PCR reaction program was set pre-denaturation at 95° C for 3 minutes,
denaturation at 95 °C for 30 seconds, primer annealing at 58 °C for 35 seconds,
extension at 72° C for 45 seconds, and final extension at 72 C for 5 minutes. The DNA
product was evident by electrically separation at 100 voltages for 40 minutes on 2.0%
(w/v) agarose gel in 1XTBE buffer (Tris-Borate-EDTA). Staining the PCR products
on agarose gel by 0.1 gram/ milliliter of ethidium bromide and de-staining by
usingtap-water for 10 minutes. Checking the DNA bands under a ultraviolet light
transilluminator. The samples with gdh gens positive but unmatched bands with SS1,
SS2, SS7, and SS9, were sent to the Department of Health, Ministry of Science and
Technology, Thailand for serotyping.
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Table 2. Primer sequences, target genes and PCR products used in the multiplex PCR

Serotype(s) Gene(s) Primer Sequence (5--> 3) PCR product (bp)

All* gdh F: TTCTGCAGCCTATTCTGTCAAACG 695
R: TGTTCCATGGACAGATAAAGATGG

F: AATCATGGAATAAAGCGGAGTACAG
1and 14 cpst1d 550
R: ACAATTGATACGTCAAAATCCTCACC

F: GATTTGTCGGGAGGGTTACTTG
2and 1/2 cps2J 450
R: TAAATAATATGCCACTGTAGCGTCTC

7 cps7H F: GATGATTTATGGCACCCGAGTAAGC 150
P R: AGTCACAATTGCTGGTCCTGACACC

F: GGGATGATTGCTCGACAGAT
9 cps9H 300
R: CCGAAGTATCTGGGCTACTG

F: TGGGAGAAGGCAGAAAGTACGAGA
3 cps3J-cps3K 1273
R: ACCCCCAGAAGAGCCGAAGGA

F: ACTTGGAGTTGTCGGAGTAGTGCT
4 cpsdM-cps4N 783
R: ACCGCGATGGATAGGCCGAC

F: TGATGGCGGAGTTTGGGTCGC
5 cps5N 166
R: CGTAACAACCGCCCCAGCCG

* species-specific gdh genes for all Streptococcus suis serotypes modified from
(Kerdsin et al., 2012).

Statistical analysis
Descriptive statistic was used to present proportion of S. suis positive in each
sample type. Prevalence of S. suis in pork products was compared by Chi-square test

and indicated significant level at p<0.05.

Results

From 100 samples of raw pork products, 12 S. suis isolates were detected by
multiplex PCR in this study. The resulting multiplex PCR targeting for gdh gene used
forindicating S. suis was in an agreement with the API Strep 20. S. suis was detected
in 1 out of 8 (12.5%) raw pork meat samples, 2 out of 15 (13.3%) Larb samples, 9
out of 22 (40.9%) of viscerals such as heart, liver, lung, kidney and tongue. Whereas

fresh pig blood, spleen, and small intestine were negative to S. suis (Table 3).
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There were positive/tested samples of S. suis in the liver (1/3), heart (4/4), lung (1/2),
kidney (1/2), and tongue (2/4) (Table 4). All of 55 Nham-mooh samples were S. suis
negative.

Due to our limited capability on serotyping in this study, only serotypes 1, 14,
2,1/2,3,4,5,7,and 9 were able to indicate. Twelve of S. suis isolates were found in
this study. The capsular types were identified as serotype 3 (SS3) (n=3), SS4 (n=1),
SS5 (n=1), SS9 (n=2), and unidentified serotype (n=5 isolates) (Table 3 and Table 4).
Serotype 3 was detected in liver, heart, and tounge. Serotype 4 was identified in heart.
Serotype 5 was found in kidney. Serotype 9 was evident in Larb and tounge (Table 4).
We were unable to classify capsular types of S. suis in total of 5 isolates (Table 3 and
Table 4). These could be any serotype that are not 1, 14, 2, 1/2, 3,4, 5, 7, and 9, or
yet truly indentified serotypes.

Table 3. Isolation and identification of S. suis from samples purchased from local eating

places and flea markets in 5 provinces in the northeastern Thailand

117 26 21iufl 2 nsngAy - Fuanax 2559

Number of Number of .
. . S. suis
Type of sample sample S. suis positive
. Serotype detected
examined sample (%)
Fermented pork (Nham-mooh) 55 0(0.0) Negative
) ) serotype 9,
Raw spicy minced pork salad (Larb) 15 2(13.3) ) "
unidentified serotype *
Raw pork meat 8 1(12.5) unidentified serotype*
serotype 3, serotype 4
Fresh pig blood and Pi serotype 5, serotype 9
| pig g 29 9 (40.9) - ypl . yp
visceral organs** unidentified serotype

(3 isolates)*

* The unidentified serotypes in this study were expected to be any serotype which are
not1,14,2,1/2,3,4,5,7,and 9.

** None of fresh pig blood, spleen, and small intestine was S. suis positive
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Table 4. Isolation and identification of S. suis from pig blood and visceral organs

purchased from local eating places and fresh markets in upper northeastern Thailand.

Type

Total number of

Numer of samples

Province S. suis Serot
of Sample sample tested Vi (positive/tested) suls serotype
Khon Kaen 0/2 Negative
Blood 3
Mahasarakham 0/1 Negative
Liver 3 Khon Kaen 1/3 Serotype3d
Roi-et 11 Unidentified Serotype*
Heart 4
Serotype3, Serotype4,
Khon Kaen 33 Croypes, Seroybe
Unidentified Serotype*
Khon Kaen 0/1 Negative
Lung 2
Roi-et 1M Unidentified Serotype*
Khon Kaen 1M Serotypeb
Kidney 2
Mahasarakham 0/1 Negative
Spleen 2 Khon Kaen 0/2 Negative
Khon Kaen 112 Serotype3d
Tongue 4 Sakolnakorn (Al Serotype9
Nakhonphanom 0/1 Negative
Small intestine 2 Khon Kaen 0/2 Negative
) Serotypes3, 4, 5, 9, and
Total 22 5 provinces 9/22

Unidentified Serotype*

* The unidentified serotypes in this study were expected to be any serotype which are
not1,14,2,1/2,3,4,5,7,and 9.

Discussion and Conclusion

Previously, there were 35 serotypes of S. suis classified by immune-reactivity
of their capsular polysaccharides (SS1/2 and SS1-SS34) (Hill et al., 2005)". Then SS32

and SS34 had been re-classified to Streptococcus orisratti since they had distinctive

sequences of 16S rRNA and cpn60 geness (Hill et al., 2005)". Further studies on
molecular structures have proposed that SS20, SS22, SS26, and SS33 did not belong
to S. suis species (Okura et al., 2014; Tien et al., 2013). Infection with S. suis SS2
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caused the most severely pathogenesis both in people and pigs (Ferrando et al.,
2015). Furthermore, SS2 was the most prevalent, followed by SS14, and SS1, SS4, SS5,
SS9, SS16, SS21, SS24, and SS31 found sporadically in human (Goyette-Desjardins
et al., 2014; Hatrongjit et al., 2015; Kerdsin et al., 2015; Tharavichitkul et al., 2014).
Similar to other parts of the world, in Thailand, SS2 was found the most common
as a cause of human Streptoccosis (Takamatsu et al., 2008; Takeuchi et al., 2012;
Wongsawan et al., 2006). Serotypes of S. suis found in pigs, from most to least order,
were SS2, SS9, SS3, SS1/2, SS7, and SS9 (Tsai et al., 2012)

Previous survey indicated SS2, SS7, SS8, and SS9 were isolated from pigs
and human in the upper northeastern Thailand (Nutravong et al., 2014). Recent
investigation in healthy pigs in Prayao province, northern Thailand, revealed SS23
was the most prevalent (10.2%), followed by SS9 (8.2%), SS7 (8.2%), and SS2 (5.6%)
(Thongkamkoon et al., 2017). Another study of S. suis in pig carcasses in Chiang Mai,
northern Thailand, found that SS3 was the most prevalent among the indentified SS2,
SS3-5, SS7-9, SS17, SS21-22, and SS31 (Wongsawan et al., 2015). Previous findings
in people, pigs, and pig carcasses have suggested that many serotypes of S. suis
have been circulating in Thailand. In our study, serotypes of S. suis were SS3, SS4,
SS5, and SS9. Due to our limited technical capability, the unidentified serotypes in this
study were expected to be any serotype which are not 1, 14, 2, 1/2, 3, 4, 5, 7, and 9.
Itis clear that there was no SS2 in pork or pork derived samples in this present study.
However, one should be aware that any serotype of S. suis could be infectious to people.

Raw pork was 12.5% positive for S. suis of the total samples tested, but we
were unable to identify the serotype. Proportion of S. suis in Larb was 13.3%, of these
were SS9 and the other isolates were unidentified serotypes. Larb’s main ingredient
was raw pork meat, and may be mixed with some extents of pig visceral organs.
Therefore, the present of S. suis was relatively the same in pork and Larb. Pig visceral
organs (heart, liver, lung, kidney, and tongue) were 40.9% positive for S. suis of the
samples, which of these, fresh pig blood , spleen, and small intestine were negative to
S. suis. Negative result was probably due to small sample sizes of blood, spleen, and

small intestine. Serotypes found in pig visceral organs were SS3, SS4, SS5, and SS9.
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In contrast to a case control study in Vietnam, which found that undercooked pig blood
and pig intestine were sources of S. suis infection in human (Nghia et al., 2011).

Bacterial culture may not be sensitive enough to detect S. suis. Minced
pork samples that were S. suis negative by bacterial culture method (Ip et al.,
2007), but these samples were 9.6% positive by the Loop-mediated isothermal
amplification method (Arai et al., 2015). With this highly sensitive method, pig organs
were 63.9% positive for S. suis (Arai etal., 2015). Although the S. suis serotype 2 remains
undetected in this study, eating uncooked pork or pig visceral organs should be avoid
in order to minimize the risk of S. suis infection.

We could not detect S. suis in any sample of Nham-mooh. The result of this
study indicated that Nham-mooh possesses a low risk of S. suis infection to human.
Fermentation by Lactic acid bacteria of Nham-mooh may inhibit S. suis. In general,
Streptococcus spp. will die out within 3-5 days of fermentation (Noonpakdee et al.,
2003). In addition, the most probable number of S. suis in pork was relatively low
as in the previous study detected only 10° CFU/gram of pork (Cheung et al., 2008).
It may not able to compete with high amount of Lactic acid bacteria (Noonpakdee et
al., 2003). However, one should not consume raw Nham-mooh since other foodborne
pathogens may presence and if it is made by an improper fermenting process
(Paukatong and Kunawasen, 2001).

In conclusion, the presence of S. suis in human, pigs, pork, and pig derived
products both in north and northest of Thailand were similar. Occupation related to pigs,
such as pig handlers, butchers, food makers, veterinarians, and pig farm workers are
high risk of S. suis infection. In order to minimize the risk of human infection, control of
the disease in pigs, continue monitoring, and dissiminating knowledge to people are

essential on preventing S. suis infection by anti-raw pork consumption campaigns.
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REVIEW ARTICLE
Porcine Reproductive and Respiratory Syndrome; PRRS

Kochakorn Direksin

Abstract

Porcine Reproductive and Respiratory Syndrome (PRRS) is a pig disease. The
etiologic agent is PRRS virus (PRRSV). It is RNA and classified in Family; Arteriviridae,
Order; Nidovirales. Swine is the only known natural host, although other animals may
carry PRRSV or act as a mechanical vector. Pigs of all ages are susceptible to PRRSV.
Infection with PRRSV can cause abortion in pregnant sows, weak-born piglets, high
pre-weaning mortality, and respiratory problems in nursery and grow-finish pigs.
In addition, PRRSV affected pigs were susceptible to secondary infections. Synergistic
infections often result in severe diseases and unresponsive to the routine treatment.
PRRS is a complicated disease and not easy to control. There are many features of
the virus and the disease, eg., genetic mutation, no cross-protective immunity between
strains, various routes of infection (oro-nasal, insect bite, needle, breeding transmission),
and highly infectious. Persistently infected pigs, even though PRRSV and its antibody
could not be detected, can shed the virus to susceptible sentinel pigs.

PRRS continues to cause problems in pig farms since it had been discovered
in 1987-1990. This article aims to cover basic knowledge of PRRS; history, clinical
signs, pathogenesis, prevention, and control. The other specific aspects such as
genetic variation, atypical pathogenicity, vaccine, and management of PRRS will be

discussed in the next article.
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UNANMNNUNIUITIUNTTH
TsanguaimessuLAUNUSuas AU laaNL AT
lugns vsalsanarsansiag

nng ALsnAail

L 1
UNARER

13m Porcine Reproductive and Respiratory Syndrome (PRRS) 1fulsafiin
annsfaaliaienfanfiaa (PRRSV) PRRSV tiluailn RNA lafa dnatlunsena
(Family) Arteriviridae waztluanau (Order) Nidovirales wudngnailulaasdniu

a 1 ?:/ =® L = & a dll 3| | dgl/ I~1
sesNTN AWML Deuddnanaldndrtnauduninslunisunsnszanaimainin PRRSV
naliifanisinalalugnavneny nisiama PRRSV anunsovinliudgnauis gnans
wsniinganue dnsnigenaunAaangs waznaliifalsaszuumanunnalalugns

Y o AY o = ° v
AYLIALAZANITY WANAINHUAL PRRSV faanusananiAniuesqgns d9azinli
gnadnerensiinge lofauazuuanGeau) aunn wazdsnansenulilsaianfansion

% = o X X Ao P o ! dl

wazlsaunsndeauiinvnuguusstiaay Tsalidulsanduden dudyndausine mdu
anwouzianiy A lienunnisacuantsn Tnaanizasinatis PRRSV Anisulasuulas
WUFN99H (genetic mutation) agAaanlIal gnanNIunNIIRamell THHNANTY
duaewug (cross-protection) MNANIsRALTAG1ANENAINUE (heterologous strain)
nNsRARaYTaLNINIzanelsn (route of infection) WAAWlFUAIENIG W1 Nenela
NINNT9IAU UNAIAALASA LTNRAE LATNIINITHANNUE PRRSYV HAINAINITD
TunnsialdiiAannsfinimalége (highly infectious) waziiansiamaneAvag lusnanis
Huszazioauu (persistent infection) widnaznmalinulafavzenauivenly
SmugnsTiAesunTRadeudafinn wianunsaunsideliiuansdlafuselasa
PRRSV &

Teatidunianunsausll a.a. 1987-1990 usindnfvasiiludguiizaiuas
a519A AL FBYAAIUNITNNITLALNGNTAUNTLTNITAq1TW A9l unAdINil
a o & dl = = Ddgj ¥ 1 = '8 g dl v
NingUszasAiieFeuGEaeaninuguiufe 1edlsaienfensiea ineliinemns
wazdnaunne dnlaladne Taanaiatvannaidunn alsn nnsdunulsauazlafa
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81119 WesaNIW nasnalsa nisauRnuaztlasiulsa uazlunausallazlad@eu
@ean luaaunainuananesuiugnIsuaedoiauazangulsaedlsaianfansies
NIWEWNIATY uaznisdanIsvnsuiNeArLaNLazilasiulsa
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uni

19A Porcine Reproductive and Respiratory Syndrome (PRRS) FulsafiiRnan
nsinidelaiafienfansien (PRRSV) (Wensvoort, 1993) laia PRRSV 4nedlumszna
(Family) Arteriviridae wazet/luaNsL (Order) Nidovirales (Zhang et al., 2016a) N195A
dela3a PRRSV ANNTNN RGN TUTN QNENIUININALAUUD FATINITAELUINAADAZY
wazna WinalsAszuunamumiglalugnseyunauazgnatyu (Pejsak etal., 1997) uenani]

o

wadnlaFadeannsananNANiuIe9gns (De Baere et al., 2012) Teaznnliignsdnasie

Q

b

<

nsdmdelafaunzuunfidedu man waziazdaansenulilsaienfanfieauay
TiﬁLLVl‘iﬂsgﬁfauﬁmm‘a;uLL?\‘]éﬂ%u (Hansen et al., 2010; Kavanova et al., 2017; Lee et al.,
2016; Levesque etal., 2014; Lietal., 2015; Lietal., 2017; Thacker, 2001; Wills et al., 2000)

TsananfanfieanaliiinAnnudameniaasegiaatneiausesiagnainnesy
nauangnshuieunnndtaeslan nsfinidelefa PRRSV wnlifanaugode
iesanndendn m‘uLL@zﬂ"aﬁmm@n&l@mmﬁmmﬂm@?mLauimﬁﬁmu%m?:aw%mw
n1sldanusanas ufaﬂfmﬂﬁmwiﬂa?fj"q[?’Tfaq%?”uma?m'ﬂ%ﬁ@iﬂﬂumﬁﬂm@mﬂw%ﬂé’fm
(Nathues etal., 2017; Pejsak and Markowska-Daniel, 1997; Zhang etal., 2017a) N 151
lunsudmifisu fedudedanunenonalunsndumislumseaunuuazindalseend
Wi N9 3REU uazmAtiANsdAN TSN gLLLLFNge dwiumsdTatuienaueise
nuindnTudenioliAeeduinesldmen sy ansnnlunislesiunisinlsa
(Rathkjen and Dall, 2017) ﬁa&uiﬂ%ué@LﬂuﬁqiﬁgﬂﬁmuﬁﬁuLﬁﬂlﬂuﬂﬁ?m‘u@u‘ﬂm
We15enfied (Renukaradnya et al., 2015; Thanawongnuwech and Suradhat, 2010)
fenszdufinny nailinauliisy@ngnmuinfirnanisnlld iesnnlasa PRRsV divane
aneiug uazliifansaiianAnudNanesiug (Lietal., 2014; Murtaugh and Genzow,
2011: Park etal., 2015) felindnviu Ransdadadnlaialusriude Whufanisnanaiug
nAL Lﬂuiqi*mﬁgmm (Nielsen et al., 2001) 69 dunsiiatuge uaneiugaissn Faifly
Sedudedusausniifaneluiewmainlud a.a. 1094 faduilnanuifieldlugnrewna
a1g) 3-18 d1a19 (Mengeling et al., 2003) witlszmanungn I E A gun U uu
ans uazlunanlndiaasiu wuilyuinisszunnaes PRRS atnaguussugnslssGoudng
WAs (Nielsen et al., 2001) wanaNuga miﬁ’ﬁm%umﬂiaa?mmﬂﬂﬁufwﬁam@lﬂLﬁmgﬁ
flsnsiglasasnaanesiug (Bai et al., 2016; Evenson et al., 2016) Aavuipdu PRRS A
Fasimesiauuazliunlauneluladedneeiies aundnasnudndussdngamidug
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e la (Balka et al., 2016; Fontanella et al., 2017; Sun et al., 2016; Tian et al., 2017;
Vu et al., 2016) (?qﬁmm%ﬁmﬁawﬁnmn avlFasuneluunaumnause )

TunsRATeTiE AU (wild type PPRS virus) gnsazil 1958 PRRSV Iuﬂﬁ‘vLLZQ
Fealdfoud 12 daluandaanniiinisinige waznarlaialunszuaiden (viremia) o
%m@gﬂﬂwuvl,ﬂ@um 14-45 314 (Nielsen et al., 2002) DaudIngnsazinisaiuaufues
(antibody) uwdnluszasl Fafudnunzisuaes PRRSV Aenuuaufves sauilna
Tunszuaanm (Dotti et al., 2013) iy N1ImeLAUBIN N RANTUlUIEZIINY £y
Tdannsanidnlafasanainseniagnsls

gnIniAANIAnTe PRRSV uiidnmalinuladia uazuewfivedlunszuaiden
visgususlurindeudafin mnmmmmiwm@mLmﬂﬁl,ﬁudﬁzgml,mhﬁ ISGIHREY
LLwéﬂi:mﬂvLaéﬁ”miﬁﬁuzgm%qLﬁmﬁ”lf;‘?u (Sentinel pigs) 4 WAL TRA NN UL
191600 94 WARAAN (Lager etal., 1997) Szt M lmnaANeeInlun1Ingae
aaugnINAuNUnautidnisy

Faau 9 uazanuiluanaadsaiandandias
ﬁ?m@?’]ﬁu%ﬁ%mmﬁwmmﬂmmié’uwumjmmmimmﬁmﬂﬂaﬁ'wu‘luzgm
217 l3nLgide (Blue ear disease) Teililfinnnazgnstheasdluy fhudsinsndnileeann
INANI9Y Cyanosis ANAauLlanerassanieiazionisisinnlaves leadsauigns
(Mystery swine disease) Lﬁﬂqmﬂhmmzﬁummmm‘lﬁmﬁahj Fufudn TsAnguainis
WNUAZSLUUAUWUEANIMAY (Swine infertility and abortion syndrome) TsAuiianszans
waznguaIn1sialnanisauuiela (Porcine epidemic abortion and respiratory
syndrome) uazlsAnguaIn1sscULAURUELATNgAUMNE 1A Porcine reproductive and
respiratory syndrome (PRRS) %78 fanfansieq ﬂ?ﬂ?‘iﬂﬂg’uj TUN5TA (PRRS) 2alsn
Porcine reproductive and respiratory syndrome (PRRS) LLﬁQﬂ%dLﬂu%@Tmﬂﬂ"mﬂu
711913 (European Commission 1991) iatlaarupanudua ﬁﬁlﬂwmm N lulan
1%5%@171'meﬁiﬁqﬁwﬁ@ﬁ%ﬂ%mﬂn@jummi‘ﬁ'ﬁmLu@mmrﬂﬁm PRRSV (Albina, 1997)

anusaadisaNaIsansiag
Tudnstlaned] a.A. 1980 lunatlylatuarasisnd wun19sz U ATRNgNANIFIZLL

8

avRuganaauazlsanasumglalugnaan Tunganisasuaiulsa Mystery swine

Q
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disease ﬁmwmﬁq@ﬂé’dwLﬁmmm%ﬂvl,qi"m PRRSV Tneifisiazann Central Veterinary
Research Institute 184 Lelystad Uszindiuisasuaus Jinmawzuanide PRRSV ¢l
pSausnludl p.A. 1991 Tnelfimaduumlnannaainiangns (Porcine alveolar macrophage;
PAMS) LL@:%@%@'J"\ Lelystad virus (LV) (Wensvoort, 1993; Wensvoort et al., 1991)
anwilaReusenn 1n3dem19anigewndEng fianasuen PRRSV IAdwmesiu uwildiaad
L‘W’]:Lgm (cell line) 17‘1'Lﬁm’mmiﬁma@ﬂL%@ﬁﬂ%’]mﬂz (Clone of Monkey kidney cell line;
MA-104) slﬁ'a'iﬁ VR-2332 virus (Collins, 1991: Collins et al., 1992; Rossow et al., 1995)
LL@:ﬁﬂﬁmmﬂmm“%mmmjﬂé’ﬁﬂmimM@uL'ﬁ'@ﬁuﬁummmmim Inensnmaeg
Wdefuanldangnthundudnllluansidaenide uavansnsarelsaviserlsfiennis
wileuRiRntuluringl fod anndenguennis Weasnsafigaiiauldanmmilufiuidn
aslinanadulsn PRRS

To¥a PRRSV HAN®Men19@ann Taseairauaziugnesulndiassiu Equine
arteritis virus (EAV) Tugin Lactate dehydrogenase elevating virus (LDV) sl,um;}vl,wf
waz Simian hemorrhagic fever virus (SHFV) 1uas mn@m@uﬁmm%iﬂmm PRRSV,
EAV, LDV uaz SHFV #1113 PRRSV gnamatilu genus Arterivirus 184 Family Arterividae
u Order Nidovirales (Zhang et al., 2016a) @m@mﬂﬁﬁﬂumﬂﬁﬂwﬂhm Arterivirus
Aa (1) ﬂ'@iﬁlﬁmmiamL%faﬁﬁm?ﬂuéwmﬂLﬂmwmmmu (Persistent infection)
(2) sl s luaadunalaming (Macrophage) Waz (3) finnswlasuulamig

o

Wuﬁqﬂ‘iis\lﬁfaﬂ@’mﬁuﬁﬁﬂ%‘um\ﬂﬁﬂ@ﬂ (genetic mutation) (Zhang et al., 2016b)
ANNRULLsUTaANAMAIN AT TWKAT U ENssNTas LA saRaNsaSlas
PRRSV ﬁ@”ﬂwmzwwﬁuqm?uﬁLﬁﬁlﬂuuﬂamgma@mam (genetic variation)
(Goldberg et al., 2003; Zhang et al., 2017b) Dausdnnsuandisinil (Serotyping) a1:190
uein PRRSV aanlaue 2 nga (strain) Aag 191l (European strain; Type 1) uazaidaniimile
(North American strain; Type 2) (Murtaugh et al., 2010) Lﬁﬂ\‘mﬂﬂ PRRSV {A3%
IndAeeiumnn nsUsslunnad1u@suanen (Serology) vl Aeudnesniiiasann
Toyumanaiinnisuaniululrausauaufuan (monoclonal antibody) sialilsfu
TAs93191091958 PRRSV (Structural proteins) (Kim et al., 2007) R AT
nFUNLANLANANIeA TN uazRugnIsuaeslafafiuanldainans (PRRSV
isolates) el EOE TR AN UAN AN E (1) annsaeslsATiRat L luusas R
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(2) ANIURIILATNNINTTANLIBITaE 19 (3) ANNNLANFNNTBIAALLLA (RNA sequence)
(4) A uEuuLsresA UK luN1nialn ANHUANANSTIRAIUEINANT Fad1tnay
ynanndeunsndeuiuanasililuusasvnfy mssunennmeandlianunTuans
T Funanuansnaiy feienaidunsslnBeunaaesdinugzeiauazilannann

-8

deanelaniatiues wazlunnanimasesainnsuandlifiiuil PPRSV Lnaanaiug

nasaslsnlutlanldguusslimniu Ineaanizetntisaaiugnda gL (Han et al.,
2013; Liu et al., 2017; Wei et al., 2011)

nanaggnsnwulsa
WUNIIRALTE PRRSV 1alugninnany Aanuguns uazszazioanlunismng

[

Auetjiueny seAu)NANTsATeIgns wazlsAunIndauaws| (Albina, 1997)

SETUNRINEN
flaqifunudnisfinie PRRSV tAatwneunnilszmanialan wnizilseimne
2RaIATRLLATARAUYITIUNENAN g B UTUI linsRame 95a PRRSV nsAnmnie
FFuAIneuULSeunay (Retrospective serology) (Arruda et al., 2017a) ag/l438 ELISA
uaz Indirect fluorescent antibody (IFA) Tusiaaeinsarnwifugns luies Ontario szing
, (o . o \ A @ = o o \
wAUIAN WUl lddFateluuaale 50 saatne MAUlWT A.A. 1978 AlvuaLan wa
Huauan 2 1 51 (3.9%) andsuaesgnaniulull a.a. 1979 uazain 8 Tu 51 (15.7%)
ansed1elutl A.A. 1980 Tuanridsuinaanigeusnindulinuueurvenluisuun
1,425 fiaeleiiivaingnsluiy lowa lutl A.A. 1980 aunszyia I A.A. 1985 WUHALAN
1114 26 (3.8%) Fivaeing wazilsia AnisiupdNgnauEes-) et A.A. 1988 Tinauan
17 W 27 (63.0%) W1FN waz 313 1 658 (47.6%) @54 (Lambert et al., 2012) sialuiiflu
dl 1o 1 o 3'/ Qid a 1% a = .i’ 1 =3 a) dl
Auddadnluisaestszmaniainnfianiy n1analeaaaiatagunude 5 1 Tnaf
lafinsunsnszansuaslsn

1
aa o

Tunadhiai@s nuweuduannawizaalafa PRRSV ludszindininals
luieunanan 3 a.A. 1985 (Jeong et al., 2016) warlutlszmeiuluienfiguiey
1l A.A.1988 (Cha et al., 2006) lunailglstl HseerunisszuIATas PRRS Fhuafausn
fulszmAieasi TupaungAanie I A.A.1990 (Reiner et al., 2009) Tuilszmelne
Wuuﬁngmﬂ’]iﬁmﬁﬂ%\uwﬁ A.A. 1989 (Thanapongtharm et al., 2014)
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N1SANAD
1952 PRRSV naliiianisimaaladnanasainnisdntalndaineaanuny
anipaus 10 aynA (Particles) (Arruda et al., 2017b) uazdnienisunsnszanalilg

&

anslanaremna laun wigla nenisiu unaLus simmqﬁ%%mmmm@uﬁuq
mqmmmm WA memm@@m mm‘mmLm@@”muiqm@@nmmmma fTaanny
9197 mmm LL@”mﬂmummmmuumﬂmuu (Pileri et al., 2017; Wills et al., 1997)
AMNNITINAARI mwmmmmmﬂww (Inoculation/challenge) LAIMTIAUT PRRSV
TneAamnzuenide wulafaluinaneuiu 42 5u (Wills et al., 1997) wazluildaanazun
14 31 (Rossow et al., 1994) IuﬁﬁL%@W@Wuﬁzgnﬂumimm@mmu 43 JUNAIAN
zﬁ”mﬁm%@ (Christopher-Hennings et al., 1998) N34 Reverse transcriptase polymerase
chain reaction (RT-PCR) @1:190659aWL RNA mm%i”zﬂuﬁﬂL%@W@Wuﬁzgmmuéﬁu
1130 Ae 92 i udsandudaie (Christopher-Hennings et al., 1998) uNgna.AANIT
RALEa PRRSV Annnsaan fiesdastin L%@ﬁiﬂé’ﬁﬂmqmnw'@zgmﬁﬁm%@ (Prieto etal.,
1997) Fatu nsideanstindeneunisanfioy Aeiisanlanialunnsfinde iesain
AeaneLinnilaia PRRSV nsunsidedqnansinurnumisgaansy matuldu 35 3
209N19Aaas (Yoon et al., 1993) LLﬁiU’W\?ﬂ’]‘iWﬂ@ﬂ\mﬁUWUfi’]Lﬁ@%%iﬁL'ﬂW’];‘iLLﬂ@ﬂﬁ‘
ﬁﬁm%mmumﬂg: (Persistent infection) Wit (Rossow et al., 1994) wazlifideloga
mmﬁmamm@mm‘”ﬂé’%ﬂL%@ 42 1 (Wills et al., 1997)

Van’?mﬁﬂuﬂ@ﬂmﬁuﬁmuﬂ fhan Tdaanaz uaz §aA19 Fetuilenluduanden
nsunsidevedlaaannnisduilensededamdaniusagviegunsafiilentadululy
uriRaldAeudneenn mazlngsssnanige PRRSV lunuludsuondeniiusuasion
ﬂﬂLf’iuﬂifﬁﬁ@qmmﬁLﬁuLL@zmm%uzga NIINARBINITAYBE U PRRSV Tudan (Fomites)
16 7iin Ae WanaRn azuAuAd B1eaL dadadian Tidey Wedha d1alna B1U174NT
Aag 1w a4 (phosphate-buffered saline) Hinae thanntie tnyszi thane Tagnay
uazsaqns figaamndl 25-27 °C wudnlasa PRRSV aserluivles 3 Suluininde 6 4
Tutinanntia 8 i uazlutinlsztn 11 4 (Albina, 1997)

n1Eudanisiaite PRRSV zgﬂiﬁﬂ%ﬁmmiﬁmL%@ﬁm@qummmm
u,wa"ﬂimmiﬁ”@iﬂﬁmﬂiﬁqﬁluj (Carrier state) laAaud 19Uy qneana
AAnde mmaéml“uL%@if;'&‘”@lﬁ’ﬁuqﬂiﬁluﬁﬂ@qﬂma (Sentinel) lAunune 99 Ju
(Albina, 1997) Lmzwummwa"L%mm@ﬂﬂé’mu 15 dUaf wazau1gauen



AN9419
ﬂﬁl'JLLWVIEIﬁ’]ﬁ[ﬂi .

183

Felaialdarnnistiaideaindesdindaunanas (Oropharyngeal swab) Wuf4
157 Sundaannnisldiude (Wills et al., 1997) w91 PRRSV HA2ug11130lunns
ﬁm%@ié’zga (highly infectious) viafiBunnaFaitsadniesintufiarunsaianig
Aatels usedndlafinunsunsnszanenisinidelldanfaaunelulsedourieaiu
ndUl 1 AnetinesanSauiiile eimeznisunsidesinaziAnannnisduiadnlng
AuU894N7 (direct contact) S funandnaesnisinsalsa

wudgnaulaas (Host) musssuTIRu8y PRRSV Wity Aann1InAaes
nuddniiuunzarladlnduse PRRSV (Hooper et al., 1994) wazn13naaeddnsiin
U1978a i1 lntaansa (Mallard duck) WUTANLTRANTAAEE PRRSV 1§
(Zimmerman et al., 1997) aginalsAmIN NN AsEAuAS IR ALNdU LN RnITe
luilnsiaanse (Trincado etal., 2004) Wiilaus dlumanaaesluaiausn uidnilaiaania
aglllddauAendesiiddnylunisiinseses PRRSV sewinegnslug usenaifluumas
InFaatin ol 16

msAnfazadlsanelunisy

ANENFIAINNITTLLIATE PRRS 3ululy n1sinlie PRRSYV azqy
Reuatlugs (Endemic infection) ensianisnndm PRRSV Tiunaliaingsgnsls
nFaziinsasnsindeetreiieg AnuNgan (Vertical transmission) Fatunnasn
(Transplacental infection) NenuL 119LnaInnAsRy nentsvngla visedua
Tasmss nasunsaingnanaluaanihaniu weaunsnIza1aszninengs (Horizontal
transmission) ‘EmﬂLfawqz@ﬂm@lﬂuﬁwﬂwuq@%qiﬁm (susceptible) LAZRNT LAY
Tasalfifluetnennn wazmsunsidelada PRRSV annidnenuna sieqniqy uazetany
é’@uﬂ@”umﬂ"agjaLLM@ﬂﬂé’%ﬂﬂ%@ (Alexopoulos et al., 2005)

NsARARTEUINNNISN
nsfmEa PRRSV seudnennfuiu dnuanlaeindnannysauna siun

dl | [~3 o o lil o | %
21990199z U1 ATasTsANNIaINA e atnslsfinan gnaidusaundalofanngqnals

auazuinige Ay Tade@assaniaialsaaanisiidignanauni u%zmi
ANNUNEIRE 1N TN T g9unIenITung NIy ma‘imimﬂmmuj E mm
m@m@mmmﬂmﬂmmmmmm@Lﬂimm@ﬂmmmﬂ 390U NTUNSTEUNATE T e
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duTNSuMA N 8N dRdEunenanagns 1 g siseuNaInAEen (Otake etal., 2003,
2004: Rochon et al., 2015) fanaintuldiiaandnitlunivzandsa (@4 0 flaqiiy
Felainauuidn) arnnisdnmarfulutlssmadlaagiiialsanudn 56% 185030
NfugnIRaaii 20% 1§50 ennantnide uavan 3% elinauuiuen (Pileri and
Mateu, 2016)

szazWnma9lsn

zgmmfmﬁqﬁﬁm%ﬂ PRRSV aziansainislqget19saniiania’luy 3-7 Ju
(Choi et al., 2015) LLﬁiquuiumJWUﬂﬁaﬁmL%@iﬂﬂ”ngmlﬁ@unﬂﬁqmmluﬂﬁuﬁmm
Uszanas 7-10 Suglyl (Albina, 1997)

a1n15

e msreslsn PRRS fAnnavainuany feusliuamenisllauiausnsennis
GHEREANIER Tnellaiflannnsaaslsnfianmne (Done et al., 1996: Pejsak et al., 1997)
%'\1m’ma;mwwm‘lﬁm%u@gﬁumﬂﬁuﬁmmiq% ?zﬁuqﬁﬁuﬁumm@mﬁ'ﬁm?@ WAZ
Tspunandeu meradelunszuadeawuu@aunau i W Jendniay uaznisdaman
perruLAuiugiAntwilesannudansild uay PRRSV rumnssnandiaigen vinliisa
@'@uﬁmé@;ﬁuﬁi@fﬂumﬁﬁ

- ANANIWINAAEA AzuANINIElAa LN LNFnenalaInmeszLLLszam
daunang WemINIeene 100%

. gnsvenua axiennsld deadniay Su uazdnmnismeiinsnntuidiesinng
Pndeuuniiaielosatu unsndeu qneilimeazadoiulngy uaesenaliuans
annsthelfiiiuathedniau uilidnmniaasoyvindindilng

. gnalm (NITU-U gNIAND ANTUN wazWaRug) Hanigldvsalinueinis
Annfiae uanileans aefidnsnismeaannisn PRRS Uszanm 5% winii wasny
luszeizuang HRAN2s27 it vl

. W@zgmﬁﬁm%@ﬁnwudwmm@u‘hmqmemm wsldwumuraUnFvesaInNIg
m\maﬁﬂﬁluj m@@'qmmi@@mmwmmﬁﬂ L%‘ﬂlu‘im;ltmﬂ“] wisanniiniia PRRSV nevinii
AmuRnnenaLdnfisngeiu ilesanuaslnn
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« gNIUNN GNIYNTIRIUTINGN NAsuTIasInNLTugave) 189n19R Ve ulgns
uddnunbindudn de PRRSV asnsnunsdnlulugeainadudaiindualusasen
wnszatiluviagldvnscey uazdanudfeeuLeaasnsaAaEe AN ualgnansL e
mumwmiﬁuﬁfamﬂ%ﬁﬂ%fi@lﬁlﬁmmaﬁmL%ﬂmmﬁq@'ﬂuzgﬂﬂuﬁqaﬂmwmma?f;Tqﬁm

= a (=1 & I's
amsiRainansszunraglsatluasiusnlunisa

seazusn nandszunns 2 &anit wuennasthaldlugnamneny gnsfinmaay
LanIa1N13TN (Heaus ananusantmaesuinaanalvn Jl4 (39-41C) welaiia
waznglaanuan Bomisnisuasluy Uaneayn danein uaz8iviesi@sioenan (Cyanosis)
(Choi et al., 2015)

dl o ] a 431/ % o al dgll o

srzNay uasanuuniRamaluszazusnlluds unehfuenalianniszas

THuUde 1-4 1hew TeinsesszuunIniuiglaazEuaias wenuilgmiseuy

Y

VUGANLIAY 1T W9 @NANIAANIEaULE NFINTTANLNBUNENUNGS NIINALER

9

S
=

NI LAZERIINTdNAaEARAT (Alexopoulos et al., 2005)

2115 lusgns

fawwmmqﬂif;ﬁﬁmmﬂ W7NgN YTAARDAQNIALNULAAADA ANANTUINLTA
geune uiansnAuAndn nawlifin wignsvdeaaeainuauie B4 Aauileias
fAuningn vieuansennisguuseninduiiesainisaunsnden Jeunnsnaiuly
Tuwsazinfu dnsnisanaaesulgnsannnislasnuaaundues ludogilszunu
1-4% u,@zm\iﬁ'?\amfawm"wLm’zgm?mwLﬁmmﬂﬂfammuﬁﬂ nezwnnsdaanae
Sniauvieladniay wanannieianuainimielizanm @anulgas) 1y
(Ataxia) LAWAU (Circling) ¥3a8NNIMA mm”ummmmi:uu%uﬁuqﬂﬁm'%uvl,r%’mu
foudl 1 flanvuazenareiiiesuiuil 4 Weu dszann 5-80% wignsazanen
naunIuuA (100-118 1) LL@ZQﬂ‘ﬁIﬂ@ﬂﬂ@ﬂﬂﬂﬂ@:ﬁ%ﬂ@ﬂ@ﬂiﬂﬂa @Jmﬂmﬁfrj@uu@
HauaLan wazgngnasngluanizaasn (Stillborn) visailudnwssud (Mummies)
Lmzﬁuﬁﬁﬂﬁmmmimy'u@zﬁmmﬂﬁﬂﬂﬁuﬁqé@uﬁmﬂummm@@m (Stillborn) (Alexopoulos
et al., 2005; Schelkopf et al., 2014)
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2115l uwagns
1 o '8 dl [l al = dl al
wauggnaiatlagluszazusn azlanisiu 1eea s uarieaIn1ameseuy
wgla wanainiifenudnwagnsariaiuaulaniane (Libido) ARAY WATAUNIN
e Tnaduarilidnsinisnaaunedsiiegaanas saNAUiAANIALNIET
azlm3lan (Acrosome) 1895843 WUN19T LA PRRSV enunietiae L ludaatsennn
2-10 d1la19f nenasannfmie (Prieto et al., 2003; Prieto et al., 1996)

2115 lugnansseecanUN

ansnisnnegegaarnulugngnsenydesndn 1 4Ua vl wazwudnan
n13anegelugngnsnaune1us z%m%”uqﬂzgmﬁﬁmL%ﬂwa’Lameﬁ%ﬁéNmﬂfdﬂuLm
LL@:’LumwlﬁmwwudmmajuﬁﬁmL%@ﬁéwmﬂ@'fawmmm@lﬁlﬁmmimﬂié’ 81019
vagngnaaziiaauduuls daulvginnudngngnsliauladeusndanniauen
wAszunsy vneladauazanunn luseiuanianisguuse nuillayaianasniau
wfamuanti deennstasdivlidanuuasnaldeslugnansengiioandn 3 dan
ananuanstendeilineuanessianisinefassniious vredafiannimia
szunlsvam i fadu ueuszuesiauazin ndadens Tafinans uazannisasise
wUANITEUNINTaY (Amarilla et al., 2017; Mengeling et al., 1998)

N5 I UGNANTNENUNUALFNTTY
. g m - . de o ¥
2n13lutaeusn ) Ae 3N ieeus wglads mealaaiuin NRaniiediauns
aduiuTn unesitanaiainislailuaiangg (Liu et al.,, 2015) Tusnaiseds gngnsuenu
azaunenuy dnsnisasyAuiauazlsz@nninnisldainnsanas denaligns
Aelupenleuiawansa19niy wasiialsansndaueiyw Salmonellosis, Glasser’s
disease, Streptococcal meningitis Lbas Polyarthritis (Kavanova et al., 2017; Lietal., 2017)

Tneannzatinatislunfunananinzguausia

21n1522919A PRRS iNain1sseu1ag1lunisu
dy 4;1/ o & % =) A
aN1ranun1srUngedda e fanielunnfulaunwdul vieuwanaannng
dnlauynT 98U 5-6 HaU wian1gligulsaaiunisszuanluaieusn (Pejsak and
Markowska-Daniel, 1997) tHasa1nlunsazn1Fun1sAnmaannn1sssLInLAas A5
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VLsﬂé’Lﬁm%uw%@mﬁunﬂﬁq wasiluneiafidsllifiantsfinige (Sub-population) (Li et
al., 2014) qﬂiﬁiqmiﬁmﬁ'quﬁ@ﬂﬁm@Lﬂumﬁ@uéfrﬂv@ﬁﬂﬂﬂLﬁuiﬁmiﬁﬁuﬂ?zmm
lugegns viemniAanssrunaRuLsBetudniinannisinideantala PRRSV
aneiuSmlfidnrnzweuRauanAanfineianisszunaluraa vieannis
nangugaasiafadauin visefinsunssrunaviserindnansiinadesneane i
TnFaupan5u (Heterologous PRRSV strains) (Li et al., 2016; Olanratmanee et al., 2013)

NeNBANLEATlsA

leide PRRSV L%’ﬂzjaﬁ'wmmhumqLﬁlfaqiwmwﬂ NI9NNTNYU NIGEINIS
WABLNALNA iselsgnIANINTnF LT umanTiagnld a1nthude PRRSV axgndv
Aulnengaguualasing uasiinafinduuaedhianeluualamie udadaazian
shu%wﬁlﬂql,ﬁﬂﬂ (Mucosa) dinlilag/lunszuaimennialuian 12 FrludsannnnIfnige
de PRRSV @:LLwéﬂi:mﬂﬂzﬁL‘ﬁﬂLﬁ'ﬂﬁ’]mﬁmu,axlﬁmmiﬁmL%@ﬁﬂ%ﬂéﬁ@ﬂﬂﬂ AENAS
mni”uLf'%@L%’ﬂzjéwﬂ’mmmmwmmuﬁwu (antigen) 784 PRRSV Tuunalaiaiiie
ylnseayn Uan wazneuda lusadifleyuimaenidendas Tuadfundwile ey
1891a8AARA (Lunney etal., 2016; Renson etal., 2017) kaz lunszudiananyudn PRRSV
annnrnaesaseidudaszlunszuaaen wasnulafalumaduiulas (Monocyte) waz
neatiiuliiEzu (Fibril) a1unsnasamuauRiauaed PRRSV Tuiladadnagnn neAs

Insitu hybridization WaZ38n1991149 Immunohistochemistry (Rossow et al., 1996)

saalsn
1n§a PRRSV ungnszanelminnssualdaanm Las@a1N1sanunIsmnaLma be b
NNATENZARIANT 1NATAEIIANIENAIANNNITFATALTENINL 7 JU AnHUzaaTaslsa

q q
1

fiARaNNnsAaiTe PRRSV fianunsnnmasaandesqanssad ldun deasnianludnmms
adnefunsnaimelasaar lufe Interstiial pneumonia axasdniauuuLlsifunuas
(Non-suppurative encephalitis) n&uitieslagniay (Myocarditis) HaatAeNS AL
(Lymphadenopathy) bazNiianaanlaanLaIendL (Arteritis) (Beyer etal., 2000; Rossow

etal., 1994)
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saalsalugngnsusnaaan

seelspazifiulddnfitan nuibetaadduaaduiie ity (Mottle tan lung)
Fantnaeinsrene e Ununansieasneunnuazidnauas e nie vseena
WUNATALANTDITDUNAINTN N8 1T 09919511 W F RN VAR LNLA TnELanie
At AR E0Ae (Cervical lymph node) Rant VA Iiaenay (Tracheobron-
chial lymph node) WAz iy (Inguinal lymph node) i'ﬂﬂi‘iﬂﬁluj ﬁﬂwwuiﬁﬁﬂ
ey nssaynéniay anesdnia wazndniileralagniay

NM9IAIIAAENADIANTIA WUANTULNITENLALLLL Interstitial pneumonia
nezanendunedan ludemdudusudiunansldaudeduaunin nafdnwue
fudsuuladlanundld 3 uun #il (Riber ot al., 2004; Rossow et al., 1999)
1) WU Mononuclear cells Lmamﬁqdﬂumﬁqqaawﬂ@ﬂLL@:?JmiLﬁuﬁﬁuquLﬂuﬁﬂmumn
2) Wil Pneumocyte type 2 %@muﬁwfiﬂmummmmmm 3) NANITAZANTRNANT
AANAILAZIAITASTIANY (Exudate) A1NNILLAUNNIENELLAZANAN T RAaA e
ARITANHaE ﬁﬁiﬂwﬁﬁmﬁmﬁmmﬁluﬁﬁmummLeﬁ@@i"gu‘llmeﬁmﬁl,uv%m&ﬁ@ Aniiions
Lﬂu‘wﬁl’ﬂmaﬂ‘] NmiLWM’]mumm Tingible body macrophage Whag Keryorrhectlc debris
melunleadiAaTeresARd LaNANNIELIAY Paracortex T09RARALNIMABNEINNS
YHNYUUNALAZNANITENLALTINARE

saalsalugnsayiia

Fadenddnmnisudi (Mottled) warSAunangnin e nfidndafusien
IniTanzasy Lﬁ@@i@ﬂimmuﬂ@”@n@mmﬁ wudamnianisaniauaile Interstitial
pneumonia A&NERUTIARlugNansuINAREALA AN UL TaENN Feainmaes
ﬁ%mgmammﬂum dvsuennisauianunsanyld ﬁmﬁlﬂqmmmm (Chemosis)
waznsindinaesmas lutesasuazgufusiala Aauasny Lymphohistiocytic
meningoencephalitis LAY delaresfaniay (Choroiditis) Feazwudninisiians
HIIUABALAEA YABALABABNIAL WLITARINAY (Glia cells) AaNTALT NABALAEA
maluileidennvassasiinnfinsuwnnasinmassuazifiaiienavasmad
mﬂuvxlmﬁL'F]@quumifrj”mmummﬁwLﬁ@ﬁf;%ﬂﬂwuﬂmmgumﬂuﬂz’q’mLﬁ@%ﬂu@m
(Endocarditis) WATWARALABATALIT n&uiilerila wulwssayndnauuuuldinuaes
(non-suppurative rhinitis) $£AULNUNANTITUUIS (Beyer et al., 2000; Han et al., 2013)
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Porcine Reproductive and Respiratory Syndrome Virus

v

aNsaAa : N13unela N19iu NIAURUE UauNa INAAEN LATUNAIAALADA

v
v !
o A A

a & ~ A o ~ & -
NITHAALTER : NNIFHANUIUNTIE BLNAN Uam V?‘ﬂﬂ’]ﬂluﬁﬁ@@uﬂﬂtﬂﬁ‘wq@

l

NTUNINTZANENITIME : nauaune Tusestvassuazidngnezuaiaen
AN Viremia

|

a &’ a a k4 Ql/ ! o 1 <
NRANNNITAALTR : LﬂﬂﬂqﬁlﬂG’]L%‘ﬂﬂ/l’]\‘iﬁ‘%‘i.l‘].ﬁ/l%"]\‘]ﬂ’]ﬁl 1Q§‘@L°ﬁ’]§L3~I®L§‘ﬂWH’VJ
L A
uazidaeiaunmalagnig

l

LAAIAINITNINAANN Andauuylsiugnsannisg
ﬂﬂﬂﬂiuinﬂﬂ'ﬂﬂ —’ ‘ﬂ’m’]?‘*ﬂ’h‘iﬂ’i‘zmw l
welaguINUAaRIINIIAN LG WnInszane ey aAednudsann

. . x4 - X ihn 1nen tagazuazgaanse
ANFNIAYLIA/GNTIU > ERIINITANEGUWILRIANAALTS

unsndau nastastyiiulagn

- Ansisdeudalusany
ANTAU L 14 AdnuesneInIanag

" s o a {
gnawawug | Jl4 Hanindfsuulasgmunin
WiTe

ANTUN gNANELAREA GNIBATINEDULE

L uiwidensangnieunimun —
AianTsinanesingen

a o a o a a di/ o A s c
gﬂVI 1. LLN‘NN\‘]LL@@QWﬂWﬁﬂ’]Luﬁﬂl‘ﬂ\?ﬂ’]ﬁ‘ﬁlﬁL°H®1Q?@Wﬂ’1?'ﬂ’]ﬁ‘m'&
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saalsalugnsls

i@ﬂ‘lﬁmﬁﬂ@mmé’wﬁuqmwm@ﬁqﬁﬂ@mwLLCZ}’Q I CLRG TS R P E T
asiaend waTnURaNT WAL (Lymphadenopathy) fulapsiniisaalsnannnig
Aadaunsnderudandas vialsanadumelawududay (Porcine respiratory disease
complex; PRDC) Fenininisfiadedouiuldun Mycoplasma hyopneumoniae,
Pasteurella multocida W8 Swine influenza virus ﬂﬂm%ﬁ%mgm?ﬂﬁ%umﬁuLﬁ@‘uﬁﬂ
UFUUaARIUNRIAIUANS (Cranioventral) fifleuiuiiy (Consolidation) saalsn
fituilszanns 30-70% weaiietlen nisAmEesINAL Mycoplasma hyopneumonia
LL@ﬁLLUﬂﬁFiﬂgu“] dnuilugnwgfifanisairededunss ganneluvasnauiazgeas
lag N1 ldensniaunuy Bronchopneumonia fanauaznduievladniauuuy
non-suppurative inflammation ﬂﬁ”mﬁ’uﬁuﬁﬁﬂuzgmlﬁﬂ wrdnHANULITR NG
(Hansen et al., 2010)

saalsalunwagns

AsRaNLLTe PRRSV 1muﬁﬂl§ﬂmmw'ﬂzgm LAZANNNTORANTUNS T BHNN
Sdeld uslinudnyuzasssenlsafidinnzluneans ansnsamnzugnide PRRSY
1§ansien Bulbourethral gland ANWegnsif1uARIHNA ANEVAIAINNITAALTE
Wude 104 94 LL@:wudﬂWﬂzgmmmmLLW?‘&%@@’m Accessory gland 1§ A1a90
delafa PRRSV ansnsovavdenfieduasduiudinadly fuuseqnslitennistae
udafimn uaziianstuiauresde lhiallfudndels (Prieto et al., 2003)

saalsAUNENST

luuians Tneiluinldideanuseslsafinaaiulddaanian atnlsfana
’LumaﬁﬂmLﬁ@mfmmmﬁmﬂﬂﬁm@wmqniu@mwumifﬂ"ﬂme@wﬁqmqﬂ%ﬂu
Laztungaiiey pgn wuNsunsnnpeIaN W lasuaznaranaas (Lymphoplasmacytic)
LL@:éqmﬁumamm{iwmumqﬂ%u‘l,u (Endometrium) Ty EnIauTien
(Placentitis) sinlsiAaany Lymphoplasmacytic dauseslsniauaduasndnuiiiarila
I{AAA1N Lymphoplasmacytic LasiaAIRANNISNELLLIL Interstitial pneumonia TuszAv
AMgULesunans ldauds Tiguuss (Nielsen et al., 2002)
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sasglsaluniaay
a dl L% 1 1 1 v % a dl 1 1 o Y o 1
antsinuludqeaudaulunudadniinseslsailuuduan N1 l%seau
dl a o a = = nﬂl = 901 v A al
NraanaanNieIalanwurlngd Wrelnindaswdudtiiniatnaguaasiianmiien

=2 A X & ¥ o o o o a o 2o
FINAIUUILNALUBITIN LABA WAZUIATINANTL @']Vﬁ“ﬂﬁ‘ﬂﬂiﬁ‘ﬁ‘vm’]ﬂq?ﬂ@ﬂLﬂm1®ﬁ]®lﬂu

=

ﬁzgmﬂ@milﬁmﬁfamﬁa (Congestion) at/ Tuantazhanessinaau uazfdaunamiudauuan
a09lm (Renal cortex) uavifiafinanl&dulnanu (Mesocolon) LaNtnnsAasesisn
é’wﬂf&’ma@maﬁmﬁwuLﬁ@mﬂLﬁmmﬂmaﬁmmmwmmLﬁ@mﬁu“mmﬁ@ﬁm
angazie nunssniauuuubifuediitiniBuunney uaznilmaendeniniionie
fauduiiaemaan(Hemorrhage) LasTiUTnndNAse A vFUANMLY Interstitial
pneumonia 798119A 1M UK Tngnunisunsnidanseadadensiafiuioniud
ANARALY AN FUENETUNAUAZLALAN LTI Pneumocyte type 2 Lazliungse
a"19aZNL Exudate 391ARANNNIZLALNNIENIALTINRUNAAHeANe wanaani
Fagnunsanunsiialiennaivieaudesuazleaiidaneanlufieeufiinisinige
3194 45-49 Fu 109NNTEATRY daLNNIENLALTRINAIEaTlA LasTaRnAEnTDS
L‘ﬁmé’azﬁuﬂumu Lymphoplasmacytic Lﬁm@ﬂiﬁ‘mﬁmﬁﬂﬁ@mﬁ’]&u (Nielsen et al.,
2003)

n1sadaaslsA

nisatiagelsn PRRS 1Hn1sawnsneiideayalss@nan1wnisuan aan1smImann
saulsn dvenalisnnnzaelsn Sdufesmniwanisamatudunidelafanieies
UfiAnns Arsdlladeuanisn anlzafidaoniaunfsesssunniaiumislasaniy

o

TenszuvAuiuganmacaus wu leafinqiadnen Tsneliandgns Tenlduingns

9
4

4o
wazau iusu

N9AFIAN [IFAUTAUBUALAY
A a a X o ¥ 1 = o A
Wafian1sfalmeianeszuusenie gnsasilloda PRRSV lunseuaiaaniily
FLETINANAAUT UL An1TnRTIann laFarTaansRugnIsuNawzsalafaann
Aaat19EiNgnelae wTeansoat9Tuielen MoaNUILUAEY N YTRUNLTE
sanvvedanzaws) vsantsteifivdietnaainingsayn (nasal swab) lugnsieanTin
Tasiuwizuanidalofalumadiniziaes w3enINNasIauIaTiugNIsNaaelia
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¢35 Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 33 PCR 418190
wenaneiufelsduazeudnuuileld Tnaniseenuunuaznnsld Primers gRs e
Y5L7eN41 Multiplex-PCR  (Wernike et al., 2012) wisauenla5alaneianisdannig
UfAsenauywieniuauiiauzadiafa PRRSV luilaifetlenvianauinuias
Tnei3% Immunohistochemistry vsa@nsylunaaLsa@us (Indirect Immuno Fluorescent)

(Rossow et al., 1996; Sur et al., 1996; Thanawongnuwechet al., 1997)

N5ATIANNTTNINE
Ao a @ ada % aa [ % 'y dl 1 a da’

nsasaannedFuanandudiniedenlunimiadalse dlurfunldinefne
wnau vanlinauan wansdndnisiamenislunnfy viraiuset9dinaingns
FANWANLFHUNE LI LA URLBA ASILINALASIN 2 (Paired serum) azdqslssnay
nsitaselsa wAnal azldarunrauanszudngsn ldsudatuiunisinmeaananniuls
ada o a o ¥ [ a o Qlla dgll 1 ]
TrasnanendelddsylamilunindnsedalsanarinninsananmeuuAset lusanie
(persistent infection) Wagnslaiintaloda PRRSV azafaansnisnuniuaiinansun
Tunszuaiaan (Humoral immune response) AaLaUALEANANLNILFS 158 PRRSV
TIFININAFA IAADLATN T TN MANUAEAD L TTeNY TuWaalsarmus (Indirect
fluorescent antibody test; IFA) 358xTuitlasaandiag (Immunoperoxidase monolayer
assay; IPMA) 388 lad1 (Enzyme linked immunosorbent assay; ELISA) waufALaANLAA
Aunuliizanganielu 7 Jundsannnisiisitie (Tnevinliilszanns 9 - 14 4u) wazazn
Prannugaganielu 5 - 6 dlaiaintiusyiuueunvanazaes] anasnieluszezing
2 - 3 1hau wazyellidszanns 5 - 6 1Aaw (Denac et al., 1997; Johnson et al., 2004)
% 1 dd‘ a d’l ] [ d;lj o a ac o v
Busnstinnisiameuuuasatiuaziiuniy Tunsiilszfunaumuennazdansling
UINBLANNINgNIazaINNIndAEa lnFaeenainieniels seALLaURLBRAIRTARAY

wauFvenninTuluszazusn B azlianunsninanglafalfiliesannnuleda
lunszugiannsaniunisnukauAuen lwaauneqiy Jaidusansnizianizaaanisma
dalafa PRRSV wAtsaniiuueumvanazaes] Wmulss@nsnmauanainnsndulaia
Tnuaanin TaBandfianialadaleuiuen (Neutralizing antibody) R39alaeRs Serum
neutralization (SN) f4azFnnLITINIa laTeuaufues 6 lunaingn 4 d&lanvinasain
N3RATe LarHITALgeqaLszuudlnin 10 uazpsagildununanaLmaaw (Yoon etal.,
1995) iandalateuaumvanazinlnseniuige lafaamsuiaearii (Homologous strain)
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whﬁfmmﬂsiﬁ’]ﬂﬁﬁ?ﬂﬁm (cross-reaction) fill Heterologous strain @21N19AALAURY
mﬁmﬂumﬁmﬁmmf (Cell mediated immunity) Gumsanutlszannd 1 e wdann
nsAme afhiaszeazinanfiGunsanuimsalataueufves

Usziiufitinauladmiu PRRS An lWUNNIM0LIAURIULIL Anamnestic response
i TaaneiufiAn wninisaadatugn nanaie adlinume st uaesssiuneuRues
Sefndeddaelafasmsuiaa iy (Homologous strain) ¥i7an13 isUdATuNasanfled
mﬁm%mﬂus%ﬂ (Lietal., 2014)

nisAIuANuazilanulsa

nspauasuazilasiulin PRRS i lfraudneenn menebiffptuiinussaninm
vieannsatleiuidesnaneiugld vieliarunsnnruaunisunsnszanuideses
VL'J%’ZW?@T?’]’%’@L%ﬂﬂfaﬂ@’mzﬁm“ﬁlamL%@LL@:@NT‘;‘F] (Chronic carrier) (Horter et al., 2002)
nsiszSsanunngRduiuludaiugeseasinaneiietlesiunisiulafa PRRSV
wnflegnuisasiogen Tuesuliuguazgnanauny Mlalasnisnsaniedinanen way
nspsanlaia AvsilaaninisngnInauny %umﬂzﬁ"mmuﬁmwumnﬁ@ﬂzﬂmﬁuﬁﬁm:
AN Lmzmiﬂﬁﬂamusluﬂﬂmgmmmmeﬂu@"’wﬁuzgmﬁmuﬁamnﬂﬁﬁﬁmﬂuzﬁquﬁ'uj

mﬁmmasﬂmmmqmmwuﬁ INNZANAD NIAANENLsTENSEIBg (Sub-population)
filasusielaa PRRSV Inensnszulifanisa¥regifuniu saufumsantedsinen
athsasniane Methaneanmannumasd linsuanunwmsialsadnan i g
fladaidasstanisiinloda PRRSV aneiuglvlidngvindu nsdfuanmansananaunuvie
(381N97 N19AQNENS (Acclimatization) WaNT LL3Jzs;mﬁm%qmﬂxﬂuﬁuﬁu@mmqmLmu
falAtlszanm 21-30 A e lHiRnnshnmeuazairegfidhunulsaeaadniiitlura
(Dee and Joo, 1997) visaandaduiiatlasiulsa PRRS ?QN%\‘II‘Q‘FN%W‘I pinel 1 19
atinnsgns safwgiatnnen Tsalnssayndniay wazlsadalasnananiugu
Lwil,ﬁ@qmﬂzgmﬁﬁmﬁ@ifﬁm PRRSV gnunsndvide (Shedding) l@unundn 3 1Rau
nsiuanIngnaananauny asanitlusiastinszazioanaan lauaumnIzanaes
wazvnf Glianstasnd 60-90 Fu luansiReaiu pasilszfiniagiuAnendusy
lsnRdnAyan wenaIn PRRS uazmanifuaednsduslaifieaninfesas 10 UBIFNT
VAN UAZATIATTENAS 7 14 Uaz 30 FuMAIaNIANABARKILIN YBLRBATNILILEY
AYsAmIABEATIEN 1 950 2 AKe Tiul 60 vise 90 Su eAmulad IR TeuAS
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lsiduige reufiazfhegnsanamaunudngmenuas

atalsfmunisasanukeuiiven lugnsanafiiiunisuiuan wuds Taild
Usiniinfidnlsasieleda eswn PRRSV ufipRdulsadnuaneiug (Heterologous
protection) wsin1sagnanslunisEzangnsamaunu dannlaaazyinliifagiAuiu
sialafansafuanaiusiney lwlunfu Buudazianisnansiugviedanaiuglnd
gt luvindn Hdensrzdslunisnangnidiine

1. nefudalnenseiuusignasaiinieanseyuna idedinie uignsdni
a1aliifinnsdulafa PRRSV daunnsldgnseyunaenaiilsndu 7ildfeiszasd uaz
B1ANANITUNINTZANE 1Y Porcine Circovirus type 2 Wil

2. \ilesannnisunsnszanzaediefa PRRSV sitenisiiaiie a1aiintuld
TdnFanrulugnavnga nisagngnasinifia Sub-population M IHNRANAaasH W
Al (Un-uniform herd immunity) £N%1NH4NINALNLLNGED Lﬂuwm:mmiﬁmwﬁuﬁu

-8

VialAERAEaNNTaUaNALT ANSHANTNAN 8IS (Genetic recombination) awlfanaig
Tnad Lmzm@Lﬁmmiizmmﬁquum%u‘luvxlwﬁfwlé’

3. ma‘%m%i”zﬁié’mn%ﬁ*mngmﬂw ViasaNnAeLA (Stukelj et al., 2015)
Tuflaqiiufudeinainasandmunndroununisugns ne WIzeaLRANsAATe
fuurauazunsnazaneludarfudu 1 vileanaiimetuileuresqainau i lhia
afindans lafafegiariius isemeilalaia uazinldiRAansunsnszanzaeaidelsn
Rinsieluvindetnemniia muedslianansasuasinadlaiaiasanlsiuanmaunly

luniegns aasdansiielildgaegnsiidaeniie|a3a PRRSV ua 1433 nasiiies
Wi TaeinnIsaziaannagnavnen LL@:ﬁmﬁaW@qﬂiﬁlﬁmmﬂuum Tuynanad

6

dl o % [~3 1 dl % =] % dl % o o
nanfudesiuwagnanlinaduuonld analiasainiuwnnasiunistiulgeanesiug
Tunstiiull Arsinnsnagaeunisluilaunesleda PRRSV Tuiide visansiaiaen
Waugfaeda PCR wazprsasailuszey iaminuuiladnlaanainlada PRRSV
r o f waa ¥ X oy C oA s X
Weaanmudenaasnsutleuliialuinge adislsiniu Wwegnsirafnime widn
nangalainuloda PRRSV lwdansaeis PCR udafiniu faanunsnundia ladalénig
e ldaniduszazinamuil

Tuelsusidug argvinniaifiuimenluulgnsusazatfuies (Parity) a1duviesay
5 fivtne sanfulilAecnatias 30 Aaaene nIvaYN°) 4-6 Rau e LRI
ANNANDVBIADIUNINNINDHANTULIDIEIUNENT NITUEUNLAaTATIA9E4NT
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WU sA-aanuNA (All-in/all-out) 1iaanTan 1an19AAReIENI194NIA98NY
wazilan1annlseFeu ennANETaIALATENLTEe

A dudInsuilaslsmn PRRS
Yo = I's ' o a vy v v dl a a a 1 o o a
s A pEuNanfafagtalTalfusaluEaslsc@nanin a0 iy hfaludptu
Tdmsaiuansiugnszualuviiy wazanaiianisnanasiug atnalsfinn Tnavialiudo
Yaduau170 19 lun1711a9iue1N19N19AADRNTI9B N7 LUNI AU la Az v

6

A o dll o o = a dgj 1 E v 4 1 o
auug endnilaands Sagualameduliacsldlugnsduiiasuazgnaneiug

luwignsannassandndusiadedustnaien 2 aAf sinsiuednelien 1 e e
athatiaereuiiasnaniduszasnauiufeunsudannnisasdaduduiiass
annsineanlaesdaresinduiienfenfieasiinde iy wudilaiasatu
anmnsautlieglusnenieansd lisudaiuinunanudung wieunenieetauiumane
\Aau (Mengeling et al., 2003) %%fm%ummmﬁmaﬂmnzgmﬁié’?uim%mﬁmL%fa Wl
warBaselufansaemideld viefinisinseszvinevhfaidnnsinsatuludamingu

1
= 1

Aladlendaduls suinlunnsunduaiaasiiuatvizansuniaaniss aglunuziinlias

Snauttinide iy (Mengeling et al., 2003) yananitlasadAgudaiinnuanunsoEnusn
M AAansnenenciulignansls (Mengeling et al., 2003) TaFadp@uaiunsnuels
aglusenewegnsflisudatueiindedy vy bhiadaTuluidenlutige
(Christopher-Hennings et al., 1998) uﬂﬂ@’m‘ﬁqﬁﬁ:uﬁuﬁmdmﬁﬂmﬁ’ﬂ%u Azl

6

Anlsmsalafaniaonnlndinssiulofadaduvingu uarluiaonudulsadiuanasiug
(Cross protection) (Bai et al.,2016) gna l#3udp@ugtaiailuadsuanaingnsi 11
o 1 [~ [-3 = o a dy [~ o val o A U 3
Faguatafnan lugnaan nseadatudaiiluanaii il laialunszuadan liuuis 4
Fpnf uazinesniinpdnaiuniinmelnda PRRSV ANNassNnA (Dottietal., 2011)
o o o o X = o A Aa v -
Laznasandagu PRRS Waiily anadlsaunsndauainqadnniag udanialunifu
se@nTnnae9iAdn PRRS diaiamnneAaud19n1aniiledauinauny

A

1Ry InadIaInnI2anTATUINAEaRTLINWIN A2l NUNITAALAUDINI

ke

NHANTY usaznuNTNNIBIBsLaURLBANAIAINRATATUNTL AU luATINdeY atingls
ol

W lunnedfiRnuddagualindeneluatosannisgaidaainisa PRRS &
nnsandrdusiamenaliiuuignineunaan 1 wew wisnlaiuautianlunng

DRSO A av o , o > = C @ o =
nezfuliudgnslnidunugs uavtnananllfafugnlaninign usatnglsfiniudsd

a a
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e aialuiaengngnegaun uddnasigidnniuainudgefinu (Nilubol et al.,
2004)

ludszinalny $5a3ulsn PRRS siadeidufidnmiraatsgnnguunasaus
W.A. 2548 g 2 A Aa Ingelvac PRRS™ MLV (Boehring Ingelheim Vetmedica Inc.,
St. Josept, Missouri, USA) %uﬂﬂfﬁzﬁm%umﬂﬁuﬁ@Lu"?‘mﬁLLﬂﬂié’m%mﬂmnﬂi:mﬁ
anigeLasnn (VR-2332) mer's”m%uémﬂumaﬁuﬁqiaﬂ AMERVAC™ (Laboratorios
Hipra, Girona, Spain) ulafadAtuiiuenldanniszmegily Em%umﬁm%@mﬂmmﬁuﬁ
#1391 Suipravac PRRS™ (Laboratorios Hipra, Girona, Spain) saluspduntiaming
lszimnalnedsus w.a. 2538

AT PRRS ﬁﬁ@%uj AR d e lusnsszmALi Ingelvac ATP™ (Boehring
Ingelheim Vetmedica Inc., St. Josept, Missouri, USA) namnanntada PRRSV AiAAN2
nanEufes VR-2332 dufianisszinelutlssimaansgaining Wil wa. 2539 Taty
siatiuuzin il luanseng lsifin 18 dUn dousaduslindeiduaneiugesidng
PRIME PAC (Intervet/Schering-Plough Animal Health) &elaifidnvminelusiasnannudn
flpeannileymn desavisiis uenannilgeiidnduelinde duanewugalsy Porcillis PRRS
(Intervet Inc., The Netherlands) 'Tﬂ%umﬁm%ﬂmm’mﬁuﬁﬂLsﬁm PRRomiSe (Intervet
Inc., USA) LL@%ﬂ%mjﬁmL%ﬂmﬂmmﬁufﬂiiﬂ Progressis (Merial, France) lutlaqiiuluy
dszimAanigawdnifian1dindu PRRS mﬁm‘%@mﬂmﬂﬁufﬁwﬂu%lﬁu (Autogenous
Killed vaccine)

lunausald azlinaianeimuiniszeedndy PRRS Tuudyusnee tnade
danfaiieanansamieainidulsalfededszaniam elutlaqmuldannsimun
TsnntaeldinaTulagniesinuiugisangsu (genetic engineering)
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