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Abstract— To isolate Streptococcus suis serotype 2 from minced pork, pork meat, fresh pig blood, liver and other offal, 320 samples were 

collected from 8 sub-districts in Khon Kaen province from January to May, 2013. Isolation was done by direct plating technique using 

selective media with antibiotic supplement. S. suis serotype 2 isolates were examined to species level by multiplex PCR. Forty one isolates 

were identified as S. suis serotype 2. Prevalent rate did not depend on areas (p>0.05). Overall prevalent rate was moderate at 12.8%. The 

occurrence in fresh pig blood were highly significant different (p<0.01) from other tissue types, and heavily contaminated at  24.6%.  Minced 

pork samples, were least contaminated at 2.7%. This is the first report in fresh pork and pork related samples in northeastern Thailand. 

Traditional custom of consuming raw pork dishes which included fresh pig blood were normally practiced among Thai popular in the 

northeastern region. Therefore, control measure must be strengthened. In addition, antimicrobial susceptibilities of the isolates were tested 

using disk diffusion technique. Inhibitory zone diameters in millimeter for amoxicillin (AML), cephalexin (CL), gentamycin (CN), penicillin G 

(P), and tetracycline (TE) were measured. It is noted that CN is the most susceptible drug (93.6%) compared with 4 other drugs tested 

against S. suis serotype 2, followed by AML (90.3%), CL (67.7%), P (51.6%), and TE (16.3-35.5%) by in vitro technique. There was 

significant different between resistance and non-resistance (p<0.01) where majority of the isolates were susceptible to the tested drugs. 

Index Terms— antimicrobial, multiplex PCR, northeastern Thailand, pork, resistance, Streptococcus suis serotype 2   

——————————      —————————— 

1 INTRODUCTION                                                                     

treptococcus suis is a gram-positive cocci, its infection in 
pigs is reported worldwide, from North America to South 

America, Europe, Asia, Australia, and New Zealand which 
causes problems including mortality in humans consuming 
infected products [1]. Healthy pigs can carry multiple sero-
types, but serotype 2 is the most important for humans [2], [3], 
[4]. An outbreak of S. suis infection occurred in Sichuan Prov-
ince, China, during July and August 2005, of which involved 
215 cases and 38 deaths [5]. A large series of 151 S. suis sero-
type 2 meningitis cases was found in southern Vietnam over a 
10-year period [6]. Human S. suis infections are most often 
reported from countries where pig-rearing is common, this 
included Thailand where there is a high density of pig farms. 
In Thailand, infections are sporadic, case fatality rate for 
adults were 9.5%, primarily in northern Thailand [7], and 
16.1% in Phayao Province in 2012 in northern Thailand [4].  
This showed an increasing trend of the incidence in northern 
Thailand.  An outbreak of S. suis infection including 29 labora-
tory confirmed cases occurred in the Phu Sang District, 
Phayao Province, in northern Thailand in April and May, 2007 
[8]. Specimens used in most researches were live animals, their 
viscera, and discharges such as tonsils, livers, and spinal flu-
ids. However, there is little information available regarding 
the situation in the northeast of Thailand, in terms of preva-

lence of the infection in products consumed by humans. 
Therefore, the present study was carried out on the basis of 
capsular polysaccharides, 35 serotypes of S. suis have been 
identified [9], [10]. Of these, serotype 2 is the most prevalent 
type in humans infected with this pathogen [2], [11]. Molecu-
lar techniques with a S. suis serotype 2-specific PCR have been 
developed, and improved the detection of S. suis cases in Asia 
with the cps2J gene as a target gene [6], [12]. Since this is readi-
ly available, and accurate, we applied this approach here. 
Minced pork, pork meat, fresh pig blood, liver and other offal 
were chosen as samples since these are commonly consumed. 
It is well established that strains of Streptococcus spp. can be-
come resistant to antimicrobial drugs such as tetracycline, 
erythromycin, and chloramphenicol [6]. Penicillin resistance 
has been reported in a single human case, and in some pig 
isolates [13], [14]. In order to determine the sensitivity of the S. 
suis serotype 2 isolated from samples in Khon Kaen, north-
eastern Thailand, we also in the present study conducted a test 
of five drugs i.e. amoxicillin (AML, Oxoid), cephalexin (CL, 
Oxoid), gentamycin (CN, Oxoid), penicillin G (P, Oxoid), and 
tetracycline (TE, Oxoid) using disk diffusion technique [15], 
[16], [17]. In order to avoid possible bias between sites, we 
selected 8 different locations where products were on sale.  

2 MATERIALS AND METHODS 

2.1 Isolations of Streptococcus spp. 

Streptococcus suis serotype 2 was isolated from minced pork, 
pork meat, fresh blood, liver and other offal. In total, 320 sam-
ples were collected from 8 sub-districts in Khon Kaen province 
from January to May, 2013. Samples were streaked onto the 
selective media with antibiotic supplement to suppress other 
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bacteria by direct plating technique onto Blood Agar plates. 
Polymyxin B sulphate (Oxoid, Hampshire, UK), and nalidixic 
acid sodium salt (Oxoid) were incorporated into the media to 
inhibit the growth of other bacteria.  

2.2 Species identification by multiplex PCR 

Streptococcus suis serotype 2 isolates were examined to species 
level using multiplex PCR. The primer pairs (Thermo Scien-
tific, Lithuania) are used i.e. 16s-195(s) (CAG TAT TTA CCG 
CAT GGT AGA TAT), 16s-489 (as2) (GTA AGA TAC CGT 
CAA GTG AGA A), cps2J-s (GTT GAG TCC TTA TAC ACC 
TGT T), cps2J-as (CAG AAA ATT CAT ATT GTC CAC C), 
CI6-s (GTT GAG TCC TTA TAC ACC TGT TAC TCA GTG 
CCG CAG CTA ACG CAT T), and CI6-as (CAG AAA ATT 
CAT ATT GTC CAC CCG ACT TCA CCC CAA TCA TCT 
ATC C), respectively.  

2.3 PCR master mix for 1 reaction 

Comprised of DDW, 3.6 µl;  2 X Phire Plant PCR buffer, 10.0 
µl; Primer 16s-195(s), Primer 16s-489 (as2), Primer cps2J-s, 
Primer cps2J-as, Primer CI6-s, Primer CI6-as, at 1.0 µl each; 
Phire Hot Start II DNA polymerase, 0.4 µl; and DNA template, 
5.0 µl, respectively. Total volume of PCR mixture was 25 µl. 

2.4 PCR conditions 

It started with denaturation of 98ºC, 5 min; and of 98ºC, 1 s; 
72ºC, 20 s; 72ºC, 1 min for 40 cycles, then 4ºC, ∞, respectively. 

2.5 Preparation of the inoculums 

Bacterial culture was standardized to McFarland Standard No. 
0.5 using sterile 0.9% (w/v) NaCl which was equivalent to 108 
CFU/ml. 

2.6 Antimicrobial susceptibility test 

Disc diffusion method was employed in this study followed 
that of CLSI [15], [16] and EUCAST [17]. The 5 selected antimi-
crobials were amoxicillin, 10 µg/ml (AML, Oxoid); cephalexin, 
30 µg/ml (CL, Oxoid); gentamycin, 10 µg/ml (CN, Oxoid); 
penicillin G, 10 µg/ml (P, Oxoid), and tetracycline, 30 µg/ml 
(TE, Oxoid). 
 

 
 

 

3 RESULTS 

Results indicated that 41 isolates were identified as Streptococ-
cus suis serotype 2 from 320 samples examined. The prevalent 
rate was 12.8% (Table 1) and the remainders were other Strep-
tococcus spp. of which not indicated as major strain causing 
illness in most countries.  

 
 
 
 
 

 
There was no significant different of the prevalent rates be-

tween the 8 areas (p>0.05). Fresh pig blood samples were 
heavily contaminated at 24.6%, and significant different were 
found between each meat type (p< 0.01). In addition, minced 
pork samples were least contaminated at 2.7% (Table 2). An-
timicrobial susceptibility test among 5 drugs were tested using 
disk diffusion technique. Among 31 isolates available for the 
drug test, inhibition zone diameters for AML, CL, CN, P, and 
TE were in the range of 6.0 - 46.0, 6.0 - 47.0, 13.5 - 39.0, 6.0 - 
47.0, and 6.0 - 40.0 mm, respectively. There were significant 
different in inhibitory zone diameters among the 5 tested anti-
biotics (p<0.01). CN was the most susceptible drug (93.6%) 
compared with 4 other drugs tested with S. suis serotype 2. 
More information is provided in Table 3. 
 

TABLE 1 
OCCURRENCES OF STREPTOCOCCUS SUIS SEROTYPE 2 IN PORK 

MEAT, BLOOD AND OFFAL COLLECTED FROM KHON KAEN PROV-

INCE DURING JANUARY TO MAY, 2013 

 

Note: p>0.05 

TABLE 2 
PREVALENCE OF STREPTOCOCCUS SUIS SEROTYPE 2 BY MEAT 

TYPES 

 

Note: p<0.01 
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4 CONCLUSION 

The occurrence of Streptococcus suis serotype 2 was found in 
pork and pork related samples especially pig blood in Khon 
Kaen province, northeastern Thailand. Locals must be educat-
ed for the safe consumption, especially pig blood where most 
people added fresh blood in their meals. Gentamycin may still 
be the drug of choice as indicated in the in vitro study 

5 DISCUSSIONS 

Present results showed that the prevalence is intermediate, at 
total of 12.8%. But varying greatly with the location (from 0.0-
31.0%), and the type of sample (minced pork 2.7 to pig blood with 
24.6%). These figures are the first for northeastern Thailand, but 
are similar to a study in Hong Kong where S. suis serotype 2 was 
isolated from 6.1% of raw pork meat from 3 of the 6 wet markets 
[18] compared to 10.8% from 8 locations (6 wet markets and 2 
superstores) in Khon Kaen, northeastern Thailand in the present 
study. In Vietnam, pork is the most important meat source, with 
more than 98.0% of households consuming pork, and they prefer 
to buy fresh pork from wet markets [19]. Mapping of pig density 
and human S. suis cases clearly suggests where S. suis is likely to 
be present, but, thus far, has not been illucidated. The study in 
Hong Kong is in accordance with the present study in that, fresh 
pig blood samples in Khon Kaen, northeastern Thailand were 
heavily contaminated (24.6%) with S. suis serotype 2. In addition, 
a study in Phayao Province, northern Thailand revealed that a 
major route of transmission during this outbreak was the con-

sumption of raw pig blood [8]. The first study here in Khon Kaen 
Province, northeastern Thailand confirmed that fresh raw pig 
blood may act as a major source for S. suis serotype 2 in the hu-
man infection. The reason behind this may be attributable to the 
fact that raw fresh pig blood from individual pig at slaughter are 
usually mixed together in one container. Therefore, after locally 
distributed to various wet markets in the area, this practice bene-
fits the wider dissemination or contamination of the uncontami-
nated fresh blood from other pigs. From the observation, some 
butchers shared the same bucket of fresh pig blood in the small 
scale wet market. This unsafe practice needs further monitoring 
and evaluation by the authority in charge. It is likely that, besides 
occupational exposure, processing or consuming uncooked or 
partially cooked pork products is also a risk factor for infection. 
Local delicacies, such as undercooked pig tonsils, intestines, or 
uterus and fresh pig blood, may also represent important sources 
of infection. Hearing loss in S. suis meningitis is sensineural, is in 
the high frequency range [18]. 

The principles of treatment are the same as those for other 
causes of bacterial meningitis. For empirical treatment, ceftriax-
one with or without vancomycin (depending on the local epide-
miology of bacterial meningitis and drug resistance) is a good 
choice until the diagnosis is laboratory confirmed. The same 
treatment dose and duration that is used for pneumococcal men-
ingitis is also recommended for S. suis meningitis i.e. ceftriaxone 
(2 g every 12 h for 14 days for adults). This has achieved a high 
cure rate of 97.0% [20], [21]. Penicillin G (24 million U over 24 h 
for at least 10 days) has been used successfully for the treatment 
of S. suis meningitis [22]. Nonetheless, 13 years later, it was noted 
from the present study that penicillin G is now approaching 
50.0% resistance by in vitro study. Cephalexin may still be pre-
scribed to S. suis serotype 2 cases but with close observation ac-
cording to the present findings. Nevertheless, gentamycin may 
still be the drug of choices. Since S. suis meningitis is one of the 
most common causes of adult meningitis in China, northern Thai-
land, and as well as in Vietnam. Increased awareness of both cli-
nicians and microbiologists is needed to fully appreciate the im-
portance of S. suis serotype 2 as a human pathogen. The recom-
mendation for further study is to assess human exposure and 
outcomes, including treatment options. 

In conclusion, this is the first report of the occurrence of S. suis 
serotype 2 in pork and pork related samples especially raw pig 
blood in Khon Kaen province, northeastern Thailand. Locals 
must be educated for the safe consumption, especially raw pig 
blood where most people added fresh in their meals. Gentamycin 
may still be the drug of choice as indicated in the in vitro study.  
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