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 Background: Food infected with disease-causing micro-organisms is one of the 
common causes of poisoning all over the world, in under-developed countries as well as 
in countries with science and medical development (Wieneke A. A et al, 1993). 
Nowadays, the human race is facing the risk of contracting more than 200 foodborne 
diseases. Clinical symptoms vary from stomach and intestinal infection to more severe 
infection and poison with high mortality risk or complex complications, which affect 
the life of the patients. The consequences and economic loss due to foodborne diseases 
are significant and tend to increase. For instance, each year in the United States of 
America, there are around 76 million cases of infection due to contaminated food, with 
325,000 people hospitalized and 5,000 deaths. Medical expenses are estimated at 6,5 
billion dollars per year, and loss due to medical leave is estimated at 34,9 billion dollars 
per year (Mead, P.S et al, 1999).The bacteria which cause meat and food poisoning to 
human include Listeria monocytogenes, Staphylococcus aureus, Escherichia coli, 
Vibrio cholera, Salmonella, and Campylobacter. Of which, Staphylococcus aureus 
have drawn special attention, for besides the ability to cause food poisoning, they are 
also common causes of diseases on human and animals (Nema V et al, 2007).  Food 
poisoning due to Staphylococcus aureus was first noticed in 1880. Dack et al (1930) 
identified the bacteria’s enterotoxin  in the culture fluid.  Therefore, it is highly 
important to examine whether Staphylococcal Enterotoxin B (SEB) would cause blood 
infection and blood poisoning from the infected food in order to eliminate the risk 
factor and to design measures for proper management of the slaughter houses and food 
processing houses to make sure that they comply with hygiene standards. In Vietnam, 
the types of infected foods and their types of poisons vary greatly. Of which, the most 
common ones are street takes-away  (46,6%), sausagess (96,6%), gateaux (85%), and 
Pate (83,3%). It is noticeable that Salmonella and Staphylococcus aureus (S. aureus) 
are usually found in infected food (Do Ngoc Thuy, 2006). 
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INTRODUCTION 

 
Methodology: 

The fresh meat samples were collected from the central markets of Thai Nguyen, Bac Giang, Ha Tay, and 
Vinh Phuc. Chemical substances, equipment, and other laboratory fac ilities are provided by the Life Institution 
of Thai Nguyen University.  A PCR System 9700 (Applied Biosystem, USA), A Powerpac300 (Bio-Rad, USA), 
DNA (Mini-transllumminatior, Bio-Rad, USA), a camera (Amersham Pharmacia Biotech, Swiden), a Vortex 
(Mimishaker, IKA, Germany), a Speed-Vac 110A, a centrifuge, a Gen Pulser, and other equipments are from 
the Department of Environmental Bio-Technology and  the Key Laboratory of Genetic Technology of the 
Institute of Bio-Technology. The specific primers used for the PCR reaction to replicate the target gene 
segments were designed based on the standard arrangement of SEB gene segments provided by the International 
Gene Bank, and the sequence database provided by the National Center for Biotechnology Information (NCBI). 
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Table 1: The primers used in the study 
Primer Nucleotide Sequence Tm (0C) 
P - SEB - F 5’ATGTTGCACAAATCGAGTAAATTC 3’ 55,1 
P - SEB - R 5’ TCAATTATGCTCAGTTACACCACC 3’ 52,4 

 
Research methodology for laboratory complied to international standard was used in this study. 
The data were processed using  SAS (Sas 9.3.1 statistical software). 
 

RESULTS AND DISCUSSION 
 

Survey on pig slaughter and identification of S. aureus in fresh pork: 
A survey on pig slaughter and pork consumption at a number of public markets in Thai Nguyen, Bac Giang, 

Ha Tay, and Vinh Phuc. The results are shown in Table 2.  
 

Table 2: Results of the survey on pig slaughter and pork consumption at public markets in Thai Nguyen, Bac Giang, Ha Tay, and Vinh Phuc 

Places Time 
Number of 
counters 

Counters meeting 
veterinary hygiene 
requirements (%) 

Number of pigs 
slaughtered  
(pigs/day)  

X  ±  X
m

 

Average amount of 
pork consumed 
(tons/day) 

X  ±  X
m  

Thai Nguyen 4h – 20h 29 100 54,56 ± 2,12 2,39 ± 0,58 
Bac Giang 4h – 20h 27 100 55,05 ± 1,86 2,81 ± 0,19 
Ha Tay 5h – 19h 14 100 17,36 ± 1,25 0,75 ± 0,11 
Vinh Phuc 5h – 19h 18 100 22,42 ± 1,51 0,96 ± 0,16 

 
Table 2 shows that the meat markets were active from 4h00 or 5h00 to 19h00 or 20h00. This was the most 

convenient time for the consumers to go shopping. There were differences in the number of pork counters due to 
the sizes and socio-geographical characteristics of the markets. The correlation between the number of pigs 
slaughtered and the amount of pork consumed was due to the differences in the population density in the 
sampling areas.   

During the survey, it was noticed that the amount of pork consumed is significantly higher than that of other 
types of meat. Thus, pork was the main choice of the consumers. Furthermore, due to the improvement in living 
standards, the need for food with animal origines had also increased, of which pork was highest in demand.  
 
Isolating Staphylococcus aureus on the pork samples: 

From the 136 samples of fresh pork collected at the public  markets in Thai Nguyen, Bac Giang, Ha Tay 
and Vinh Phuc, 104 strains of bacteria in forms of colonies was isolated, with the ability to retain gram stain of 
S. aureus. The isolated straines were coded as S1, S2, S3 ... to S104 (Table 3, Figure 1, Figure 2). 

 
Table 3: Isolation of S. aureus from fresh pork samples 

No. Places Number of samples isolated Possitive samples Codes Rates (%) 
1 Thai Nguyen 36 27 S1 to S27 75,0 
2 Bac Giang 41 33 S28 to S60 80,4 
3 Ha Tay 29 22 S61 to S82 75,8 
4 Vinh Phuc 30 22 S83 to S104 73,3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  1: Form and color of S. aureus colony on 
Chapman Stone Agar (the colony is 
yellow) 

Fig.  2: Form and Gram stain of S. aureus  
            (Gram stain, X 1000) 
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Table 3 shows that the rate of S. aureus infection at the markets are relatively high, accounting from  73,3% 
to 80,4%. Of which, the rate of pork samples infected with S. aureus is highest at Bac Giang’s markets, 
followed by Ha Tay (75,8%), then Thai Nguyen (75,0%) and Vinh Phuc (73,3%). 
 
Identification of level of  Staphylococcus aureus infection on fresh pork: 

The amount of Staphylococcus aureus on the samples of fresh pork was identified. The results are shown in 
Table 4.   

 
Table 4: Amount of S. aureus on the fresh pork samples 

No. Place 

Areas studied 
Levels of infection in the samples not 
meeting Vietnam standards (CFU/g) 

No. of 
samples 

Possitive 
samples 

Rates 
(%) 

Samples not 
meeting 
Vietnam 
standards  

Rates 
(%) 

Lowest Highest Average 

1 TN 36 27 75,0 16 44,4 412 3,0x103 3,3x102 

2 BG 41 33 80,4 21 47,7 371 7,9x103 3,8x102 

3 HT 29 22 75,8 11 37,9 352 2,8x103 2,2x102 

4 VP 30 22 73,3 10 33,3 367 2,5x103 2,3x102 

Vietnam Technological standards TCVN 7046-2002, Number of Staphylococcus aureus≤102CFU/g 
CFU: Colony Forming Unit; TN (Thai Nguyen); BG (Bac Giang); HT (Ha Tay); VP (Vinh Phuc) 

 
Table 4 shows that the fresh pork samples found positive with S. aureus accounted for 73,3% to 80,4%. 

From 33,3% to 47,7% of the samples infected with S. aureus did not meet the technological standards, the 
highest level of which is from Bac Giang’s markets. The highest infection level was from 2,5x103CFU/g to 
7,9x103CFU/g; the lowest one was from 352CFU/g to 412CFU/g; and the average one was from  2,2x102CFU/g 
to 3,8x102CFU/g. These results were consistent with the remarks in 2.3.2 and with Le Minh Son’s finding 
(2002). S. aureus is an important indicator for identifying bacteria contamination on fresh meat. In the 
experiments, once the level of infection surpasses 102 CFU/g, the meat had been severely infected and could 
cause food poisoning and other diseases to the consumers.   

From the results above, it can be seen that the rate of S. aureus infection on fresh pork sold at some markets 
in the target provinces was  relatively high. In order to identify enterotoxin SEB in the isolated S. aureus strains, 
the biological and chemical characteristics were examined.  
 
Examination of the biological characteristics of the isolated S. aureus  strains: 

The biological characteristics of the isolated S. aureus strains were examined. The results are presented in 
Table 5.  

 
Table 5: Results of examination of the biological characteristics of the S. aureus strains 

Tests for biochemical characteristics identification 
 

Results 

No. of strains tested 
Possitive strains Rates 

(%) 
Gram stain (+) 30 30 100 
Catalase Reaction 30 30 100 
Hemolytic ability 30 29 96,6 
Coagulase producing reaction 30 30 100 
Nitrate reduction reaction   30 30 100 

 
Table 5 shows that the isolated S. aureus strains had the typical biological characteristics as described in 

classic literature: retaining the violet color of Gram stain (+), having positive calatase reaction, and producing 
coagulase which makes plasma coagulated.  The isolated S. aureus strains have high hemolytic ability (29/30 
strains, which accounts for 96,6%); and can reduce nitrate into nitrit. 
 
Results on virulence identification of the isolated S. aureus: 

The laboratory mice were used for testing virulence of the isolated S. aureus strains in the laboratory of 
Vietnam Military Medical University. The results shows that after 48 hours of virulent challenge, the isolated S. 
aureus strains caused the death of up to 85% of the tested mice, which showed high virulence in them. The 
result was the foundation for further identification of enterotoxin of the isolated S. aureus, by using the 
methodology of encoded gene sequencing for the protein of enterotoxin S. aureus with high virulence on the 
tested mice. 
 
PCR results and gene sequencing of enterotoxin B of Staphylococcus aureus strain isolated: 
Results on total DNA extraction: 

The total DNA of S. aureus were extracted using the extraction process of kit QIAamp DNA Minikit. 
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After being extracted, the total DNA was washed with alcohol 70% and dried. Then, it was left to resolve 
100 µl of deionized water. In order to be sure that the extracted total DNA products of the ten bacteria samples  
would satisfy the requirements of the experiments that followed, the total DNA’s density was quantified and 
purity was measured by spectrophotometry (OD measurement). 

Ten randomly selected samples  were measured, of which, four have the required DNA density and purity 
(Table 6; Figure 3). 

 
Table 6: OD measurement results of four S. aureus strains 

No. Samples DNA density (ng/μl) Purity (260/280) 
1 M5 13,9 1,89 
2 M38 88,1 1,82 
3 M62 14,1 1,95 
4 M99 72,9 1,77 

  
 
 
 
Notes: 
Well 1: Total DNA of S5 strain 
Well 2: Total DNA of S38 strain 
Well 3: Total DNA of S62 strain 
Well 4: Total DNA of S99 strain 
 

 
Fig. 3: Electrophoresis image of Total DNA product 

 
The Electrophoresis results in figure 3 showed that the Total DNA of the four S. aureus strains isolated 

were clear, and had no extra stripes. The OD measurement results of the three DNA in Table 6 show the rates of  
A260nm / A280nm, which is from 1,8-2,0. Thus, all the four S. aureus strains satisfied the requirement to  replicate  
SEB gene segment by PCR technique. 
 
SEB gene replication: 

After Total DNA of the S. aureus strains was extracted, PCR technique was used to replicate SEB gene 
segment with the primers P-SEB-F and P-SEB-R. 

The components of PCR reaction and the temperature cycle  was described in 2.4.6. When the PCR product 
was available, they were examined by Electrophoresis on agarose gel 1%. The result is shown in Figure 4. 

A reaction of a case-control negative (-) sample with distilled water was carried out at the same time with 
the main reaction. It was a sample with all the components of PCR reaction, only the DNA was replaced with 
distilled water. After Electrophoresis had been performed, no band had a negative (-) well (Figure 4). This 
showed that the samples were not mixed with other DNA. The main purpose of the case-control negative sample 
was to conclude whether the DNA band was the target one or it was from a foreign body which got into the 
samples during the experiment by the performer, or from the tool or the chemicals used.  

The Electrophoresis image in Figure 4 showed that all the PCR products of the four S. aureus strains were 
unique, clear, and did not have extra stripes, with the size of about 336 bp as calculated. A number of studies on 
SEB gene segment replications had been performed with positive results. Therefore, the results obtained in this 
research were similar to ones published nationally and internationally. The PCR products of the S. aureus strains 
were used in other studies.  
 
Purification of PCR product: 

To ensure that the PCR products had the required quality for the DNA sequencing reaction, they were 
purified using the AccuPrep® Gel Purification Kit (Bioneer – Korea). Purification results were shown in Figure 
5. After being purified, the PCR products were examined with Electrophoresis on agarose gel 1%.  

Figure 5 showed that the purified DNA had the size of about 336 bp, which was the same as the sized 
calculated. 
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Notes: 
M: Marker 1kb, Fermentas, USA 
(-): Case-control negative sample 
Well 1: PCR product of S5 bacteria 
Well 2: PCR product of S38 bacteria 
Well 3: PCR product of S62 bacteria 
Well 4: PCR product of S99 bacteria 

 
Fig. 4: Electrophoresis image of PCR product with replicated SEB gene in the S5, S38, S62, and S99 samples 

 

 

 
 
 
 
 
 
Notes: 
M: Macker 1 kb, Fermentas, USA 
Wells 1- 4: The purified DNA 

 
Fig. 5: Electrophoresis image of the purified DNA  

 
DNA sequencing and analysis of the gene SEB of S. aureus bacteria: 

The nucleotides order of the SEB gene of S. aureus was identified by ABI PRISMR 3100 Avant Genetic 
Analyzer. After the sequence had been idenfitied, it was compared to other results published by the NCBI. 

The results were as followed: 
 
Nucleotides sequence of SEB S5 strain: 

caggttgtgg atatgaagtt ttgtatgatg ataatcatgt atcagcaata aacgttaaat 
ctatagatca atttctatac tttgacttaa tatattctat taaggacact aagttaggga 
attatgataa tgttcgagtc gaatttaaaa acaaagattt agctgataaa tacaaagata 
aatacgtaga tgtgtttgga gctaattatt attatcaatg ttatttttct aaaaaaacga 
atgatattaa ttcgcatcaa actgacaaac gaaaaacttg tatgtatggt ggtgtaactg 
agcataattg aaaaa     
 

Table 7: Similarity of  SEB of S5 with that of the of ther S. aureus strains published by the NCBI 
No. Name of the gene sequence similar to that of SEB gene Code on NCBI Similarity rate 

(%) 
1 Staphylococcus aureus subsp. aureus M013, complete genome  

CP003166.1 
 
96% 

2 Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
PM36 

 
AB479118.1 

 
96% 

3 Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
OS7 

 
AB479116.1 

 
96% 

 
4 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
NN43 

 
AB462487.1 

 
96% 

 
5 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
PM1 

 
AB479117.1 

 
96% 

 
6 

Staphylococcus aureus strain CMCC 26075 enterotoxin B gene, partial 
cds 

 
AY856382.1 

 
96% 

 
7 

Staphylococcus aureus enterotoxin B (seb) gene, partial cds  
AY852244.1 

 
96% 

 
8 

Staphylococcus aureus subsp. aureus COL, complete genome  
CP000046.1 

 
96% 
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9 

Staphylococcus aureus pathogenicity island 3, complete sequence  
AF410775.1 

 
96% 

 
10 

Staphylococcus aureus enterotoxin B gene, complete cds  
M11118.1 

 
96% 

 
Table 7 showed that the similarity of SEB gene of S5 strain to that of others published by the NCBI was 

96%. Thus, the finding in this study is consistent to that of others. 
 
Sequence of Nucleotides SEB, S38 strain: 

ctggatttga tggaaatata gaaagttttg tatgatgata atcatgtatc agcaataaac 
gttaaatcta tagatcaatt tctatacttt gacttaatat attctattaa ggacactaag 
ttagggaatt atgataatgt tcgagtcgaa tttaaaaaca aagatttagc tgataaatac 
aaagataaat acgtagatgt gtttggagct aattattact atcaatgtta tttttctaaa 
aaaacgaatg atattaattc acatcaaact gacaaacgaa aaacttgtat gtatggtggt 
gtaactgagc ataattgaaa gaa    
 

Table 8: Similarity of SEB gene of S38 to other S. aureus strains published by the NCBI 
No. Name of the gene sequence similar to that of SEB gene Code on NCBI Similarity rate 

(%) 
 
1 

Staphylococcus aureus strain F155 enterotoxin B precursor (seb) gene, 
complete cds 

 
DQ997831.1 

 
99% 

 
2 

Staphylococcus aureus strain F136 enterotoxin B precursor (seb) gene, 
partial cds 

 
DQ997830.1 

 
99% 

 
3 

Staphylococcus aureus strain F126 enterotoxin B precursor (seb) gene, 
partial cds 

 
DQ997828.1 

 
99% 

 
4 

Staphylococcus aureus strain 339E enterotoxin seb variant gene, partial 
cds 

 
AY196689.1 

 
99% 

 
5 

Staphylococcus aureus partial seb gene for staphylococcal enterotoxin B 
precursor (SEB) 

 
AM158256.1 

 
99% 

 
6 

Staphylococcus aureus strain F127 enterotoxin B precursor (seb) gene, 
partial cds 

 
DQ997829.1 

 
99% 

 
7 

Staphylococcus aureus subsp. aureus M013, complete genome  
CP003166.1 

 
99% 

 
8 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
PM36 

 
AB479118.1 

 
99% 

 
9 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
OS7 

 
AB479116.1 

 
99% 

 
10 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
NN43 

 
AB462487.1 

 
99% 

 
Table 8 showed that the SEB gene of the S38 strain is 99% similar to that of the strains published by the 

NCBI This showed that the gene sequence of the S38 strain is similar to that of other studies. 
 
Sequence of nucleotides SEB,  S62 strain: 

atgtggtatg gaagggaact ggagagtttt gtatggtgat aatcatgtat cagcaataaa 
cgttaaatct atagatcaat ttctatactt tgacttaata tattctatta aggacactaa 
gttagggaat tatgataatg ttcgagtcga atttaaaaac aaagatttag ctgataaata 
caaagataaa tacgtacatg tgtttggagc taattattat tatcaatgtt atttttctaa 
aaaaacgaat gaattttatt cgcatccaac tgactaacga aaaacttgta tgtatgggag 
gggttccgta ctaaaagaaa aaaaaaggtg gtgtaactga gcataattga aggt 
 

Table 9: The similarity of SEB gene of S62 strain to that of other S. aureus strains published by the NCBI 
No. Name of the gene sequence similar to that of SEB gene Code on NCBI Similarity rate 

(%) 
 
1 

Staphylococcus aureus subsp. aureus M013, complete genome  
CP003166.1 

 
98% 

 
2 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
PM36 

 
AB479118.1 

 
98% 

 
3 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
OS7 

 
AB479116.1 

 
98% 

 
4 

Staphylococcus aureus seb gene for enterotoxin B, complete cds, strain: 
NN43 

 
AB462487.1 

 
98% 

 
5 

Staphylococcus aureus strain CMCC 26075 enterotoxin B gene, partial 
cds 

 
AY856382.1 

 
98% 

 
6 

Staphylococcus aureus enterotoxin B (seb) gene, partial cds  
AY852244.1 

 
98% 

 
7 

Staphylococcus aureus subsp. aureus COL, complete genome  
CP000046.1 

 
98% 
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8 

Staphylococcus aureus pathogenicity island 3, complete sequence  
AF410775.1 

 
98% 

 
9 

S.aureus enterotoxin B gene, complete cds  
M11118.1 

 
98% 

 
10 

Staphylococcus aureus strain F127 enterotoxin B precursor (seb) gene, 
partial cds 

 
DQ997829.1 

 
98% 

 
Table 9 showed that the SEB gene of the S62 strain was 98% similar to that of the strains published by the 

NCBI, which means that the sequence of the SEB gene of the S62 strain is a correct one. 
 
Sequence of nucleotides SEB, S99 strain: 

ctggatttga tggaatatga aagttttgta tgatgataat tatgtatcag caataaacgt 
taaatctata gatcaatttc tatactttga cttaatatat tctattaagg acactaagtt 
agggaattat gataatgttc gagtcgaatt taaaaacaaa gatttagctg ataaatacaa 
agataaatac gtagatgtgt ttggagctaa ttattattat caatgttatt tttctaaaaa 
aacgaatgat attaattcgt atcaaactga caaacgaaaa acttgtatgt atggtggtgt 
aactgagcat aattgaa     
 

Table 10: Similarity of  SEB of the S99 strain to that of other S. aureus strains published by the NCBI 
No. Name of the gene sequence similar to that of SEB gene Code on NCBI Similarity rate 

(%) 
 
1 

Staphylococcus aureus subsp. aureus M013, complete 
genome 

 
CP003166.1 

 
100% 

 
2 

Staphylococcus aureus seb gene for enterotoxin B, complete 
cds, strain: PM36 

 
AB479118.1 

 
100% 

 
3 

Staphylococcus aureus seb gene for enterotoxin B, complete 
cds, strain: OS7 

 
AB479116.1 

 
100% 

 
4 

Staphylococcus aureus seb gene for enterotoxin B, complete 
cds, strain: NN43 

 
AB462487.1 

 
100% 

 
5 

Staphylococcus aureus seb gene for enterotoxin B, complete 
cds, strain: PM1 

 
AB479117.1 

 
100% 

 
6 

Staphylococcus aureus strain CMCC 26075 enterotoxin B 
gene, partial cds 

 
AY856382.1 

 
100% 

 
7 

Staphylococcus aureus enterotoxin B (seb) gene, partial cds  
AY852244.1 

 
100% 

 
8 

Staphylococcus aureus subsp. aureus COL, complete genome  
CP000046.1 

 
100% 

9 Staphylococcus aureus pathogenicity island 3, complete 
sequence 

 
AF410775.1 

 
100% 

10 S.aureus enterotoxin B gene, complete cds M11118.1 100% 

  
Table 10 showed that the S99 strain had an absolute level of similarity to that of other strains published by 

the NCBI, which is 100%. This is also the one with the highest level of similarity of the four S. aureus strains 
studied, which are S5, S38, S62, and S99. 

After studying the four bacteria strains with SEB gene, it is noted that each strain had a different level of 
similarity to the ones studied and published by NCBI: S5: 96%, S62: 98%, S38: 99%, and S99: 100%. These 
findings are consistent to those of other studies worldwide.  

The results also show initial success of applying nuclear biology in studying SEB gene sequence of the food 
poisoning causing bacteria. This gene sequencing can be used for identifying the S. aureus with B poinson in 
Vietnam. Applying gene sequencing would reduce the time for disease dianogsis to about 4-7 days instead of 1-
2 months using traditional methods.  
 
Identification of sensititvity to antibiotics and other chemicals of the isolated Staphylococcus aureus strains: 

Sensitivity of four S. aureus strains isolated with high virulence and bear SEB gene replication with several 
common antibiotics and chemicals. The results are shown in Table 11.  

 
Table 11: Sensititvity test of S. aureus to antibiotics and other chemicals 

No. Antibiotics and chemicals 
No. of strains 
tested 

Level of sensitivity 
Highly sensitive Average sensitive Resistant 
+ % + % + % 

1 Ceftazidime 4 0 0 2 50,0 1 25,0 
2 Colistin 4 0 0 1 25,0 2 50,0 
3 Gentamicin 4 2 50,0 2 50,0 0  
4 Enrofloxacin 4 0 0 1 25,0 3 75,0 
5 Neomicin 4 0 0 1 25,0 3 75,0 
6 Norfloxacin 4 0 0 2 50,0 2 50,0 
7 Spectinomycin 4 1 25,0 3 75,0 0 0 
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8 
Trimethoprim/Sulfamethoxazol
e 

4 2 50,0 2 50,0 0 0 

9 Doxycycline 4 3 75,0 1 25,0 0 0 
10 Clindamycin 4 2 50,0 2 50,0 0 0 
11 Penicillin 4 0 0 1 25,0 3 75,0 

 
Table 11 showed that 75% of the tested S. aureus strains were highly sensitive to Doxycycline, 50% were 

highly sensitive to Gentamicin, Clindamycin and Trimethoprim/Sulfamethoxazole, 25% were highly sensitive to 
Spectinomycin;  75% were resistant to Enrofloxacin, Penicillin, and Neomycin; 50% were resistant to 
Norfloxacin and Colistin; and 25% were resistant to Ceftazidime. 

 
Conclusion: 

- 104 S. aureus strains were isolated from 136 fresh pork samples sold at the public market, which account 
for 73,3% to 80,4%; 33,3% to 47,7% of the samples was infected with S. aureus, which did not comply to the 
Vietnam standards TCVN 7046-2002. The highest infection rate was from 2,5x103CFU/g to 7,9x103CFU/g; the 
lowest infection rate was from 352CFU/g to 412CFU/g; and the average infection rate was from 2,2x102CFU/g 
to 3,8x102CFU/g. 

- The S. aureus strains isolated bore the typical biological characteristics as described in classic literature. 
They had high virulence, which caused the dead of up to 85% of the tested mice.  

- Four S. aureus strains were identified with the PCR size of about 336 bp as calculated of the SEB gene 
segment. Of which, each strain had a different level of similarity to the strains studied and published by NCBI  
(NCBI) (S5: 96%, S62: 98%, S38 : 99%, and S99 : 100%. 

- 75% of the tested S. aureus strains were highly sensitive to Doxycycline, 50% were highly sensitive to 
Gentamicin, Clindamycin, and Trimethoprim/Sulfamethoxazole, 25% were highly sensitive to Spectinomycin; 
75% were resistant to Enrofloxacin, Penicillin, and Neomycin; 50% were resistant to Norfloxacin and Colistin; 
and 25% were resistant to Ceftazidime. 
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Appendix : 
Design of Primers Staphylococcus aureus enterotoxin B (seb) gene, partial cds : 

GAGAGTCAACCAGATCCTAAACCAGATGAGTTGCACAAATCGAGTAAATTCACTGGTTTGATG
GAAAATA 

TGAAAGTTTTGTATGATGATAATCATGTATCAGCAATAAACGTTAAATCTA TAGATCAATTTCT
ATACTT 

TGACTTAATATATTCTATTAAGGACACTAAGTTAGGGAATTATGATAATGT TCGAGTCGAATTT
AAAAAC 

AAAGATTTAGCTGATAAATACAAAGATAAATACGTAGATGTGTTTGGAGCT AATTATTATTAT
CAATGTT 

ATTTTTCTAAAAAAACGAATGATATTAATTCGCATCAAACTGACAAACGAA AAACTTGTATGT
ATGGTGG 

TGTAACTGAGCATAATGGAAACCAATTAGATAAATATAGAAGTATTACTGT TCGGGTATTTGA
AGATGGT 
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AAAAATTTATTATCTTTTGACGTACAAACTAATAAGAAAAAGGTGACTGCT CAAGAATTAGAT
TACCTAA 

CTCGTCACTATTTGGTGAAAAATAAAAAACTCTATGAATTTAACAACTCGC CTTATGAAACGG
GATATAT 

TAAATTTATAGAAAATGAGAATAGCTTTTGGTATGACATGATGCCTGCACCAGGAGATAAATT
TGACCAA 

TCTAAATATTTAATGATGTACAATGACAATAAAATGGTTGATTCTAAAGAT GTGAAGATTGAA
GTTTATC 

TTACGACAAAGAAAAAGTGA 
 
ESQPDPKPDELHKSSKFTGLMENMKVLYDDNHVSAINVKSIDQFLYFDLIYSIKDTKLGNYDNVRV

EFKNKDLADKYKDKYVDVFGANYYYQCYFSKKTNDINSHQTDKRKTCMYGG VTEHNGNQLDKYRSI
TVRVFEDGKNLLSFDVQTNKKKVTAQELDYLTRHYLVKNKKLYEFNNSPYE TGYIKFIENENSFWYD
MMPAPGDKFDQSKYLMMYNDNKMVDSKDVKIEVYLTTKKK* 

 
A segment of gene encoding four desired histidines only (336 nucleotides, 112 codons): 

TTGCACAAATCGAGTAAATTCACTGGTTTGATGGAAAATA 
TGAAAGTTTTGTATGATGATAATCATGTATCAGCAATAAACGTTAAATCTA TAGATCAATTTCT

ATACTT 
TGACTTAATATATTCTATTAAGGACACTAAGTTAGGGAATTATGATAATGT TCGAGTCGAATTT

AAAAAC 
AAAGATTTAGCTGATAAATACAAAGATAAATACGTAGATGTGTTTGGAGCT AATTATTATTAT

CAATGTT 
ATTTTTCTAAAAAAACGAATGATATTAATTCGCATCAAACTGACAAACGAA AAACTTGTATGT

ATGGTGG 
TGTAACTGAGCATAAT 
 

Primers used for amplifying a segment of gene encoding four desired histidines: 
P-SEB-F: 5’ ATG TTGCACAAATCGAGTAAATTC 3’ (24 mer) 
p-SEB-R: 5’ TCAATTATGCTCAGTTACACCACC 3’ (24 mer) 
 
 
 
 


