
 

 

Introduction 
 
Streptococcus suis is commonly known as a 
veterinary pathogen that affect swine popula-
tion causing fever, meningitis, septicemia, ar-
thritis, polyserocitis, anorexia, endocarditis and 
sudden death [1].  In recent years, this bacte-
rium has increasingly become an important 
zoonotic pathogen and an organism of food 
safety and general human health concern [2,3]. 
Human infections are often due to occupational 
exposure to pigs or pork products or consump-
tion of under cooked pork [1-4]. Clinical mani-
festations in humans are similar to those ob-
served in pigs such as fever, meningitis, septice-
mia and endocarditis. In addition, human infec-
tions can result in toxic shock, permanent hear-
ing loss and colon carcinoma [1,2,5-10].  
 
Recently, the incidence of S. suis infection in 
humans increased significantly world-wide lead-
ing to over 200 reported cases. Some of the 
countries with reported  human infections in-

clude Austria, Canada, China, Croatia, Denmark, 
Germany, Greece, Hong Kong, Italy, Japan, Sin-
gapore, Spain, Taiwan, Thailand, New Zealand, 
Thailand, United Kingdom, United States and 
Vietnam [2,5,8,11, 12-25]. Two outbreaks of 
severe acute disease in humans with high mor-
bidity and mortality were reported in China. The 
first occurred in 1998 in which 14 persons died 
out of 25 cases and the second occurred in 
2005 and of 204 cases 38  deaths were re-
ported [2,26]. The 2005 outbreak reportedly 
was caused by a more invasive strain of S. suis 
serotype 2 that produced clinical symptoms 
characterized with deep-tissue infection, acute 
high-fever, vascular collapse, hypotension, mul-
tiple organ failure, toxic shock syndrome (TSS), 
as well as short course of disease [2]. By ge-
nome sequencing and comparative genomics, 
the 2005 outbreak strain (strain 05ZYH33) and 
the 1998 strain (strain 98HAH12) reportedly 
possess a unique pathogenicity island (PAI) of 
approximately 89-kb in length that are thought 
to be responsible for the highly virulent pheno-
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type and induction of the toxic shock [2].   
 
At present, there is no information available in 
the United States regarding the presence or 
absence of the Chinese-like outbreak strain. 
Due to the magnitude of the outbreak, severity 
of the disease, and concern that the strain may 
have crossed international boundaries it was of 
interest to screen S. suis isolates from regions 
within the United States in an effort to start 
monitoring its presence or lack of within the 
country. For this purpose, we employed the poly-
merase chain reaction (PCR) method using 
primers that targeted the PAI of the 2005 Chi-
nese outbreak strain to screen isolates of S. 
suis recovered from naturally infected  pigs in 
the Mid-Western region for the presence of the 
PAI homologue.    
 
Materials and methods 
 
Bacterial isolates and media 
 
Two hundred and ninety veterinary clinical iso-
lates of S. suis strains used in this study were 
obtained from the midwestern states of the 
United States. They were recovered from differ-
ent body parts of infected pigs submitted to 
Veterinary Diagnostic Laboratories in the States 
of Iowa, Kansas, Wisconsin, and Minnesota for 
routine culture. The identity of the isolates was 
verified by standard and molecular methods 
[27].  The DNA of strain 05ZYH33 involved in 
recent Chinese human outbreaks [2] was ob-
tained from Jiaqi Tang, East China Research 
Institute of Medical Biotechnics, Nanjing, China.   
 
DNA extraction 
 
Lysis by a boiling method was used to release 
DNA for the PCR screening as described else-
where [27]. In some cases, BIO-RAD Aqua pure 
Genomic DNA Kit for Gram-positive bacteria 
(BIO-RAD, Hercules, CA) was used following 
overnight culture in Todd-Hewitt broth or on 
trypticase soy agar plates (TSA) containing 5% 
sheep blood. 
  
PCR 
 
To control for failure of DNA amplification, con-
firm reliability of the PCR assay and confirm the 
identity of the S. suis isolates the oligonucleo-
tidesJP4 (5’-GCAGCGTATTCTGTCAAACG-3’) and 
JP5 (5’-CCATGGACAGATAAAGATGG-3’) were 

used as primers to target and amplify a 688-bp 
region of S. suis conserved housekeeping gene 
[27] in a multiplex PCR format. The oligonucleo-
tides CH1 (5’-CACGCATCTCGTAGAGTTTGAC-3’) 
and CH2 (5’-AGATTGCGAGGCTTTTAGATTG-3’); 
CH3 (5’-TCGCCACTATGGTATCTGCTTA-3’) and 
CH4 (5’-GATTGTGGACCATGCTGTTTAG-3’); CH5 
(5’-ATAAATAGCCCCATCCTCATCA-3’) and CH6 (5’-
GGGTAGCTGCTTAGTGCTACAA-3’) [2] were de-
rived from portions of the PAI-like segment of 
strain 05ZYH33 involved in the 2005 Chinese 
outbreak. The CH1 and CH2 primer pair would 
result in the amplification of a 1800-bp frag-
ment flanking the 5’ region of the PAI; CH3 and 
CH4 would result in the amplification of a 716-
bp fragment internal and unique to the PAI seg-
ment; and CH5 and CH6 would result in the am-
plification of a 1000-bp region flanking the 3’ 
end of the PAI [2]. Amplification reactions were 
performed in a total volume of 50 µl containing 
10 mM Tris-HCL (pH 8.3); 1.5 mM MgCl2; 50 
mM KCl; 0.001% gelatin; 200 µM of each de-
oxynucleoside triphosphate (dATP, dCTP, dGTP, 
dTTP); 0.5 µM of each primer; 2.5 U of Taq poly-
merase (Applied Biosystems; Forster City, CA) 
and 5 µl of template. The PCR assay was carried 
out in an Applied Biosystems 9700 thermocy-
cler, comprising 5 min of pre-incubation at 
94oC, followed by 35 cycles of 1 min at 94oC, 1 
min at 55oC and 1 min at 72oC. Final extension 
was performed for 7 min at 72oC. DNA from 
strain 05ZYH33 was used as the positive con-
trol. The negative control was a reaction mixture 
containing all reagents but no DNA template. 
The PCR products were visualized by electro-
phoresis on a 0.7% agarose gel following stan-
dard procedures [28].  
 
Nucelotide sequence determination 
 
The nucleotide sequences of the PCR products 
of the United States isolates that were positive 
for any of the primers were determined using 
the Sanger di-deoxy chain termination method 
[28]. The primers used for PCR amplification 
were the same primers as those used for the 
sequencing reactions. Sequences were assem-
bled, and multiple sequence alignment were 
performed against strain 05ZYH33 using Vector 
NTI AlignX (Invitrogen, Carlsbad, CA).  
 
Nucleotide sequence accession number 
 
The GenBank accession number for the nucleo-
tide sequences of the PCR products of the 
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United States isolates with primer combinations 
CH1 and CH2,   CH5 and CH6 reported in this 
paper are  HQ713676 and HQ713677 respec-
tively. 
 
Results  
 
To be considered a match with strain 05ZYH33, 
DNA of test isolate must yield similar PCR prod-
uct with primers CH1/CH2; CH3/CH4 and CH5/
CH6. In addition, the nucleotide sequences of 
the PCR product must match that of strain 
05ZYH33. Results are summarized in Table 1. 
All of the 290 isolates screened were positive 
using primers JP4 and JP5 (internal positive 
control and species specific primer) and pro-
duced the expected 688-bp product (Fig 1) in 
the multiplex PCR format. Elimination of JP4 
and JP5 primers from the reaction mixture did 
not change results (data not shown).  These 
observations indicated that the isolates tested 
were correctly identified as S. suis, and that the 
PCR assay contained no inhibitory substance.  
  
Primers CH5 and CH6 amplified the predicted 
1000-bp fragment from strain 05ZYH33 

(positive control) and from 47 (16%) of the 
United States isolates (Table 1; Figure 1). Nu-
cleotide sequence determination and analysis 
of the amplicon of 10 of the 47 positive isolates 
selected randomly revealed minor base-pair 
substitutions resulting in approximately 98% 
identity with the nucleotide sequence of the 
positive control strain (data not shown). Primers 
CH1 and CH2 amplified an 1800-bp fragment 
from strain 05ZYH33 and from 23 (8%) of the 
United States isolates. As in the previous case 
nucleotide sequence determination and analy-
sis of 10 of the 23 positive isolates showed 
98% identity with the nucleotide sequence of 
the positive control strain (data not shown). 
Taken together, 22 (7%) of the United States 
isolates and strain 05ZYH33 gave positive re-
sults with the two primer sets. Unlike the CH1/
CH2 and CH5/CH6 primers, CH3 and CH4 am-
plified the expected 716-bp fragment from 
strain 05ZYH33 but failed to yield detectable 
product from the DNA of any of the United 
States isolates (Table 1). Changing stringency of 
the PCR assay or using southern blot and hy-
bridization analysis with the PCR products of 
strain 05ZYH33 as probes did not change re-

Table 1. Results summary of the 290 United States isolates of S. suis screened by PCR using the three 
different primer sets described in this study 

Number of Isolates 
Positive for CH1/
CH2 primers 

Number of Isolates 
Positive for CH3/CH4 
primers 

Number of Isolates 
Positive for CH5/
CH6 primers 

Number of Isolates 
Positive for CH1/
CH2 and CH5/CH6 
primers 

Total Number of 
Isolates Screened 

23 (8%) 0 (0%) 47 (16%) 22 (7%) 290 

 

Figure 1. Example of the multiplex PCR results. Lanes: M, molecular size standard; 1, strain 05ZYH33 (positive con-
trol); 2, negative control; 3-13, United States isolates of S. suis serotype 2.  



Absence of Chinese-like S. suis PAI in the United States isolates  

 
 
59                                                                                                    Int J Mol Epidemiol Genet 2011:2(1):56-60 

sults (data not shown).   
 
Discussion 
 
Streptococcus suis is an emerging zoonotic 
pathogen with incidences reported globally. Al-
though variation in the degree of virulence 
amongst strains of S. suis have been shown, 
the nature and magnitude of a recent outbreak 
in China caused by strain 05ZYH33 has in-
creased awareness and worldwide concern. 
Thus, development of strategies to track and 
contain the spread of this highly pathogenic 
strain is desirable.  
 
We included primers JP4/JP5 in this study be-
cause they have been shown previously to be 
specific and conserved amongst strains of S. 
suis encompassing all capsular types [27]. Be-
cause the DNA of all isolates used in this study 
could be amplified by the set of primers in a 
multiplex PCR format, it indicated that the iso-
lates tested were correctly identified as S. suis, 
and that the PCR assay contained no inhibitory 
substance. In our previous study we demon-
strated the existence of genetic heterogeneity 
amongst S. suis isolates [29]. Our findings in 
this work also revealed genetic differences 
amongst the isolates tested. In total, 22 (7%) of 
the United States isolates gave positive results 
with two of the three primers,  indicating some 
genetic similarity between those United States 
isolates and the Chinese outbreak strain  in the 
DNA region tested.  
 
Strain 05ZYH33 reportedly possess a unique 
pathogenicity island-like (PAI) segment of ap-
proximately 89-kb in length that are thought to 
be responsible for the highly virulent phenotype 
and induction of the toxic shock in infected hu-
mans and high mortality in pigs. Primers CH3/
Ch4 are internal to the PAI DNA segment and 
specific to strain 05ZYH33, the cause of the 
2005 outbreak in China as determined by whole 
genome sequencing [2]. Thus, the lack of ampli-
fication of DNA with these primers indicated the 
absence of the PAI-like DNA homologue in S. 
suis isolates of the United States origin 
screened.   
 
In conclusion, the approach we used in this 
study may facilitate epidemiological investiga-
tions and surveillance of the highly pathogenic 
strain of S. suis.   
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