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Brief Communication

Streptococcus suis is one of the most important bacterial 
pathogens of post-weaned piglets and is responsible for 
extensive economic losses, with sudden death, meningitis, 
endocarditis, and arthritis being the most frequent clinical 
manifestations.6 Moreover, S. suis is a zoonotic agent respon-
sible for meningitis and septic shock in humans.4,17 Serotyp-
ing, which is often part of the routine identification of S. suis 
isolates recovered from diseased pigs and humans, provides 
further confirmation regarding the identity and virulence 
potential of this pathogen. A total of 35 serotypes of S. suis 
serotypes had been originally described based on the antige-
nicity of their capsular polysaccharide (CPS).6 However, 6 of 
those serotypes have recently been classified as belonging to 
another bacterial species.8 Serotypes 20, 22, and 26 have 
been reclassified as S. parasuis, serotypes 32 and 34 as S. 
orisratti, and serotype 33 as S. ruminantium.13

Serologic typing, which is one of the most important con-
tributors to the characterization of S. suis infection, has his-
torically been performed with reference antisera using a 
coagglutination test, capillary precipitation test, or the 
Neufeld capsular reaction test.6 Some serotypes cross-react, 
indicating the presence of common antigenic determinants. 
For example, cross-reactions have been observed between 
serotype 1/2 and serotypes 1 and 2, and between serotypes 1 
and 14.5 These cross-reactions are the result of similar or 
closely related structural features of the CPS between those 

serotypes, described in 2016.14 Serotype 2 CPS contains 
galactose, glucose, N-acetylglucosamine, rhamnose, and 
sialic acid; serotype 14 CPS possesses galactose, glucose, 
N-acetylglucosamine, and sialic acid. Serotype 1/2 CPS dif-
fers from serotype 2 CPS, and serotype 1 CPS from serotype 
14 CPS, by a single substitution of the galactose residue 
bearing sialic acid in serotypes 2 and 14 CPS side chains by 
an N-acetylgalactosamine (GalNAc) residue.14–16

Molecular serotyping methods based on CPS-coding 
genes have been described, including a 2-step multiplex PCR 
assay.9 However, despite the differences in CPS sugar com-
position and structure, and the fact that all other serotypes 
possess a “serotype-specific” gene, serotype pairs 2 and 1/2, 
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Abstract. Streptococcus suis is one of the most important bacterial swine pathogens worldwide and is an emerging pathogen 
in humans. There are 29 serotypes, and serotyping, which is based on the antigenicity of the capsular polysaccharide (CPS) 
or on its coding genes, is often part of routine identification and provides further information regarding S. suis virulence 
and zoonotic potential. Serotypes 2 and 14 possess high zoonotic potential, and serotype 1/2 is the serotype most frequently 
isolated from diseased pigs in North America. PCR has replaced antibody-based techniques to perform serotyping. However, 
traditional PCR is not able to differentiate serotype 2 from 1/2 and serotype 1 from 14, given that the only difference in the 
cps loci of those serotype pairs is a nonsynonymous single-nucleotide polymorphism. We developed a mismatch amplification 
mutation assay (MAMA)-PCR that was able to correctly serotype 148 isolates previously known to be serotypes 1, 2, 1/2, or 
14. This technique will be highly useful in animal and human health laboratories performing PCR serotyping of S. suis isolates.
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and 1 and 14, have identical CPS gene contents.9 Indeed, all 
PCR tests described so far are unable to differentiate those 
serotypes.9 It has been reported that the only consistent dif-
ference in the cps loci of strains of these serotype pairs was a 
nonsynonymous single-nucleotide polymorphism (SNP) in 
codon 161 of gene cpsK, predicted to result in a single amino 
acid difference in glycosyltransferase CpsK (W161 in sero-
types 2 and 14, and C161 in serotypes 1/2 and 1).11 Indeed, it 
is possible to achieve serotype switching of field strains of 
serotypes 2 and 1/2, and 14 and 1, solely by replacing the 
amino acid 161 of CpsK.9 We report herein a new mismatch 
amplification mutation assay (MAMA) that can correctly 
serotype strains of S. suis serotypes 1, 2, 1/2, and 14 by PCR.

A MAMA is a PCR-based technique for SNP discrimina-
tion that uses SNP-specific primers at the 3-end.2 We selected 
candidate genes according to a previous publication.1 One for-
ward primer was designed to be complementary to the corre-
sponding allele of the cpsK gene of serotypes 1 and 1/2, with 
one mismatch introduced at the second nucleotide from the 
3-end of the primer, resulting in 2 mismatches with serotypes 
2 and 14 (Fig. 1A). We designed a second forward primer, but 
this time, complementary to cpsK gene with 1 mismatch for 
serotypes 2 and 14 and 2 mismatches for serotypes 1 and 1/2 
(Fig. 1B). Allele-specific primers carrying a single mismatch 
had no effect on the overall PCR yield, whereas primers carry-
ing ≥ 2 consecutive mismatches at the 3-end failed to generate 
any detectable amplification products.

Each 20-μL reaction mixture contained 0.2 μM of each 
primer (Table 1), 0.2 mM of dNTPs, 1× TopTaq buffer  
(Qiagen, Toronto, Canada) + 6 mM of MgCl

2
, 0.1 U of 

TopTaq DNA polymerase (Qiagen), and 1 µL (correspond-
ing to a mean of 4 ng) of DNA (Instagene matrix; Bio-Rad 
Laboratories, Mississauga, Canada). Experiments were run 
on a T-gradient machine (Biometra; Montreal Biotech, Dor-
val, Canada). The PCR program parameters included an ini-
tial denaturation step (94°C, 3 min), followed by 30 cycles 
of denaturation (94°C, 30 s), annealing (60°C, 30 s), and 
extension (72°C, 10 s). Electrophoresis was performed in 
1.5% agarose gel, and a 100-bp DNA ladder was used as the 
molecular weight marker. Results were interpreted as fol-
lows: serotype 1 and 14 cross-reacting isolates, which were 
positive by MAMA-PCR1 and negative by MAMA-PCR2, 
corresponded to serotype 1; those negative by MAMA-
PCR1 and positive by MAMA-PCR2 were considered as 
serotype 14 (Table 2). In the same way, serotype 2 and 1/2 
cross-reacting isolates that were positive by MAMA-PCR1 
and negative by MAMA-PCR2 corresponded to serotype 
1/2; those negative by MAMA-PCR1 and positive by 
MAMA-PCR2 were considered as serotype 2. Optimization 
of the thermocycling conditions was carried out with the ref-
erence strains of S. suis serotypes 1 (strain 428), 2 (strain 
S735), 1/2 (strain 2651), and 14 (strain 13730).10 Results 
obtained were as expected (Fig. 2).

We validated our tests with 148 field isolates recovered 
from the internal organs of diseased pigs in Canada. S. suis 

was isolated in pure or predominant cultures as described pre-
viously.6 One hundred thirty-two isolates belonging to sero-
types 1 (25 isolates), 2 (64 isolates), 1/2 (13 isolates), and 14 
(30 isolates) were encapsulated and had been serotyped previ-
ously by the coagglutination test using specific antisera.5 The 
remaining 16 isolates were untypeable by coagglutination but 
positive with the traditional PCR test for serotypes 2 and 1/2 
(12 isolates) or for serotypes 1 and 14 (4 isolates), suggesting 
that these isolates do not express CPS.9 To confirm the sero-
type of the coagglutination-negative isolates, the fragment of 
interest of the cpsK gene was amplified from DNA using 
primers cpsK-1 (5-GAGATTCTTCTGGTGAATGACG-3) 
and cpsK-2 (5-CCCCGTTTTCAGAAAGACAC-3) and the 
following PCR parameters: an initial denaturation step (95°C, 
2 min), followed by 30 cycles of denaturation (95°C, 20 s), 
annealing (56°C, 10 s), and extension (72°C, 15 s). Sanger 
sequencing of the generated amplicon using the same primers 
revealed that 1, 6, 6, and 3 of the coagglutination-negative 
isolates possess cps loci of serotypes 1, 2, 1/2, and 14, respec-
tively. Results of validation tests using all 152 of these  
isolates showed that the MAMA-PCR test was able to cor-
rectly identify, as a single serotype, all field isolates tested in 
our study.

The fact that the current PCR-based serotyping system 
fails to correctly differentiate serotypes 2 from 1/2 and 1 
from 14 is a major issue. Serotype 2 is the most widespread 
virulent S. suis serotype worldwide, and it affects both pigs 
and humans. In contrast, serotype 1/2 has never been iso-
lated from humans, indicating a different zoonotic  
potential.7 However, serotype 1/2 is the most prevalent 
serotype recovered from diseased pigs in the United States.3 
Knowing the serotype of an isolate is important, given that 
there is at least one commercial vaccine available against S. 
suis serotype 2, and possible cross-protection against sero-
type 1/2 is unknown. Serotype 14 isolates are also virulent 
for pigs, and serotype 14 is the second most commonly 
recovered serotype from humans.7 On the other hand, sero-
type 1 has been reported in only 3 unconfirmed human 
cases, suggesting that they were probably not serotype 1 
but rather serotype 14.7

Serotyping has traditionally been carried out with anti-
sera, although only a few laboratories in the world possess 
antisera against all serotypes. In addition, one of the disad-
vantages of the coagglutination test is that many field iso-
lates do not express CPS after culture. Also, some isolates 
are unencapsulated in vivo as reported previously in cases 
of endocarditis.12 One attractive alternative for serotyping 
is PCR, which is now performed in most laboratories,9 and 
which can serotype encapsulated isolates as well as those 
that do not express CPS. However, as mentioned above, 
isolates belonging to serotypes 2 and 1/2 as well as 1 and 14 
cannot be differentiated by existing PCR assays. The 
importance of MAMA-PCR over gene sequencing can also 
be justified when a large number of bacterial isolates need 
to be tested in epidemiologic investigations.1 The MAMA-
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Figure 1.  Schematic representation of mismatch amplification mutation assay (MAMA) A. PCR1. B. PCR2. SNP = single-nucleotide 
polymorphism.

Table 1.  Primers used for mismatch amplification mutation assay (MAMA)-PCR.

Primer name Sequence PCR

F_MAMA_1 ATCGCTTTGTGGTGGCCTTT MAMA-PCR1
R_MAMA_1-2 AGAAGCTTCTTTTGCTGTTTGC MAMA-PCR1 and MAMA-PCR2
F_MAMA_2 ATCGCTTTGTGGTGGCCTTG MAMA-PCR2
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PCR test developed in our study can be used to clearly dif-
ferentiate these serotypes.
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