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Abstract:
Infections caused by Streptococcus suis (S. suis) pose a problem for the pig industry worldwide.
Pigs often carry multiple serotypes of S. suis in the upper respiratory tract, where S. suis is
frequently isolated from. The clinical diagnosis of the infection is presumptive and is generally
based on clinical signs, the age of the animal and macroscopic lesions. In the laboratory,
identification of S. suis is performed biochemically, and then, serotyping is performed with
antisera to determine the serotype, but these tests can be inconclusive. To date, there are few
studies that have documented the presence and diversity of S. suis serotypes in Mexico. In the
present study, it was characterized S. suis strains from Mexican pig farms using molecular
approaches; samples were first processed by PCR of the gdh gene to detect S. suis. Positive samples
were then subjected to a two-step multiplex PCR (cps PCR) to detect and characterize each strain;
the first step consisted of a grouping PCR and the second step consisted of a typing PCR. The
serotypes detected in the pig farming areas of Mexico included 1/2, 2, 3, 5, 7, 8, 9, 17, and 23.
These findings are important for the characterization of serotypes present in Mexico and for
outbreak prevention.
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Introduction
Streptococcus suis (S. suis) is an important pathogen in various countries in Europe, Asia, and the
Americas. This bacterial species causes septicemia, meningitis, endocarditis, encephalitis, and
bronchopneumonia in pigs and is a zoonotic agent(1). Most pigs carry strains of multiple serotypes
in their upper respiratory tract(2,3). Symptoms of infection are often found in piglets from 2 wk of
age but are more common in newly weaned pigs(4). S. suis grows on blood agar plates (BAPs) and
appears as small α-hemolytic colonies with a diameter of 0.5-1 mm. The colonies are grayish or
transparent and are slightly mucoid. When using Gram staining, the cocci appear isolated, in pairs,
and in short chains. S. suis is a facultatively anaerobic, immobile, and catalase- and oxidasenegative bacterium, which exhibits fermentative metabolism and produces acid from sugars,
including mannitol. S. suis is also amylase positive, Voges–Proskauer negative, NaCl positive, and
resistant to optochin; this bacterium has a capsule with epitopes that allow identification of 35
serotypes.
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The identification of S. suis is performed by bacteriological methods, and it is recommended that
biochemical tests be complemented with confirmatory serotyping. Serotyping is an important part
of routine diagnostics and is based on capsular polysaccharide antigens found on the surface of S.
suis strains, although some strains from clinical cases have been considered non-typable(3). In the
last 12 yr, more than 4,500 strains have been serotyped from diseased pigs worldwide; the
serotypes that were isolated most frequently were, in decreasing order, 2 (28 %), 9 (19.4 %), and
3 (15.9 %), followed by serotypes 1/2 and 7(5). The distribution of serotypes isolated from infected
pigs varies by geographic location(6), but serotype 2 is isolated most frequently in meningitis cases
from both pigs and humans(7) .
The presumptive diagnosis of S. suis infection in piglets is often based on clinical signs and
macroscopic lesions; confirmation is achieved by isolating the infectious agent and observing
microscopic lesions in the affected tissues(3). For clinical cases in pigs, isolation and identification
of strains are relatively easy; successful identification can be achieved using a minimum of
biochemical tests, and confirmation can be achieved by serotyping based on capsular
polysaccharide antigens. However, the use of rapid, multitest biochemical kits may be misleading
since some strains of S. suis can be misidentified as Streptococcus pneumoniae, S. bovis, and
viridans group streptococci (e.g., S. anginosus and S. vestibularis). Likewise, although serotyping
should be a part of routine identification of S. suis strains recovered from diseased pigs and humans
to further confirm the pathogen’s identity, there may be cross-reactions between serotypes.
Serotyping techniques are relatively simple; however, the production of antisera is laborious, time
consuming, and expensive. In addition, there are strains that cannot be serotyped using antisera(1).
One disadvantage of serotyping with antisera is that non-encapsulated strains cannot be
characterized and are called non-typable. These strains are identified using molecular techniques
such as PCR as long as the genes of the capsule gene cluster (cps) have not been modified(8).
Cloned the gene encoding glutamate dehydrogenase (gdh) from S. suis type 2, they observed that,
similar to genes encoding other GDHs, the S. suis gene was highly conserved and had a very low
mutation rate relative to that in other genes. With the help of gdh PCR, S. suis isolates can be
identified. gdh PCR has been used as a quick and reliable diagnostic technique for samples from
healthy and diseased animals, and it is also valuable in human cases(7).
In the present study, characterization of S. suis strains isolated from sick animals, including
serotype determination, was performed using molecular techniques, PCR of the gdh gene and
multiplex PCR(8,9). The goal of this study was to determine the serotypes of S. suis present in pig
farms located in different areas of the Mexican Republic.
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Material and methods
Microbiological sample collection and identification

Sixty-three (63) samples of organs were obtained from pigs with characteristic clinical signs of S.
suis infection from different farms in the Mexican Republic. The samples were macerated in sterile
phosphate-buffered saline, streaked onto 5% BAPs, and then incubated at 37 °C for 24 h. Colonies
that were formed by α-hemolytic, Gram-positive cocci, grouped in chains, catalase and oxidase
negative, were selected.

PCR of the gdh gene

DNA extraction was performed using the Wizard Plus SV minipreps DNA purification system
(Promega, Madison, WI, USA), followed by gdh PCR to identify S. suis strains using an Invitrogen
kit (Thermo Fisher Scientific, Carlsbad, CA, USA). The reactions were run on a Techne Progene
thermal cycler under the following conditions: 2 min at 40 °C, 5 min at 94 °C, 35 cycles (1 min at
94 °C, 1 min at 55 °C, and 1 min at 72 °C), and 7 min at 72 °C. The GenBank accession number
of the sequence used to design the primers was AF229683.1. The sequence of the primers is JP4
(5´ GCAGCGTATTCTGTCAAACG 3´) y JP5 (5´CCATGGACAGATAAAGATGG 3´). The
reaction products were visualized on a 2% agarose gel, stained with GelRed, using a Gene Genius
bioimaging system (Artisan Technology Group, Champaign, IL, USA)(9).
Table 1. Primer sequences (5’ to 3’) used in this study and the predicted sizes of the PCR
products [ Okura, et al 2014] (8)
Target cps group
Size (bp) of
Forward
Reverse
or type
products
TGGTTCAAATATCAA ATTGGTTGTGAGTGC
I
933
TGCTC
ATTG
TCAAAATACGCACCT CACTCACCTGCCCCA
II
823
AAGGC
AGAC
TGATTTGGGTGAGAC CTCATGCTGGATAAC
III
583
CATG
ACGT
ACAGTCGGTCAAGAT TCAGCTTGGGTAATA
IV
455
AATCG
TCTGG
GGAAAGATGGAGGAC CCAACCAGACTCATA
V
265
CAGC
TCCCC
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III and VI

For PCR typing

GATGCCCCAAGCGAT
ATGCC
GACGCACCAAGTGAT
ATGCC

GGACCAACAATGGC
CATCTC

Forward

Reverse

146

GGTCCGACAATAGCCATTTC
Size (bp) of
products

GROUP I
GGTTTTGATTGGTCTA
GTTG
TATGGTTAAAGGTGG
13
AACTG
TAATGGGATAGTTGC
18
GTTAC

CTCTAAAGCTCGATA
TCTAC
CCTTGTATATATTCC
CTCCA
ATACATAAAGTTGTC
CTGCG

TTAGCAACGTTGCCA
ATAAG
GCTCACTATTTTTACA
6
TTACAC
TTAGACAGACACCTT
ATAGG
AAGGTTATCCACGAA
16
AGATG
AGACACTGCTTGCAT
27
TATTG

AATCCTCCATTAAAA
CCCTG
TATTACTCCGCCAAA
TACAG
CTAGCTTCGTTACTT
GATTC
TCCGGCAATATTCTT
TCAAG
TCAGAATTACTTCCT
GTTGC

TATCATATTGAGAAT
CTTCCC
ATTATGTTGGTTGCAG
28
AAGG
TTCTGGGATTTTAGGA
29
ATGC
TATTGCACTAGCTTCA
30
GAAC

TTGCGTAGCATACAA
AGTTC
CGACTCAATTGTTGT
AGTAG
CATGAAATACGCACT
TGTAC
TGCATCCATAGTTGT
ATTCG

GACTATCTGTATACCC
AAAC
ATCTTAGGAATGATT
CGGAC
AACTACCTACCTGAA
CTTTG
TAGCATCAGTTTATAC
GAGG
GTGTCGCAAATCAAG
TATTG
TAATGTATGCTCTGTC
ACTG

TCCTTCCAAGTATTC
TCTAG
ACCAGATATCTGAGC
AAATG
AGTCTAAAAGTGATC
GAGTC
TAGTTTATCTGTGAC
ACACC
AAGCTAGTACAACA
AGCATG
AACGAAACGGAATA
GTTTGC

3

214
408
617

GROUP II
2 and 1/2

1 and 14

173
278
386
494
655

GROUP III
21

160
272
415
568

GROUP IV
4
5
7
17
19
23
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348
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GROUP V
AAATAAGGTAGGAGC
TACTC
ATCGTTTTGAGATTGA
GTGG
TGTGGATTTCTGGGAT
AATC
GCATTATCAGGATTCT
TTCC
GTTTGCTCCGATCATA
ATAG

ATCCAACCTTAGCTT
TCTGT
TAAACGGATTCGGTT
ACTCA
TGTGGACGAATTACT
ACTTG
CCAATTGGGTGTTCA
AAAAG
CCAGTAAAAGGACT
CAATAC

GAAAGTAGGTATATC
TCAGC
TTTCCCATTTGCTTAT
GGAC
ATGCGATTGCAACAA
TTGAC
AACAGGTATTTCAGG
ATTGC
TACTGAGATTTATTGG
GACG
TTATACCGAAATTTTG
TTGCC
GATGTTTTCAACAGG
TGTAC

GGGCTATTAAAACTC
CTATC
GGAATAAAAACGAT
TGGGAG
AGGCATGAGTAATA
CATAGG
CTCGGATAAAGATA
ATCAGC
AAGCGATTGGATTAC
ATTGC
CGTCAATCATATAAA
GTGGG
CAAAGTACCTATTTT
CAGCG

ACAATCGTTTCTGCA
ATACG
AACCGCTGTTGAATT
32
AAGAG
AAGTTTCATTCGAGG
34
ACTTC
Internal control
GAGTTTGATCCTGGCT
16S rRNA
CAG

GATGAAAACATCGTT
GGTAG
TTCGTTAGTTGAACT
GTTCC
GTATATAACACCGCA
AGAAG

8
15
20
22
25

446
542
698
296
174

GROUP VI
9
10
11
12
24
26
33

368
633
833
131
224
472
710

GROUP VII
31

AGAAAGGAGGTGAT
CCAGCC

842
570
246

1542-1553

Two-step multiplex PCR

To determine serotypes, it was used a two-step multiplex PCR. First, a grouping PCR was carried
out under the following thermal cycler conditions: 15 min at 95 °C, 30 cycles (30 sec at 94 °C, 90
sec at 90 °C, and 60 s at 72 °C), and 10 min at 72 °C. Second, a typing PCR was performed under
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the following thermal cycler conditions: 15 min at 95 °C, 30 cycles (30 sec at 94 °C, 90 sec at 53
°C, and 90 sec at 72 °C), and 10 min at 72 °C, using a Biometra thermocycler (Biometra, Göttingen,
Germany). Qiagen multiplex PCR master mix was used, and the PCR products were visualized by
electrophoresis on a 2% agarose gel (100 V, 40 min) stained with GelRed(8). The primer sequences
and predicted product size(s) for each type of PCR(10) are showed in Table 1 .

Results
Microbiological sample collection and identification

Of the 63 samples (lung, heart, and brain) collected from animals, 23 were positive for S. suis by
PCR, with a product of 688 bp in length amplified by gdh PCR (Figure 1).
Figure 1: Agarose gels (2%) showing results of the gdh PCR

Lane 1, 100–1,000-bp marker; lane 2, negative control, C(−); lane 3, positive control, C(+) = S. suis serotype 2;
lanes 4 to 8, samples from diseased animals.

PCR of the gdh gene

The results of the grouping PCR are shown in Figure 2; the samples were assigned to the following
groups based on the sizes of the PCR products: I, II, IV, V, and VI, corresponding to the PCR
product sizes of 933, 823, 455, 265, and 146 bp, respectively. Figure 3 shows the results of the
typing PCR, wherein the serotype of each sample was determined. Serotypes 1/2 and 2 were
characterized by the same size of their PCR products (173 bp); serotypes 3, 5, 7, 8, 9, 17, and 23
produced PCR fragments of 214, 720, 566, 446, 368, 445, and 221 bp, respectively. To
differentiate serotypes 1/2 and 2, co-agglutination with specific antisera was used.
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Figure 2: Agarose gels (2%) showing results of the grouping PCR

Gel A: lane Mbp, 100–1,000-bp marker; lane C(−), negative control; lane C(+), S. suis serotype 2; lanes 1 to 5, S.
suis samples. Gel B: lane Mbp, 100–1,000-bp marker; lane C(−), negative control; lane C(+), S. suis serotype 2;
lanes 1 to 8, samples.

Figure 3: Agarose gel (2%) showing results of the typing PCR

Lane pb, 100–1,000-bp marker; lane 1, S. suis serotype 3; lanes 2 to 5, samples positive for serotypes 2 and 1/2; lane
6, S. suis serotype 5; lanes 7 and 8, S. suis serotype 7.

Two-step multiplex PCR

The results of multiplex the PCR are shown in Table 2, which summarizes the information on the
geographical areas where the samples were collected, the organs processed, and the serotypes
identified.
688

Rev Mex Cienc Pecu 2021;12(3):681-693

Table 2: Results with the geographical area where the samples were collected, the processed
organs and the serotypes
Geographical area
Perote-Veracruz
Perote-Veracruz
Perote-Veracruz
Perote-Veracruz
Perote-Veracruz
Perote-Veracruz
Perote, Veracruz
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Jalisco
Puebla
Puebla
Puebla
Puebla
Puebla
La Piedad Michoacán

Organ

Serotype

brain
brain
brain
brain
lung
brain
brain
lung
heart
lung
heart
heart
heart
lung
lung
heart
heart
heart
heart
heart
heart
heart
heart

7
7
2
2
1/2
3
9
9
7
9
17
9
9
3
7
23
5
8
8
8
8
9
9

Discussion
PCR of the gdh gene is an attractive technique for use in both clinical laboratories and
epidemiological studies(9). Nevertheless, owing to the complexity of serotyping of S. suis strains(8),
have developed a two-step multiplex PCR. They sequenced and analyzed a group of genes from
strains belonging to the 35 serotypes and reported that 31 of the serotypes (3 to 13 and 15 to 34)
had specific genes, while serotypes 1 and 14 as well as 2 and 1/2 were almost identical. In the first
step of the multiplex PCR, strains are classified into seven groups of cps genes, called homology
groups (HGs). These cps genes are grouped within the same locus on the chromosome. Each HG
is assigned a number (I–VII) and includes specific serotypes of S. suis. The typing PCR detects
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cps genes specific for each group and identifies the serotype. Molecular serotyping using multiplex
PCR is attractive because animals are no longer required for the production of all 35 antisera since
antisera are only needed to identify serotypes 1, 1/2, 2, and 14(11). Previously, S. suis had been
classified into 35 serotypes (1/2 and 1–34), and then, the number of serotypes was reduced to 33
because strains of serotypes 32 and 34 were re-classified as Streptococcus orisratti. More recently,
it has been proposed to remove strains of serotypes 20, 22, 26, and 33 from the S. suis taxon(12);
however, in the present study, none of the isolated Mexican strains belonged to these serotypes.
In this study, there were determined serotypes of S. suis strains isolated from diseased animals
from Mexican pig farms, and the diagnostic time was reduced, which was an advantage over
routine diagnostic methods. It was found that serotype 9 was predominant in seven samples,
isolated either from Jalisco (four samples), Veracruz, Michoacán, or Puebla (one sample each),
followed by serotype 7, with four samples from Jalisco and Veracruz (two samples each), and
serotype 8, with four samples from Puebla. Two samples from Veracruz were positive for serotype
2, and two samples from Jalisco and Veracruz were positive for serotype 3. One sample each was
positive for serotypes 1/2, 5, 17, and 23. Jalisco was the state that presented the highest variation
in serotypes, with six different lung and heart isolates belonging to serotypes 3, 5, 7, 9, 17, and 23.
In Veracruz, five serotypes were detected in the lung and brain samples. Puebla was represented
by two serotypes from heart samples. Only one serotype was detected in a heart sample from
Michoacán.
Serotype assessment is a valuable tool for understanding the epidemiology of a particular outbreak,
and serotyping also increases the success of vaccination programs within farms. It is possible that,
this is the first report on the distribution of S. suis serotypes in areas dedicated to pig farming in
Mexico. It was found that the predominant S. suis serotypes were comparable to those reported by
Gottschalk et al(10) between 2008 and 2011, who confirmed a relatively low prevalence of serotype
2 in North America compared with that in European and Asian countries. Among other serotypes,
serotypes 1/2, 5, 9, and 14 have also been associated with outbreaks in pigs in North America and
Europe(10). Although it was not assess the prevalence, serotype 9 was the most frequent, followed
by serotypes 7 and 8. These results support a previous hypothesis suggesting that a lower
prevalence of S. suis serotype 2 is common for North American countries(3). Since strains serotype
2 from North America and from Europe are genotypically and phenotypically different (with
different virulence potential)(13), it would be interesting to further study strains from Mexico to
determine to which group of strains they belong. Similarly, it has been reported that serotype 9
strains from Europe are more homogenous and probably more virulent than North American
strains(14). Further evaluation of the Mexican strains is also needed to predict the level of
pathogenicity of such strains. In addition, more studies, with a greater number of isolates from
Mexico, are necessary to confirm this hypothesis. Although there is no clear association between
serotypes and a given pathological condition, it has been reported that in Asian countries, strains
isolated from diseased pigs primarily belonged to serotype 2, followed by serotypes 3, 4, 5, 7, 8,
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and 1/2(15). In some European countries, serotype 9 is most frequently recovered from diseased
animals, followed by serotypes 1 and 14. However, in Canada, serotypes 1/2, 2, and 3 are the three
most prevalent serotypes, followed by serotypes 4, 7, and 8(16). In humans, serotype 2 is the most
prevalent serotype isolated, but serotypes 1, 4, 5, 14, 16, and 24 have also been reported(5).
In South America, only two studies have been published, both from Brazil, which reported
serotype 2 as the most prevalent, with a mean of 57.6 % of all cases, followed, in decreasing order
of prevalence, by serotypes 1/2, 14, 7, and 9. Important pig-producing European countries, such
as Denmark, Belgium, France, Germany, Italy, and the United Kingdom, have not recently
reported the distribution of serotypes recovered from clinical cases in pigs. The latest reports from
these countries published data on strains isolated between 1990 and 2000, and this lack of
information is important. The only two countries with more recent data are Spain and the
Netherlands. In fact, in Spain, serotype 2 is no longer the most prevalent serotype; it is now the
second behind serotype 9, followed by serotypes 7, 8, and 3. In the Netherlands, serotype 9 was
the most prevalent between 2002 and 2007, followed by serotypes 2, 7, 1 and 4. In studies
conducted prior to 2002, serotype 1 appeared to be prevalent in countries such as Belgium and the
United Kingdom(1).

Conclusions and implications
The serotypes detected in the pig farming areas of Mexico included 1/2, 2, 3, 5, 7, 8, 9, 17, and 23.
Jalisco was the state that presented the highest variation in serotypes, with six different serotypes.
In Veracruz, five serotypes were detected in samples. Puebla was represented by two serotypes
from samples. Only one serotype was detected in a sample from Michoacán. Serotype assessment
is a valuable tool for understanding the epidemiology of a particular outbreak, and serotyping also
increases the success of vaccination programs within farms. These findings are important for the
characterization of serotypes present in Mexico and for outbreak prevention. To the best of our
knowledge, this is the first report on the distribution of S. suis serotypes in areas dedicated to pig
farming in Mexico. Research should continue to gain a better understanding of this microorganism
and to have more complete data. The MALDI TOF MS is alternative methods for identify S. suis
and the gdh test was considered specific for S. suis. The recN PCR is the test recognized as being
specific for S. suis and so continue with the investigations.
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