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Abstract

Introduction: Streptococcus porcinus is considered a zoonotic opportunistic pathogen for several animal species, including swine, and can
cause systemic clinical conditions. There are morphological similarities between streptococcal species, leading to possible incorrect diagnosis
and inappropriate treatment choice. Here, we describe the identification, and genotypic and genomic characterization of S. porcinus isolated
from 5 adult sick pigs from Minas Gerais and Sdo Paulo (Brazil) between 2010-2017.

Methodology: Streptococcus spp. strains were isolated from vaginal discharge, joint abscess, and brain tissue received for routine diagnosis.
They were identified as S. porcinus by mass spectrometry and partial sequencing of the groEL gene. Genotypic characterization by amplified
fragment length polymorphism was performed. In addition, the genome of one of the S. porcinus invasive strains was sequenced and
comparative analyses were performed.

Results: Genotyping revealed that the nervous system and joint abscess invasive strains had higher genetic similarity and clustered separately
from vaginal discharge strains. Genome sequencing of one of the invasive strains revealed the presence of genes conferring resistance to
erythromycin, tetracycline, lincosamides, and macrolides. A high level of similarity of the Brazilian strain genome with British and American
strains was found. However, these strains also presented higher variation in their accessory genomes.

Conclusions: The circulation of S. porcinus invasive and resistant strains, and the lack of its identification demands attention, posing a risk for
animals and workers in the swine industry.
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Introduction
Streptococcus  porcinus is a Gram-positive,

bacterium was described only once, so far, from an
isolate of suppurative myositis in sow identified by

anaerobic, facultative, and hemolytic coccus belonging
to the Lancefield E, P, U, and V groups. This species
was first described in 1985 and isolated from swine [1].
Group E Streptococcus has already been associated
with diseases of various animal species such as cows,
horses, goats, canines, and rabbits. S. porcinus is
considered an opportunistic pathogen in swine, and can
cause systemic clinical conditions that may start as
pyogenic infections, leading to the appearance of
edematous lymph nodes and hemorrhagic abscesses,
further progressing to pneumonia and sepsis. The
pathogen has also been isolated from vaginal secretions
of sows with endometritis [2—4]. In Brazil, this

matrix assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) [5].

S. porcinus also has zoonotic potential, with reports
of genitourinary infection in women and related
neonatal death [6,7]. Moreover, other studies have
indicated horizontal gene acquisition from other
pathogenic streptococci [8], which can increase
virulence or resistance characteristics and become
strains with higher pathogenic potential for pigs or
humans.

Biochemically, S. porcinus is characterized by
positive reaction for mannitol, sorbitol, and the leucine
aminopeptidase test, and negative reaction for hippurate
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[9]. Due to the low specificity of biochemical tests as
an identification method and the zoonotic potential that
this bacterial species presents, identification with more
specific and practical methods is necessary [10,11]. In
addition, information at the genotypic, epidemiological,
and genomic levels is required to better understand S.
porcinus as a pathogen.

The aim of the present study was to characterize S.
porcinus isolated from diseased pigs in Brazil, through
genotyping and complete genome sequencing for
epidemiological and antimicrobial resistance features
assessment. Furthermore, we verified the applicability
of MALDI-TOF mass spectrometry as a quick and
practical tool for identifying this bacterium.

Methodology
Bacterial strains

Five strains with morphological characteristics
suggestive of Streptococcus spp. were isolated from
vaginal discharge (SP0816-4P, SP5117, SP5017), joint
abscess (SP8310), and brain (SP0816-2) samples from
distinct diseased pigs in the years of 2010, 2016, and
2017. The animals originated from 5 herds in the states
of Minas Gerais (MG) and Sao Paulo (SP). Each sample
was inoculated in 4 mL of brain-heart infusion (BHI)
broth (Difco, Sparks, MD, USA) enriched with 5% fetal
bovine serum, and in sheep blood agar (5%), and
incubated in aerobic conditions for 24 hours at 37 °C.
Two aliquots (1 mL) were separated from this culture
for DNA and ribosomal protein extraction.

Identification by mass spectrometry

The ribosomal protein extraction, for bacterial
identification by MALDI-TOF MS, was done following
the protocol described by Hijazin et al. [12]. The a-
cyano matrix (10 mg/mL a-cyano-4-hydroxy-cinnamic
acid in 50% acetonitrile-2.5% trifluoroacetic acid;
Bruker Daltonics, Inc. Billerica, MA, USA) was added
to protein extracts and subjected to Microflex™ mass
spectrophotometer (Bruker Daltonics, Inc. Billerica,
MA, USA). Spectra were identified using the
BioTyper™ 3.0 software (Bruker Daltonics, Inc.
Billerica, MA, USA), following the manufacturer's
recommendations. Log scores > 2.0 were considered
reliable for identification at the species level.

DNA extraction

DNA extraction was performed by the protocol
described by Boom et al. [13], following a 1-hour
digestion at 37 °C with lysozyme (100 mg/mL) and
proteinase K (20 mg/mL) (US Biological, Swampscott,
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MA, USA). The extracted DNA was stored at -20 °C
until use.

Partial sequencing of the groEL gene

The partial amplification of the groEL gene was
performed to confirm identification, using the primers
published by Glazunova et al. [ 14]. The amplicons were
purified with Tllustra GFX™ PCR DNA and Gel Band
Purification kit (GE Healthcare do Brasil Ltd, Sdo
Paulo, Brazil) and sent to the Human Genome Research
Center (University of Sao Paulo) for further
sequencing. Phylogenetic analysis was performed with
Mega X [15] using the maximum-likelihood method
and 500 bootstrap replicates for branch support
statistical inference.

Genotyping by amplified fragment length
polymorphism (AFLP)

The strains were genotyped by the AFLP technique
with a single restriction enzyme (SE-AFLP) — HindIll
(New England Biolabs Inc., Ipswich, MA, USA) —
following the protocol reported by McLauchlin et al.
[16]. The DNA fragments were detected by 2% agarose
gel electrophoresis at 90 V for 3 hours, and stained with
BlueGreen® (LGC Biotechnology, Cotia, SP, Brazil).
The images were captured under UV illumination by
the Gel Doc XR system (Bio-Rad Laboratories,
Hercules, CA, USA). The amplified fragments were
identified based on the molecular weight marker 100 bp
DNA Ladder® (LGC Biotechnology, Cotia, SP,
Brazil), and the cluster analysis of the restriction
profiles was performed using BioNumerics 7.6
software (Applied Maths NV, Sint-Martens-Latem,
Belgium). A dendrogram was constructed using the
Dice coefficient and unweighted pair-group method
using arithmetic average (UPGMA). A 90% genetic
similarity cut-off was used to distinguish SE-AFLP
profiles [17].

Genomic analysis

The invasive strain SP0816-2 (a pure isolate from
brain tissue) was submitted for genome sequencing and
comparative analysis. The genomic DNA was extracted
with DNeasy Blood and Tissue kit (Qiagen, Hilden,
Germany) according to the manufacturer's instructions.
The library preparation with Nextera™ DNA Sample
Prep Kit (Illumina®, San Diego, CA, USA) and the
paired-end 150 bp Illumina® NextSeq sequencing was
performed at the Core Facility for Scientific Research -
University of Sao Paulo (CEFAP-USP).
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Figure 1. Dendrogram showing the relationship between S. porcinus SE-AFLP profiles.

AFLP AFLP
ID Animal Isolation source Herd
SP0816-4P A4 Vaginal swab G3
SP5117 AB Vaginal swab G5
SP5017 A5 Vaginal swab G4
SP8310 Al Joint Abcess G1
SP0816-2 A2 Brain (CNS) G2

J Infect Dev Ctries 2024; 18(10):1576-1582.

State Year
MG 2016
MG 2017
MG 2017
SP 2010
MG 2016

SE-AFLP: single restriction enzyme amplified fragment length polymorphism; CNS: central nervous system; MG: Minas Gerais; SP: Sao Paulo.

Figure 2. Whole-genome sequencing analysis of S. porcinus — BRIG plot displaying genomic similarities.
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Base-calling, trimming, and de novo assembly was
performed with CLC Main Workbench 7.5.1 (QIAGEN
CLC Genomics Workbench -
https://digitalinsights.qiagen.com). Automatic genome
annotation was performed with Prokka [18]. The in
silico detection of antibiotic resistance genes and
plasmid markers were performed with ResFinder 3.2
and PlasmidFinder 2.1 [19,20]. Pan-genome analysis
was performed with Roary [21] and Geneious tree
builder (Geneious R10, https://www.geneious.com)
was applied for core genes alignment phylogenetic
analysis. Complementary, circular comparison images
were generated by BRIG BLAST Ring Image
Generator program [22] and the Interactive Tree of Life
(iTOL) v4 [23] was used to draw an integrative datasets
tree.

Results
Strains identification

The studied strains were identified as S. porcinus by
MALDI-TOF MS. Phylogenetic analysis of partial
groEL sequence corroborated the mass spectrometry
identification, and clustered the studied isolates with the
reference strain CIP 103218 (over 97% of identity).
Furthermore, the SP5117 and SP5017 strains that were
isolated from vaginal discharge in 2017 clustered
separately from the remaining Brazilian S. porcinus
strains (Supplementary Figure 1). The DNA sequences
from this study were deposited in GenBank under
accession numbers MT784753-MT784757.

SE-AFLP genotyping

SE-AFLP analysis resulted in 2 main clusters with
over 80.0% genetic similarity and 4 distinct profiles
(A1-A4) (Figure 1). The first cluster comprised the
isolates from vaginal discharge distributed in three SE-
AFLP profiles (A1-A3), while the second group
comprised the SP8310 and SP0816-2 strains, which
were isolated from the joint abscess and central nervous
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clustering into the A4 profile. This suggests a higher
similarity between invasive S. porcinus strains.
Comparative genomic analysis

The SP0816-2 strain sequencing resulted in a total
of 7,538,880 reads, with over 200X coverage. The de
novo assembly resulted in 43 scaffolds, with Nsy of
115,372 bp and Nys of 49,378 bp, 36.34% of GC
content, and an estimated genome length of 2,093,169
bp. In total, 2,053 genes were identified, including
2,020 coding DNA sequences (CDSs), 3 rRNAs, 29
tRNAs, and 1 tmRNA. The SP0816-2 draft was
deposited in GenBank under the accession number
JACEGE000000000.

The comparative analysis included the genome
sequences of S. porcinus strains NCTC10999
(NZ_1.S483388.1), NCTC10710 (NZ_LR594036.1),
NCTC5385 (NZ_LR594035.1), NCTC10925
(NZ_LR594050.1), NCTC10924 (NZ LR594052.1),
NCTC5386 (CABEHT000000000.1), Jelinkova 176
(AEUU00000000.2), and SS-841 (FZQN00000000.1)
(Figure 2). Regarding resistance genes, the /sa(E),
Inu(B), and erm(B), associated with lincosamides and
macrolides resistance; and fe#(M), which is associated
with tetracycline resistance; were identified in the
SP0816-2 strain. The remaining S. porcinus genomes
presented only tet(M) (NCTC10925 and SS-841) or
tet(O) (NCTC10999) (Figure 3). No plasmid markers
were detected among S. porcinus genomes.

S. porcinus core genome was comprised of 730
genes, out of a total of 4,566 evaluated genes. The
SP0816-2 strain presented higher similarity with
NCTC10710 reference strain, NCTC5386, and
NCTC5385, based on core genes phylogenetic analysis
(Figure 3). However, these 4 strains also presented
higher wvariation in their accessory genomes
(Supplementary Figure 2). The SP0816-2 strain
presented 242 unique genes in its accessory genome, of
which 83.9% codify hypothetical proteins. The
remaining accessory genes codify toxin PezT; antitoxin

system (CNS) disorder over a 6-year interlude, PezA; lipoprotein-releasing system ATP-binding
Figure 3. Core-genome phylogenetic tree of studied S. porcinus.
00eCTC10925 1973 Sweden Swine  Tonsils tet(M)
00pgs-841 1969 - - - tet(M)
0.0p+0
12PRCTC10924 1973 Sweden Swine  Tonsils
70 Felinkova 176
3.2p%24-3
1968 - Swine  Haemorrhagic lymph node  tet(O)
ﬁ‘%PDSlB-Z 2016 Brazil Swine  Central nervous system erm(B); Inu(B); Isa(E); tet(M)
= NCTC10710 1965 United States Swine  Cervical abscess
s ’_@.Li NCTC5385 United Kingdom -
Tree scale: 0.01 ———— Leges NCTC5386 1938  United Kingdom -
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protein; lipid A export ATP-binding/permease protein;
streptomycin 3"-adenylyltransferase; cadmium, cobalt,
and zinc/H(+)-K(+) antiporter; putative
acetyltransferases; tyrosine recombinase; putative ABC
transporter ATP-binding proteins, and some dispersed
IS3 family transposases.

Discussion

Although Streptococcus suis is the most frequent
cause of systemic diseases in pigs, the morphological
similarity of Streptococcus spp. colonies can cause
failures in the diagnosis, with strains of S. porcinus
being misidentified or classified as Streptococcus-like.
That is why fast and specific techniques such as mass
spectrometry are a good choice to identify this
pathogen. Recent descriptions have shown MALDI-
TOF mass spectrometry as a great tool for the diagnosis
of various Streptococcus species including S. porcinus
[24], and our findings corroborate its effectiveness.

Few genotyping analyses with fingerprint
techniques have been reported for S. porcinus.
Abdulmawjood et al. [25] were the only ones to use a
fingerprint technique on this species applying
restriction fragment length polymorphism (RFLP) in
16S rDNA amplified products to differentiate it from
other Streptococcus species. In our study, molecular
typing was performed with the SE-AFLP technique that
enabled the differentiation of S. porcinus into four
profiles mainly distinguishing vaginal discharge
isolates from invasive ones.

Weinert et al. [26] and Estrada et al. [27] described
a S. suis pathotypes categorization system based on the
isolation sites, in which strains were classified as
“pathogenic” (invasive disease-causing), ‘“‘possibly
opportunistic” (non-invasive disease-causing strains),
and “commensals” (isolates from the upper respiratory
tract of asymptomatic animals). By applying this
classification for our S. porcinus strains, the three SE-
AFLP profiles of vaginal discharge isolates (A1-A3)
would be identified as “possibly opportunistic”, while
the remaining A4 profile would be “pathogenic”
comprising isolates from CNS and joint abscess.

Previous studies using the AFLP technique for
genotyping S. suis affecting pigs on a large scale have
also shown the tendency to cluster strains according to
their invasiveness characteristics [28]. Considering
these data, our results may initially propose a tendency
of clustering S. porcinus strains due to their pathogenic
potential. Furthermore, Monteiro et al. [5] isolated S.
porcinus from suppurative myositis from deceased
sows. This data corroborates the potential ability of S.
porcinus to cause disease in swine. In spite of this,
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further studies are necessary with more strains to
understand the species pathogenicity and spread
dynamics.

Recently, Wang et al. [4] reported a multi-drug-
resistant S. porcinus strain isolated from the vaginal
discharge of a diseased sow. This presented resistance
to aminoglycosides, quinolones, macrolides, and
tetracyclines. Shewmaker et al. [29] also reported S.
porcinus  strains resistant to clindamycin and
erythromycin, which presented the erm(B) gene, and in
the same study, tetracycline-resistant strains were also
detected but without associated resistance gene
identification. Among the evaluated S. porcinus
genomes, only tetracycline resistance genes fet(M) and
tet(O) were detected on NCTC10925, SS-841, and
NCTC10999 strains. The Brazilian SP0816-2 genome
stands out from the remaining by containing not only
the erm(B) and tet(M) genes, as previously described,
but also the Isa(E) and /nu(B) genes, which are

associated with pleuromutilin-lincosamide—
streptogramin A and lincosamide  resistance,
respectively.

Interestingly, the Isa(E) and Inu(B) genes have
already been reported in S. suis within a transposon
integrative conjugative element (ICESsuNC286) [30].
This association with the dispersion of the identified
resistance genes in distinct scaffolds and the presence
of IS3 family transposases in the Brazilian S. porcinus
strain SP0816-2 genome suggests the possibility of
horizontal gene transfer between streptococcal species.
Previous §. suis genomic studies have identified
insertion sites in the genomes that present genetic
information of other pathogenic streptococci, such as S.
agalactiae, S. pneumoniae, and S. pyogenes, evidencing
a horizontal transmission between species [8]. This
ability to transfer or receive genetic material from other
bacteria is of great importance in species such as S.
porcinus as it can increase virulence or resistance
characteristics and as a result it can form strains with
higher pathogenic potential for pigs or humans.

Previous studies have shown the zoonotic potential
of S. porcinus causing urinary tract infections in
women. There are also reports in which the bacteria
were able to cause ruptures in the placental membranes
and cervical insufficiency in pregnancy, causing
premature Dbirths, neonatal death, and abortions
[6,31,32]. These data are important for understanding
the pathogenic potential of this bacterium, especially
for technicians who work with pigs or pig products.
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Conclusions

This was a preliminary study with a limited number
of S. porcinus isolates. In spite of this, the genotypic
profiles of Brazilian S. porcinus presented a
relationship with pathotypes, separating groups
between invasive and non-invasive strains. The
Brazilian S. porcinus genome presented more resistance
genes; notably genes associated with pleuromutilin,
streptogramin A, and lincosamide resistance; in
contrast to previously described genomes which only
presented genes related to tetracycline resistance. The
similarity of resistance genes context and the presence
of dispersed transposases in the accessory genome of
the Brazilian strain suggests the possibility of
horizontal gene transfer between streptococcal species.
Although S. porcinus is not frequently identified as a
swine pathogen, the possibility of the emergence of
invasive and resistant strains demands attention, posing
a risk for animals and workers in the swine industry.

Funding

This study was financed in part by the Coordination of
Improvement of Higher Education Personnel (CAPES) —
Finance Code 001 and the National Council for Scientific and
Technological Development (CNPq). CECM was recipient
of FAPESP fellowship (grant 2015/26159-1). APP was
recipient of FAPESP fellowship (grants 2017/09515-4 and
2019/01192-7). MSM was recipient of FAPESP fellowship
(grants 2019/17683-0). LZM was recipient of FAPESP
fellowship (grant 2016/25745-7) and CNPq (154900/2018-
4). AMM was a CNPq fellow (grant 312684/2022-3).

References

1. Collins MD, Farrow JAE, Katic V, Kandler O (1984)
Taxonomic studies on streptococci of serological groups E, P,
U and V: description of Streptococcus porcinus sp. nov. Syst
Appl Microbiol 5:  402-413. doi: 10.1016/S0723-
2020(84)80041-7.

2. Wessman GE (1986) Biology of the group E streptococci: a
review. Vet Microbiol 12: 297-328. doi: 10.1016/0378-
1135(86)90081-7.

3. Turni C, Meers J, Parke K, Singh R, Yee S, Templeton J, Mone
N, Blackall P, Barnes T (2021) Pathogens associated with
pleuritic pig lungs at an abattoir in Queensland Australia. Aust
Vet J 99: 163-171. doi: 10.1111/avj.13058.

4. WangY,GuoH,BaiY,LiT, XuR, SunT, Lu J, Song Q (2020)
Isolation and characteristics of multi-drug-resistant
Streptococcus porcinus from the vaginal secretions of sow with
endometritis. BMC Vet Res 16: 146. doi: 10.1186/s12917-020-
02365-9.

5. Monteiro MS, Matias DN, Poor AP, Dutra MC, Moreno LZ,
Parra BM, Silva APS, Matajira CEC, de Moura Gomes VT,
Barbosa MRF, Sato MIZ, Moreno AM (2022). Causes of sow
mortality and risks to post-mortem findings in a Brazilian

10.

11.

12.

13.

14.

15.

16.

17.

18.

J Infect Dev Ctries 2024; 18(10):1576-1582.

intensive swine production system. Animals (Basel) 12: 1804.
doi: 10.3390/ani12141804.

Facklam R, Elliott J, Pigott N, Franklin AR (1995).
Identification of Streptococcus porcinus from human sources.
J Clin Microbiol 33: 385-388. doi: 10.1128/jcm.33.2.385-
388.1995.

Duarte RS, Barros RR, Facklam RR, Teixeira LM (2005).
Phenotypic and genotypic characteristics of Streptococcus
porcinus isolated from human sources. J Clin Microbiol 43:
4592-4601. doi: 10.1128/JCM.43.9.4592-4601.2005.

Huang K, Zhang Q, Song Y, Zhang Z, Zhang A, Xiao J, Jin M
(2016) Characterization of spectinomycin resistance in
Streptococcus suis leads to two novel insights into drug
resistance  formation and  dissemination mechanism.
Antimicrob Agents Chemother 60: 6390-6392. doi:
10.1128/AAC.01157-16.

Bekal S, Gaudreau C, Laurence RA, Simoneau E, Raynal L
(20006) Streptococcus pseudoporcinus sp. nov., a novel species
isolated from the genitourinary tract of women. J Clin
Microbiol 44: 2584-2586. doi: 10.1128/JCM.02707-05.
Matajita CEC, Poor AP, Moreno LZ, Monteiro MS, Dalmutt
AC, Gomes VTM, Dutra MC, Barbosa MRF, Sato MIZ,
Moreno AM (2020) Vagococcus sp. a porcine pathogen:
molecular and phenotypic characterization of strains isolated
from diseased pigs in Brazil. J Infect Dev Ctries 14: 1314—
1319. doi: 10.3855/jidc.12081.

Poor AP, Moreno LZ, Monteiro MS, Matajira CEC, Dutra MC,
Leal DF, Silva APS, Gomes VTM, Barbosa MRF, Sato MIZ,
Moreno AM (2022) Vaginal microbiota signatures in healthy
and purulent vulvar discharge sows. Sci Rep 12: 9106. doi:
10.1038/s41598-022-13090-8.

Hijazin M, Hassan AA, Alber J, Lammler C, Timke M,
Kostrzewa M, Prenger-Berninghoff E, Zschock M (2012)
Evaluation of matrix-assisted laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF MS) for species
identification of bacteria of genera Arcanobacterium and
Trueperella. Vet  Microbiol  157:  243-245.  doi:
10.1016/j.vetmic.2011.12.022.

Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-van
Dillen PM, van der Noordaa J (1990) Rapid and simple method
for purification of nucleic acids. J Clin Microbiol 28: 495-503.
doi: 10.1128/jcm.28.3.495-503.1990.

Glazunova OO, Raoult D, Roux V (2009) Partial sequence
comparison of the rpoB, sodA, groEL and gyrB genes within
the genus Streptococcus. Int J Syst Evol Microbiol 59: 2317—
2322. doi: 10.1099/ij5.0.005488-0.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA
X: molecular evolutionary genetics analysis across computing
platforms. Mol Biol Evol 35: 1547-1549. doi:
10.1093/molbev/msy(096.

McLauchlin J, Ripabelli G, Brett MM, Threlfall EJ (2000)
Amplified fragment length polymorphism (AFLP) analysis of
Clostridium perfringens for epidemiological typing. Int J Food
Microbiol 56: 21-28. doi: 10.1016/S0168-1605(00)00227-0.
van Belkum A, Tassios PT, Dijkshoorn L, Haeggman S,
Cookson B, Fry NK, Fussing V, Green J, Feil E, Gerner-Smidt
P, Brisse S, Struelens M (2007) Guidelines for the validation
and application of typing methods for use in bacterial
epidemiology. Clin Microbiol Infect 13: 1-46. doi:
10.1111/5.1469-0691.2007.01786.x.

Seemann T (2014) Prokka: rapid prokaryotic genome
annotation.  Bioinformatics ~ 30:  2068-2069.  doi:
10.1093/bioinformatics/btul53.

1581



Matajira et al. — Streptococcus porcinus from diseased swine

19.

20.

21.

22.

23.

24.

25.

26.

27.

Zankari E, Hasman H, Cosentino S, Vestergaard M,
Rasmussen S, Lund O, Aarestrup FM, Larsen MV (2012)
Identification of acquired antimicrobial resistance genes. J
Antimicrob Chemother 67: 2640-2644. doi:
10.1093/jac/dks261.

Carattoli A, Zankari E, Garcia-Fernandez A, Voldby Larsen M,
Lund O, Villa L, Moller Aarestrup F, Hasman H (2014) In
silico detection and typing of plasmids using PlasmidFinder
and Plasmid Multilocus Sequence Typing. Antimicrob Agents
Chemother 58: 3895-3903. doi: 10.1128/AAC.02412-14.
Page AJ, Cummins CA, Hunt M, Wong VK, Reuter S, Holden
MTG, Fookes M, Falush D, Keane JA, Parkhill J (2015) Roary:
rapid large-scale prokaryote pan genome analysis.
Bioinformatics 31: 3691-3693. doi:
10.1093/bioinformatics/btv421.

Alikhan N-F, Petty NK, Ben Zakour NL, Beatson SA (2011)
BLAST ring image generator (BRIG): simple prokaryote
genome comparisons. BMC Genomics 12: 402. doi:
10.1186/1471-2164-12-402.

Letunic I, Bork P (2019) Interactive tree of life (iTOL) v4:
recent updates and new developments. Nucleic Acids Res 47:
W256-W259. doi: 10.1093/nar/gkz239.

Pérez-Sancho M, Vela Al, Garcia-Seco T, Gonzalez S,
Dominguez L, Fernandez-Garayzabal JF (2017) Usefulness of
MALDI-TOF MS as a diagnostic tool for the identification of
Streptococcus species recovered from clinical specimens of
pigs. PLoS One 12: 1-10. doi: 10.1371/journal.pone.0170784.
Abdulmawjood A, Weil R, Lammler C (1998) Species
identification of Streptococcus porcinus by restriction
fragment length polymorphism analysis of 16S ribosomal
DNA. Res Vet Sci 65: 85-86. doi: 10.1016/S0034-
5288(98)90033-9.

Weinert LA, Chaudhuri RR, Wang J, Peters SE, Corander J,
Jombart T, Baig A, Howell KJ, Vehkala M, Viliméki N, Harris
D, Chieu TTB, Van Vinh Chau N, Campbell J, Schultsz C,
Parkhill J, Bentley SD, Langford PR, Rycroft AN, Wren BW,
Farrar J, Baker S, Hoa NT, Holden MTG, Tucker AW, Maskell
DJ, Bossé JT, Li Y, Maglennon GA, Matthews D, Cuccui J,
Terra V (2015) Genomic signatures of human and animal
disease in the zoonotic pathogen Streptococcus suis. Nat
Commun 6: 6740. doi: 10.1038/ncomms7740.

Estrada AA, Gottschalk M, Rossow S, Rendahl A, Gebhart C,
Marthaler DG (2019) Serotype and genotype (multilocus

28.

29.

30.

31.

32.

J Infect Dev Ctries 2024; 18(10):1576-1582.

sequence type) of Streptococcus suis isolates from the United
States serve as predictors of pathotype. J Clin Microbiol 57: 1—
16. doi: 10.1128/JCM.00377-19.

Rehm T, Baums CG, Strommenger B, Beyerbach M, Valentin-
Weigand P, Goethe R (2007) Amplified fragment length
polymorphism of Streptococcus suis strains correlates with
their profile of virulence-associated genes and clinical
background. J Med Microbiol 56: 102-109. doi:
10.1099/jmm.0.46616-0.

Shewmaker PL, Steigerwalt AG, Whitney AM, Morey RE,
Graziano JC, Facklam RR, Musser KA, Merquior VLC,
Teixeira LM (2012) Evaluation of methods for identification
and determination of the taxonomic status of strains belonging
to the Streptococcus porcinus-Streptococcus pseudoporcinus
complex isolated from animal, human, and dairy sources. J
Clin Microbiol 50: 3591-3597. doi: 10.1128/JCM.01481-12.
Huang J, Ma J, Shang K, Hu X, Liang Y, Li D, Wu Z, Dai L,
Chen L, Wang L (2016) Evolution and diversity of the
antimicrobial resistance associated mobilome in Streptococcus
suis: a probable mobile genetic elements reservoir for other
streptococci. Front Cell Infect Microbiol 6: 1-14. doi:
10.3389/fcimb.2016.00118.

Martin C, Fermeaux V, EyraudJ-L, Aubard Y (2004)
Streptococcus porcinus as a cause of spontaneous preterm
human stillbirth. J Clin Microbiol 42: 4396-4398. doi:
10.1128/JCM.42.9.4396-4398.2004.

Pereira N, Powell AM, Nyirjesy P, Plante LA (2013)
Vaginorectal Streptococcus porcinus in pregnancy. J Low
Genit Tract Dis 17: el8—e2l. doi:
10.1097/LGT.0b013e318280407c.

Corresponding author

Andrea Micke Moreno, MSc, PhD.

Department of Preventive Veterinary Medicine and Animal Health,
School of Veterinary Medicine and Animal Science,

University of Sdo Paulo, Av. Prof. Dr. Orlando Marques de Paiva,
87; Cidade Universitaria; 05508-270, Sao Paulo/SP, Brazil.

Tel: 55 11 3091-1377

Fax: 5511 3091-7928

Email: morenoam@usp.br

Conflict of interests: No conflict of interests is declared.

1582



Matajira et al. — Streptococcus porcinus from diseased swine

Annex — Supplementary Items

J Infect Dev Ctries 2024; 18(10):1576-1582.

Supplementary Figure 1. Maximum likelihood tree of partial groEL sequences of Streptococcus spp.
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Supplementary Figure 2. Pan-genome analyses of studied S. porcinus. Core-genome phylogenetic tree associated with Roary core and
accessory genes matrix demonstrated by blue (present) and white (absent).
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