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a b s t r a c t

Strangles is one of the most frequently diagnosed equine respiratory infectious diseases in
the world. It is caused by Streptococcus equi subsp. equi (S. equi), and it is an acute infection
characterized by pyrexia, nasal discharge, pharyngitis, and abscessation of lymph nodes.
Frequently, healthy horses might continue to harbor S. equi after clinical recovery.
Although the genetic distance between S. equi isolates is short, strains can be differentiated
by pulsed-field gel electrophoresis (PFGE) and single locus sequence typing for epidemi-
ological studies. The aim of this study was to characterize by PFGE Argentine isolates of S.
equi obtained from horses with acute strangles and those that had recovered. Bacterial
isolation and identification of 80 S. equi isolates by phenotypic and genotypic tests were
performed using samples from 29 horses with acute strangles and 95 from healthy ani-
mals. Also, the isolates were characterized by PFGE using Bsp120I and SmaI. Visual com-
parison of macrorestriction patterns generated with both enzymes revealed three different
DNA fragment profiles with variations of one or two bands. Interestingly, an identical
profile was found in isolates from the same horse and from horses that were infected at the
same time, and the horses recovered from strangles continue to carry the same strain.
Some vaccinated horses have been mild infected for a different strain from that of carriers
suggesting other source of infection. This is the first molecular characterization of
Argentine isolates of S. equi, which shows the presence of three strains between 2010 and
2013 in Buenos Aires.

� 2017 Elsevier Inc. All rights reserved.
1. Introduction

Strangles is one of the most frequently diagnosed
equine respiratory infectious diseases in the world caused
by Streptococcus equi subsp. equi (S. equi) [1–4]. Strangles,
which was first reported by Ruffus in 1251, is an acute
infection characterized by pyrexia, nasal discharge,
iversidad de Buenos
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pharyngitis, and abscessation of submandibular and ret-
ropharyngeal lymph nodes [2,4,5]. An important compli-
cation of strangles is the extension of the infection to the
guttural pouches, causing guttural pouch empyema and
masses of purulent material called chondroids [2,4,6–8].
Also, clinically healthy horses might continue to harbor S.
equi in guttural pouches and nasopharynx after clinical
recovery [4,6,9–11], and may thus transmit the bacterium
to susceptible naïve horses. Carrier horses are considered
one of the main sources of infection, and these horses
contribute to maintaining the disease in a same farm.
Other complications of the disease include metastatic
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abscessation of different organs called “bastard strangles”
[1,4,10] and immune-mediated complications such as pur-
pura hemorrhagica [4,8,12]. Diagnosis of strangles is based
on clinical signs, bacteriological isolation, and polymerase
chain reaction (PCR) testing of nasal swabs, nasal or gut-
tural pouch washes, or pus from abscesses [1,12]. A triplex
PCR assay targeted the eqbE, SEQ2190, and SZIC genes has
been more sensitive than culture tests, and this may indi-
cate that the S. equi culture tests should not be considered
the gold-standard test for this organism [13].

S. equi is b-hemolytic, Gram-positive coccus, of Lance-
field group C and a host-restricted pathogen [3,10]. Viru-
lence factors of S. equi include the hyaluronic acid capsule,
antiphagocytic SeMprotein, streptolysin, streptokinase, and
pyrogenic superantigens [10]. S. equi is derived from an
ancestral strain of Streptococcus equi subsp. zooepidemicus
(S. zooepidemicus) [14], which is a commensal of equine
mucosa and an opportunistic pathogen of horses and other
animals [10,15–17]. S. equi strain 4047 and S. zooepidemicus
strain H70 genomes have been sequenced and compared by
Holden et al [14]. S. equi strain 4047 has gained and lost
genes in its evolution, which may have contributed to the
increased pathogenesis of S. equi [14]. The gene gain events
include the acquisition of 4 prophages (phiSeq1, phiSeq2,
phiSeq3, and phiSeq4), which contain genes encoding
phospholipaseA2 (SlaA) and superantigens SeeH, SeeI, SeeL,
and SeeM, and the integrative conjugative element ICESe2,
which produces a potential siderophore (equibactin).

The presence of S. zooepidemicus couldmake the isolation
of S. equi from nasopharyngeal swabs difficult, especially
swabs of carrier horses, because of their similar appearance
[18]. Differentiation of both subspecies is traditionally based
on their different ability to ferment ribose, lactose, trehalose,
and sorbitol [8,14]. Also, a molecular differentiation based on
PCR testing of S. equi targeted the seM gene and genes for the
superantigens seeH, seeI, seeL, and seeM has been used [19].
Webb et al. [13] have obtained PCR positive results in sam-
ples which were S. equi negative, but other b-hemolytic
streptococci positive by culture, highlighting the difficulty of
isolating S. equi from mixed cultures [13].

Subtyping of bacteria may be performed for molecular
epidemiology [20] including to study bacterial population
genetics, pathogenesis, natural history of infection, and
epidemiological surveillance of infectious diseases [21,22].
Macrorestriction analysis by pulsed-field gel electropho-
resis (PFGE) is a useful technique for genome fingerprinting
of bacterial and yeast pathogens [20,22]. Nevertheless, an
appropriate interpretation of the different patterns is the
key for epidemiological studies [20–22].

Pulsed-field gel electrophoresis using the restriction
enzymes SmaI, ApaI, and NotI were performed to charac-
terize Streptococci in several epidemiological studies
[15,16,23,24]. However, only a few of these studies were
carried out to characterize S. equi isolates [25–27]. Other
molecular characterizations of S. equi were performed
using random polymorphic DNA amplification techniques
(ERIC PCR, rep-PCR, and BOX PCR) and ribotyping with
different restriction enzymes, but none of them could
discriminate between the isolates [26]. Also, the single
locus sequence typing (SLST), which is based on sequencing
the 5’-region of the seM gene, is being used as an
epidemiological tool to subtype the S. equi strains [27–31].
However, the N terminus of the SeM protein may be
truncated in some isolates recovered from carrier horses
[5,31]. Although the genetic distance between S. equi iso-
lates is very short, clinical S. equi strains can be differenti-
ated by PFGE, SLST [25–27], and also by genome sequencing
with different discriminatory power.

Buenos Aires is the province with the highest stock of
horses and equine stables in Argentina [32], and strangles is
a major infectious disease affecting the equine population
and consequently the equestrian industry. Commercial S.
equi bacterin is available for prevention of strangles,
although practitioners in Argentina have not had successful
results with these one, so they prefer to vaccine horses with
autologous immunogens. Knowledge of epidemiological
characteristics of the disease in Buenos Aires province
could contribute to improving the control of infection.

The aim of this study was to characterize by PFGE
Argentine clinical isolates of S. equi obtained from horses
with clinical signs and those that were clinically recovered
in different stables in Buenos Aires province.

2. Materials and Methods

2.1. Samples

Samples were collected from horses with acute stage
strangles and healthy horses recovered from the diseasewere
collected from several stables in different parts of Buenos
Aires province between 2010 and 2013 (Tables 1 and 2).
The data of the animals and the stables were recorded,
and clinical and epidemiological records were completed.

There needs to be a Ethical statement on animal care in
the Method section.

Acute stage: samples from abscesses (submandibular,
retropharyngeal, and inguinal lymph nodes), nasal swabs,
nasopharyngeal swabs, and guttural pouches were
collected from 29 horses in outbreaks (n ¼ 17) occurring in
14 different stables (Table 1). Persistent stage: nasopha-
ryngeal swabs from 95 healthy horses were collected by
passing a guarded swab to the level of the common phar-
ynx via the ventral nasal meats (Table 2).

2.2. Bacterial Isolation and Identification

The sampleswereplated onhorse blood agar (blood agar
base; Britania, Argentina), with 10% citrated adult horse
blood and incubated at 37�C with a CO2-enriched atmo-
sphere for 48 hours. Differently sized b-hemolytic colonies
(small [Ch]: 0.5–1 mm, medium [Md]: 2–3 mm, and large
[Gd] �4 mm) were selected from each sample and sub-
cultured for 24 hours. The Gram staining, catalase test,
Streptococcal Grouping Kit (Oxoid, England), and API 20
Strep (bioMérieux, France) were used to identify S. equi. The
isolateswerepreservedby freezingat�20�C in20%glycerol.

2.3. Multiplex Polymerase Chain Reaction

Isolates were incubated in Todd Hewitt Broth (Britania,
Argentina) at 37�C for 48 hours, and then washed twice in
1X TE buffer (Tris-HCl 1M, EDTA 0.5M, milli-Q water, pH 8).



Table 1
Horses with clinical signs.

Stable City Number of
Outbreak

Outbreak Horse Sample Isolates Bsp120I PFGE
Pulsotype

SmaI PFGE
Pulsotype

PFGE
Profile

1 Pilar 1 November/
2010

E1 SM LN p UBA1Ch, UBA1Gd 1 1 1/1

E2 SM LN p UBA2Ch, UBA2Gd 1 1 1/1
4 Baradero 2 March/2011 E7 SM LN p UBA7 1 1 1/1

E8 GP p UBA8Ch, UBA8Md,
UBA8Gd

1 1 1/1

5 Trenque 3 May/2011 E9 SM LN p UBA9Ch, UBA9Md 2 3 2/3
Lauquen E10 SM LN p UBA10Ch, UBA10Md,

UBA10Gd
2 3 2/3

6 Daireaux 4 May/2011 E11 SM LN p UBA11Ch, UBA11Md,
UBA11Gd

2 3 2/3

E12 SM LN p UBA12Ch, UBA12Md,
UBA12Gd

2 3 2/3

9 Olavarría 5 June/2011 E15 SM LN p UBA15Ch, UBA15Md,
UBA15Gd

2 3 2/3

E16 SM LN p UBA16Md, UBA16Gd 2 3 2/3
9 June/2012 E25 RF LN p UBA25Ch, UBA25Md,

UBA25Gd
2 3 2/3

E26 ING LN p UBA26Ch, UBA26Md,
UBA26Gd

2 3 2/3

12 Mones 6 May/2012 E19 SM LN p UBA19Ch, UBA19Md,
UBA19Gd

2 3 2/3

Cazón E20 SM LN p UBA20Ch, UBA20Md,
UBA20Gd

2 3 2/3

13 Daireaux 7 May/2012 E21 SM LN p UBA21Ch, UBA21Md,
UBA21Gd

2 3 2/3

E22 SM LN p UBA22Ch, UBA22Md,
UBA22Gd

2 3 2/3

14 Luján 8 May/2012 E23 SM LN p UBA23Ch, UBA23Md,
UBA23Gd

2 3 2/3

E24 SM LN p UBA24Ch, UBA24Md,
UBA24Gd

2 3 2/3

15 Trenque 10 August/2012 E27 SM LN p UBA27Md, UBA27Gd 1 1 1/1
Lauquen E28 SM LN p UBA28Md, UBA28Gd 1 1 1/1

16 Capilla del 13 April/2012 E31 SM LN p UNICEN31 1 1 1/1
Señor 11 August/2012 E29 SM LN p UBA29Ch, UBA29Md,

UBA29Gd
2 3 2/3

15 May/2013 E35 SM LN p UBA35 3 2 3/2
17 Roque

Pérez
12 January/2013 E30 SM LN p UBA30Md, UBA30Gd 2 3 2/3

18 Bahía
Blanca

14 March/2013 E32 SM LN p UBA32Ch, UBA32Md 2 3 2/3

E33 SM LN p UBA33Md 2 3 2/3
E34 SM LN p UBA34Ch, UBA34Md 2 3 2/3

19 Pilar 16 May/2013 E37 SM LN p CRESAL37 2 3 2/3
21 Lobos 17 March/2013 E39 SM LN p UBA39Ch, UBA39Gd 2 3 2/3

Abbreviations: Ch, small colonies; E, enfermo (acute infection); Gd, large colonies; GP, guttural pouches; ING, inguinal; LN, lymph nodes; Md, medium
colonies; p, puncture; PFGE, pulsed-field gel electrophoresis; RF, retropharyngeal; SM, submandibular; UBA, Universidad de Buenos Aires.
Comparison of PFGE pulsotypes of strains of S. equi isolated from horses with clinical signs of strangles in Buenos Aires province, between 2010 and 2013.
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After that, the resultant cell pellet was resuspended in
250 mL of 1X TE buffer and DNA extraction was performed
using 5 mL of proteinase K (15 mg/mL, Invitrogen, Germany)
for 120 minutes at 56�C and for 15 minutes at 100�C.

Multiplex PCRwith forward primers sodA-F (50-CAG CAT
TCC TGC TGA CAT TCG TCA GG-30) and seeH-F (50-AGC ATG
ATT CTA ACT TAA TTG AAG CCG-30), and reverse primers
sodA-R (50-CTG ACC AGC CTT ATT CAC AAC CAG CC-30) and
seeH-R (50-TAG CAT GCT ATT AAA GTC TCC ATT GCC-30) was
performed as had been described by Alber et al. [19] to
amplify the sodA and seeH genes encoding the superoxide
dismutase A and the exotoxins SeeH, respectively. The PCR
reaction was performed in a final volume of 25 mL con-
taining 5 mL of 5X Green GoTaq Buffer (Promega, Madison,
WI, USA), 1 mL of deoxynucleotide triphosphate (20 mM,
Fermentas, Burlington), 1 mL of each primer (10 pmol/mL),
0.2 mL of GoTaq DNA Polymerase (Promega), 2 mL of DNA
template, and 13.8 mL of water. Polymerase chain reaction
was carried out using 35 cycles of 94�C for 30 seconds, 53�C
for 30 seconds, and 72�C for 1 minute by Mastercycler
gradient thermocycler (Eppendorf, Spain). The amplifica-
tion products were observed in 1.5% agarose gel (Bio-
dynamics, Argentina) stained with ethidium bromide.

The reference strains ATCC 33398 and ATCC 700400
obtained from the ATCC Licensed Derivative Strains
(Medica-Tec, Argentina) were included in the experiment
as positive controls of the PCR. The UBA 393/07 S. equis
train obtained previously from a horse with acute strangles
in Buenos Aires was used as a positive control for the
multiplex PCR.



Table 2
Clinical healthy horses.

Stable City Date of
Isolation

Horse Sample Number/
Date of
Outbreak

Isolates Bsp120I PFGE
Pulsotype

SmaI PFGE
Pulsotype

PFGE
Profile

16 Capilla del February/
2013

P9 NF swab 11 UBAP9 2 3 2/3

Señor P22 NF swab January/
2013

UBAP22-1,
UBAP-22-2

2 3 2/3

P56 NF swab 11 UBAP56-1, UBAP56-2,
uBAP56Gd

2 3 2/3

June/2013 P88 NF swab 15 UBAP88Md, UBAP88Gd 3 2 3/2
P90 NF swab 15 UBA90Md 3 2 3/2
P91 NF swab 15 UBAP91-1Gd, UBAP91-

2Gd
3 2 3/2

P93 NF swab 15 UBAP93Gd 3 2 3/2
17 Roque Pérez March/2013 P69 NF swab July/2012 UBAP69Gd 2 3 2/3

Abbreviations: Gd, large colonies; Md, medium colonies; NF, nasopharyngeal; P, portador (carrier); PFGE, pulsed-field gel electrophoresis; UBA, Universidad
de Buenos Aires.
Comparison of PFGE pulsotypes of strains of S. equi isolated from healthy horses recovered from four different outbreaks in Buenos Aires province, between
2012 and 2013 from two stables.
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2.4. Pulsed-Field Gel Electrophoresis

Bacteria were grown on blood agar plates (bio-
Mérieux, France) at 37�C for 48 hours, and then washed
twice in 1X TE buffer. The inoculum was adjusted to 25%
transmittance at the colorimeter (bioMérieux Vitek, Inc)
and 240 mL of this suspension was mixed with 60 mL of
lysozyme (Sigma-Aldrich) 10 mg/mL. After 3 hours at
37�C and 30 minutes at 60�C, the suspension was mixed
with 300 mL of SSP (267 mL of 1.2% MP agarose [Roche,
Germany], 30 mL of 10% sodium dodecyl sulfate, and 3 mL
of proteinase K [Roche, Germany] 20 mg/mL) and was
poured into plug molds (Bio-Rad, Hercules, CA, USA).
After solidification at 4�C, the plugs were removed and
incubated in 4 mL of lysis buffer (Tris-HCl 1M, EDTA
0.5M, sodium lauroyl sarcosinate, Milli-Q water and
0.3 mg/mL of proteinase K) overnight at 54�C in a shaking
water bath. The plugs were washed twice in Milli-Q
water and six times in 1X TE buffer at 50�C for 15–
20 minutes each time.

For the enzymatic restriction, 1/3 of the plugs were
incubated with 10 U of Bsp120I (Thermo Scientific, Wal-
tham, MA, USA) and 10 U of SmaI (Thermo Scientific) in 10%
of an appropriate buffer at 37�C and 30�C, respectively, for
24 hours and after that, the plugs were stored in 0.5X TBE
buffer (Tris 0.9M, boric acid 0.9M, EDTA 0.5M, Milli-Q
water, pH 8) at 4�C.

DNA fragments were resolved by using a 1% gel (MP
agarose Sigma-Aldrich in 0.5X TBE buffer) on a PFGE
apparatus, CHEF-DR III (Bio-Rad, Spain), at 6 V/cm for
25 hours, with switching times ramped from 0.1 to 15 sec-
onds at 14�C, with an angle of 120�. Gel were stained with
SYBR Safe (Invitrogen, Carlsbad, CA, USA) and photo-
graphed on Fluor-S transilluminator using Molecular Image
Gel Doc (Bio-Rad, Spain). A lambda ladder marker (Mid-
Range II PFG Marker, Biolabs, England) and Salmonella
serotype Braenderup strain (H9812) digested with XbaI
(Thermo Scientific) were used as molecular weight stan-
dards. In addition, the ATCC 33398 strain was used in the
study.
2.5. Molecular Analysis

The genetic relationship among isolates was evaluated
following the criteria of Tenover et al [33]. Also, degrees of
similarity between strains based on Bsp120I digestionwere
calculated with 1.5% tolerance and 1.5% optimization by
applying the band-based Dice similarity coefficient, and
clustering analysis was performed using the UPGMA
method by the BioNumerics software (Applied Maths,
BVBA, Belgium).

3. Results

3.1. Bacterial Isolation and Identification

A total of 80 isolates of S. equiwere obtained: 67 from 29
horses with clinical signs (Table 1) and 13 isolates from
eight healthy horses (Table 2). Although we found some
variation in the size of colonies, most were large and
mucoid (Tables 1 and 2). The b-hemolytic bacteria such as S.
zooepidemicus and Streptococcus dysgalactiae subsp. equi-
similis were also obtained from nasopharynx of healthy
horses and animals with acute strangles.

3.2. Multiplex Polymerase Chain Reaction

All isolates identified as S. equi by biochemical and
Lancefield streptococcal grouping tests showed amplicons
with sizes of approximately 230 bp and 500 bp corre-
sponding to the sodA and seeH genes, respectively.

3.3. Pulsed-Field Gel Electrophoresis

All S. equi isolates displayed SmaI and Bsp120I restriction
endonuclease digestion profiles. Visual comparison of
macrorestriction patterns generated with the SmaI and
Bsp120I enzymes revealed three different DNA fragment
profiles with variations of one or two bands (Figs. 1–3).
Pulsotypes were assigned with consecutive numbers. A
dendrogram constructed using the UPGMA method with
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BioNumerics software showed the strains shared over 95%
similarity in their PFGE pattern (data not shown).

Fifty-four isolates from 20 animals with acute strangles
and seven isolates from three carrier animals were classi-
fied in the same genetic profile (profile 2/3: pulsotype 2
with Bsp120I and 3 with SmaI), which therefore predomi-
nated. Interestingly, the other 19 isolates were classified
into two patterns (profile 1/1: pulsotype 1 with Bsp120I
and 1 with SmaI; and profile 3/2: pulsotype 3 with Bsp120I
and 2 with SmaI) that were closely related to the outbreak
strain because they have only one or two different bands.
Twelve isolates from horses with acute strangles and six
isolates from carriers showed the profile 1/1, and only one
isolate from clinical strangles showed the profile 3/2.

It is worth pointing out that the same PFGE profile was
found in isolates obtained from the same horse, and also
the same PFGE profile was detected in isolates obtained
from horses, which had acute infections at the same time.

Tables 1 and 2 show PFGE pulsotypes and epidemio-
logical data of the isolates obtained from acute and
persistent stage, respectively.

4. Discussion

Strangles in an endemic infectious disease affecting
horses in Argentina. A high number of outbreaks has been
produced in several farms in the last years that produces
large economic losses. The present study describes mo-
lecular approaches using PFGE to characterize S. equi iso-
lates to distinguish strains circulating in different stables in
Buenos Aires, Argentina, and this information may
contribute in the knowledge of the S. equi behavior. The
samples from horses with acute strangles infection and
Fig. 1. Pulsotypes. PFGE pulsotypes of DNA of S. equi strains after SmaI and Bsp120I d
each enzyme are displayed in black and variable bands in grey. (A) PFGE pulsotypes
1; lanes 3, 6: pulsotype 2; lanes 4, 7: pulsotype 3. (B) PFGE pulsotypes after Bsp120
3, 6: pulsotype 2; lanes 4, 7: pulsotype 3. PFGE, pulsed-field gel electrophoresis.
healthy animals, between 2010 and 2013, represented a
wide geographic distributionwithin Buenos Aires province.

As mentioned in section 1, several studies have demon-
strated that the population of S. equi is genetically closely
related [25–31,34–36]. In our study, isolates were classified
in only three profiles using SmaI (Figs. 1 and 2) and Bsp120I
(Figs. 1 and 3). The predominant profile, had pulsotype 2
withBsp120I and3with SmaI (profile 2/3). Theother isolates
showed one or two fragments of difference with this strain
(Figs. 1 and 2) and were classified as closely related. The
reference strain ATCC 33398 was considered unrelated to
the predominant strain because it had variations on more
than seven bands (data not shown) and it may be related
with the different geographic and temporal source of strains
suggesting the epidemiological usefulness of the PFGE.
Although Tenover et al. guidelines [33] are frequently used,
other researchers [25–27] consider different strains of S.
equi when the isolates show at least one band of difference
in their PFGE profiles. The present study reveals the pres-
ence of three strains by PFGE anddiscriminatory powermay
be higher adding other molecular techniques.

It is interesting to point out the fact that our 80 S. equi
isolates presented 16 constant fragment sizes with Bsp120I
digestion and five constant fragment sizes with SmaI and
only one or two different bands with both enzymes (Fig. 1).
Our results may be related to the restriction sites of both
enzymes in the S. equi reference strain 4047 genome [14].
SmaI cuts at 18 sites, most of which are in 16S rRNA, 23S
rRNA, and tRNA sequences and also in phiSeq1. Bsp120I cuts
at 45 sites, which are in 16S rRNA and in several other
predicted coding sequences throughout the genome
including three sites in phiSeq1, one site in phiSeq2, and
one site in phiSeq4. A collection of 224 geographically and
igestion and schematic PFGE pulsotypes where constant fragment sizes with
after SmaI digestion, lane 1: lambda ladder PFG marker; lanes 2, 5: pulsotype
I digestion, lane 1: lambda ladder PFG marker; lanes 2, 5: pulsotype 1; lanes



Fig. 2. SmaI PFGE pulsotypes. PFGE pulsotypes of DNA of Argentine S. equi strains after SmaI digestion, lane 1: lambda ladder PFG marker; lanes 2–5: SmaI
pulsotype 1; lanes 6–15, 17–21, and 24–27: SmaI pulsotype 2; lanes 22–23: SmaI pulsotype 3; lane 28: Salmonella serotype Braenderup strain (H9812) digested
with XbaI. PFGE, pulsed-field gel electrophoresis.
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temporally diverse S. equi isolates have been sequenced by
Harris et al. [34], and a low frequency of recombination
within the S. equi population has been found. An interesting
observation in the dynamics of the accessory genome is
that phiSeq1 appeared more dynamic, with evidence of
alternative but related prophages in the accessory genomes
of isolates [34] and this could explain the different PFGE
profiles obtained.

A chronological occurrence and spatial distribution of
the strains was observed (Table 1). The strainwith profile 1/
1 was first identified in two near cities, Pilar and Baradero,
Fig. 3. Bsp120I PFGE pulsotypes. PFGE pulsotypes of DNA of Argentine S. equi strains
serotype Braenderup strain (H9812) digested with XbaI; lane 3: Bsp120I pulsotyp
pulsotype 3. PFGE, pulsed-field gel electrophoresis.
in November 2010 and March 2011, respectively, and then,
in Capilla del Señor in April 2012 and in Trenque Lauquen in
August 2012. The strain with the most frequent profile
(profile 2/3) was also the most widely distributed and it
was found in Trenque Lauquen, Daireaux, Olavarría, Mones
Cazón, Luján, Capilla del Señor, Roque Pérez, Bahía Blanca,
Pilar, and Lobos between May 2011 and May 2013. Finally,
the strainwith profile 3/2 was isolated only from Capilla del
Señor in a horse with acute infection and carriers in May
2013 and June 2013, respectively. Although the profile 2/3
was found in different cities of Buenos Aires province, the
after Bsp120I digestion, lane 1: lambda ladder PFG marker; lane 2: Salmonella
e 1; lanes 4–8, 10–14, 16–21, and 23: Bsp120I pulsotype 2; lane 9: Bsp120I
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three PFGE profiles were identified in the largest equine
productive area of Buenos Aires province (near of Ciudad
Autónoma de Buenos Aires). Thesemay be possible because
the constant movement of the horses in this geographical
area permitting the mixing of different strains.

Our data highlighted the presence of different strains in
the same stable. Also, our results showed that the PFGE
profiles of isolates from carriers and the PFGE profile of
isolates obtained from horses that were infected in a pre-
vious outbreak were always the same. These occurred in
the horses that belonged to the stable 16 in Capilla del
Señor (Table 1): the strainwith profile 1/1 was the first one
in April 2012, the strainwith profile 2/3 was the second one
in August 2012, and the strain with profile 3/2 was the last
one in May 2013. Interestingly, in Capilla del Señor, the
profile 2/3 was identified in isolates that had been obtained
in the outbreak 13, in August 2012, and the same profile
had been found in isolates from horses recovered from this
outbreak (horses P9 and P56) 7 months later. Also, the
profile 2/3 was identified in isolates from the foal P22 that
had been the only one infected 1 month before, and the
profile 3/2 was found in isolates that had obtained in the
outbreak 15, and the same profile 1 month later was
identified from recovered animals (horses P88, P90, P91,
and P93). Unfortunately, the samples from the horses
recovered from the outbreak 13 that occurred in April of
2012 in Capilla del Señor could not be taken. Also, the PFGE
profile 2/3 was identified from horses with acute infection
(E30) and carriers (P69) from the same stable in Roque
Pérez. All these findings suggest that the horses recovered
from the same outbreak of strangles continue to carry the
same strain in agreeance with descriptions by other re-
searchers [6,9,37].

The same strain was isolated from horses with acute
infection in 2011 and 2012 in stable 9 in Olavarría (E15, E16,
E25, and E26). In this case, persistently infected horses
were able to maintain the strain in the stable and spread
the infection to naïve horses from one year to another
because these carriers were not treated to eliminate the
infection. On the other hand, the susceptible animals from
the stable in Capilla del Señor were vaccinated three times
per year with autologous immunogens manufactured with
strains isolated in the farm, as is the usual practice in
Argentina and Brazil. Nevertheless, vaccinated animals
have been mild infected with a different strain from that of
carriers in Capilla del Señor, which suggest that the carriers
were not the source of these infections. Another explana-
tion may be that the isolates may mutate in the naso-
pharynx or guttural pouches, and then these carriers have
been the source of infection for susceptible horses.
Although the epidemiological relevance of strangles car-
riers has been widely studied [2,4,7,9,37] and it is possible
that different healthy horses play a role as reservoirs of S.
equi [34,35], and these three strains may coexist in the
same stable in Capilla del Señor.

As previously mentioned, autologous vaccines have
usually used in Argentine. These vaccines are prepared
from a broth culture of freshly isolated S. equi inactivated
with formaldehyde and then inoculated in naïve horses to
prevent strangles. Clinical efficacy of this type of vaccine
has been reported by practitioners and by Brazilian
researches. Moboni et al. [38] have been obtained an
increased serum bactericidal activity and have reported a
lower incidence and severity of strangles in vaccinated
horses concluding that autologous immunogens may
confer a satisfactory protection against strangles in
endemic farms. Clinical efficacy may be related with some
immunogenic difference between isolates or with the fact
that recently isolated strains may have a better immuno-
genic power than laboratory strains used as bacterins.

Finally, our results are in agreement with other studies
that used several molecular methods to differentiate iso-
lates of S. equi and concluded that PFGE as a useful
discriminating method [25–27]. Nevertheless, PFGE is not
very good at discriminating closely related strains as it re-
lies on large-scale variation events or variation within the
limited number of restriction site sequences. Other mo-
lecular studies including SeM subtyping of S. equi should be
performed to increase the discriminatory power of the
technique and to compare local strains with other strains
isolated in other countries. Moreover, genome sequencing
would greatly improve the knowledge of these strains.

5. Conclusion

This is the first molecular characterization of Argentine
isolates obtained between 2010 and 2013 in Buenos Aires
province, Argentina. The relevance of this work resides in
the fact that identical profiles were found in isolates from
the same clinical sample and the same outbreak and it may
indicate that PFGE is a useful tool for tracing sources and
possible spread of the infection. Our findings also suggest
that the horses recovered from strangles continue to carry
the same strain in their nasopharynx. Some vaccinated
horses have been mild infected for a different strain from
that of carriers suggesting other source of infection so the
impact of the vaccination with autologous immunogens
should be investigated. Additional studies based on mo-
lecular characterization are needed to further investigate
the epidemiological relationship between these isolates.
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