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Abstract

Mastitis is one of the major problems challenging the dairy industry worldwide. Among the various organisms causing mastitis,
Staphylococcus aureus is considered to be one of the main pathogens causing this disease. In the present study 40 S. aureus
isolated from milk samples of clinical and subclinical mastitic cows from different farms in one area in Mexico, were genotypi-
cally compared. Using 62 different oligonucleotide primers and PCR reactions were carried out to detect genes for a number
of staphylococcal exoproteins, cell surface proteins, and two classes of the accessory regulator gene Agr. The investigated S.
aureus were uniformly positive for the gene segment encoding a S. aureus-specific part of the 23S rRNA, the genes encoding
thermostable nuclease (nuc), clumping factor (cIfA), coagulase (coa) and the gene segments encoding the Xr repetitive region
and the IgG binding region of protein A (spa). All tested strains were additionally positive for the hla, fnbA, ebpS and set1 genes
and negative for the sbi, sea, seb, sec, sed, see, seg, seh, sej, tst, eta and etb genes. The remaining genes, including hlb, fnbB,
cna (Domain A and B), cap5, cap8, agr class I, agr class Il and sei were detected in a variable number of isolates. Significant differ-
ences between the S. aureus strains isolated from clinical and subclinical cases could be observed in the size of gene cIfA, in the
distribution of amplicon sizes of gene coa and the Xr-encoding gene segment of gene spa and in the occurrence of the genes
hlb, fnbB, agr class | and agr class Il, respectively.
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Resumen

La mastitis constituye uno de los principales problemas que enfrenta en el ambito mundial la industria lechera. Entre los
diferentes microorganismos causantes de mastitis, el Staphylococcus aureus se considera como uno los principales agentes
patégenos que provocan la enfermedad. En la presente investigacion fueron comparadas genotipicamente 40 cepas de S. aureus
aisladas de muestras de leche de vacas con mastitis clinica y subclinica de varios establos en una regidon de México. Con el fin
de detectar genes para diferentes exoproteinas de estafilococos, proteinas celulares de superficie y dos clases del gen regulador
accesorio agr, se usaron 62 cebadores oligonucledtidos diferentes y la técnica de PCR. Los S. aureus investigados resultaron
uniformemente positivos para el segmento del gen 23S rARN, que codifica una parte especifica del S. aureus, y los genes que
codifican para la nucleasa termoestable (nuc), el factor aglutinante o clumping factor (cIfA), la coagulasa (coa) y los segmentos
de gen que codifican la region repetitiva Xr y el sitio enlazante de la IgG, para la proteina A (spa). Todas las cepas investigadas
fueron positivas ademas para los genes hla, fnbA, ebpS y setl, y negativas para los genes sbi, sea, seb, sec, sed, see, seg, seh,
sej, tst, eta y etb. Los genes restantes, incluyendo hlb, feb, cna (dominio A y B), cap5, cap8, agr clase |, agr clase Il y sei, fueron
detectados en un nimero variable de aislamientos. Se observaron diferencias significativas entre cepas de S. aureus aisladas de
casos de mastitis clinica y subclinica, en el tamafo del gen clfA, en la distribucion del tamano del amplificado para el gen coa, del
segmento codificador del gen Xr del gen spay en la presencia de los genes hlb, febB, agr clase | y agr clase II, respectivamente.
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Introduction

taphylococcus aureus is a well known bacterial

pathogen of both humans and animals. In

humans this bacterium causes food poisoning,
toxic shock and a variety of pyogenic infections ."* In
animals S. aureus is a major cause of mastitis in cows,
sheep and goats leading to severe economic losses
worldwide.”” S. aureus possesses various virulence fac-
tors associated with cell wall and extracellulars which
contribute to the pathogenicity of single strains of
this species. Most of these virulence factors have been
characterized biochemically, their genes have been
cloned and sequenced.”®’ The virulence factors cell
wall associated include surface receptors with binding
properties for immunoglobulins, fibrinogen, fibronec-
tin, collagen and various other external proteins."
The extracellular proteins secreted by S. aureus com-
prise, among others, a variety of staphylococcal entero-
toxins, called staphylococcal enterotoxins (SE) A to Q,
the exfoliative toxins A (ETA) and B (ETB), the toxic
shock syndrome toxin (TSST-1) and a newly described
exotoxin-like toxin group (SET 1-11).*""" Most of
these extracellular virulence factors are encoded by
mobile genetic elements such as plasmids, bacterio-
phages or pathogenicity islands which in turn enable
the horizontal spread among the S. aureus popula-
tion.**'° This may explain the varying occurrence and
distribution of these virulence factors among S. aureus
isolated from different origins. The information avail-
able about virulence patterns and the occurrence of
some of the newly described toxins or toxin genes
of S. aureus isolated from bovine milk samples or
from food products is limited."”*” At present no infor-
mation exists about genotypic characteristics of S.
aureus isolated from bovine mastitis in Mexico. The
present study was designed to genotypically investi-
gate S. aureus isolated from clinical and subclinical
cases of mastitic cows of one region in Mexico. These
results were compared with properties of previously
characterized S. aureus strains from Germany, Switzer-
land and Indonesia. 7'

Material and methods

Bacterial isolates, identification
and molecular characterization

A total of 40 S. aureus cultures from 40 different farms
in Jalisco state in Mexico were used in this study.
Among these 24 cultures were isolated from clinical
mastitis cases as described previously,” the remain-
ing 16 cultures were obtained from subclinical mas-
titic milk samples. The S. aureus isolated from clinical
mastitis were identified as described,”" and the bacte-
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Introduccion

1 Staphylococcus aureus es una bacteria patégena

ampliamente investigada en relacién con

enfermedades de animales y de humanos. En
éstos causa intoxicacién alimentaria, choque téxico y
una variedad de infecciones pi6genas.'" En animales
constituye la principal causa de mastitis; en vacas,
borregas y chivas es causante, en el ambito mundial,
de fuertes pérdidas econémicas.”” S. aureus posee
varios factores de virulencia asociados con la pared
celular y extracelulares, los cuales contribuyen a
favorecer la patogenicidad de cada cepa de esta
especie. La mayoria de los factores de virulencia antes
mencionados se han caracterizado bioquimicamente,
sus genes han sido clonados y secuenciados.”®’
Los factores de virulencia asociados con la pared
celular incluyen los receptores de superficie con
propiedades enlazantes para inmunoglobulinas,
fibrinégeno, fibronectina, colageno y varias otras
proteinas externas."’ Las proteinas extracelulares
secretadas por el S. aureus comprenden, entre otras,
la variedad de entertoxinas estafilococcicas conocida
como enterotoxinas estafilococcicas (SE) de la A a
la Q, las toxinas exfoliativas A (ETA) y B (ETB),
la toxina del sindrome de choque téxico (TSST-1)
y una exotoxina similar nueva en el grupo (SET
1-11).*""® La mayoria de esos factores de virulencia
extracelulares estan codificados por elementos méviles
genéticos, como plasmidos, bacteriéfagos o islas
de patogenicidad, que facilitan la diseminacion
horizontal de las poblaciones de S. aureus.>>'® Esto
ultimo explica las variaciones en la presentacion
y distribucién de los factores de virulencia entre
los S. awreus, aislados de diferentes origenes. La
informacién disponible de los patrones de virulencia
y la presentaciéon de algunas de las nuevas toxinas
o genes de toxinas de S. aureus aislados de muestras
de leche bovina o de productos alimentarios es ain
limitada.'™ Actualmente no existe informacién de
la caracterizacién genotipica de S. aureus aislados de
casos de mastitis bovina en México. Este trabajo es
util para caracterizar genotipicamente al S. aureus
aislado de casos de vacas con mastitis clinica y
subclinica de una regiéon de México. Los resultados
se compararon con propiedades de cepas de S. aureus
previamente caracterizadas, aisladas en Alemania,
Suiza e Indonesia.*"'®

Material y métodos

Aislamientos bacterianos. Identificacion
y caracterizacion molecular

Para este estudio se utilizaron 40 cultivos de S.



ria isolated from subclinical cases were identified by
using convential methods.” The isolates were further
characterized by molecular analysis amplifying the
gene encoding 23S rRNA* and the gene nuc encod-
ing staphylococcal thermostable nuclease.”

Isolation of genomic DNA was carried out by pick-
ing 3-5 colonies from freshly subcultured S. aureus.
The colonies were homogenized in 50 UL TE buffer
solution (10 mmol of Tris HC1/L, 1 mmol of EDTA/L,
pH 8.0), followed by the addition of 1 YL lysostaphin
(1.8 U/L).* After an incubation for 1 h at 37°C, 1 uL
proteinase K (15.1 mg/mL)** was added and the sus-
pension was reincubated for 2 h at 56°C. The protein-
ase K was finally inactivated through boiling of the
mixture for 10 min. After centrifugation at 10 000 g
for 5 min the supernatant was cooled on ice before use
in PCR.

For PCR amplification, the reaction mixture (20
ML) contained 0.7 PL of primer 1 (10 pmol/UL), 0.7 pL
of primer 2 (10 pmol/uL), 0.4 pL of deoxynucleoside
triphosphate (10 mmol/L; MBI),*** 2.0 uL of 10 x
thermophilic buffer,f 1.2 pL of MgCI2 (25 mmol/L),
0.1 UL of Taq DNA polymerase (5 U/uL), and 12.9 uL
of distilled water. Finally, 2.0 UL of DNA preparation
was added to each 0.2 pL reaction tube.

The tubes were subjected to thermal cycling with
the programs shown in Table 1. The presence of PCR
products was determined by electrophoresis of 10 pL
of the reaction product in a 2% agarose gel with 1 x
TAE buffer (40 mM Tris- HCI, 1 mM EDTA/L, 1.14
ML/L glacial acetic acid, pH 7,8) at 70 - 100 voltage.

A further investigation of the strains was per-
formed by PCR amplification of various virulence and
regulatory genes. This included the genes encoding
staphylococcal clumping-factor (clfA) and coagulase
(coa), the gene segments encoding the Xr-repetitive
region and the immunoglobulin G binding region of
staphylococcal protein A (spa), gene sbi, the alpha
and beta hemolysin encoding genes (hla and hlb),
the genes encoding fibronectin-binding protein A and
B (fnbA and fnbB) and the elastin-binding protein
(ebpS), the gene segments encoding the collagen
adhesin domains A and B (cna A and B), the genes
capb, cap8, setl, agr class I and II and the genes sea
to see and seg to sej, tst, eta and etb. The sequences
of the oligonucleotide primers, the thermocycler pro-
grams, the amplicon sizes, and the corresponding
references are summarized in Table 1. Reference cul-
tures used as positive controls were described previ-
ously.” Statistical analysis for the genes cIfA, spa (IgG
binding region), hlb, fnbB, cna, capb, cap8 and the
genes agr class I and agr class II were performed with
Fisher’s exact test. For the genes coa and spa (Xr-
region), the modified Fisher's exact test was used.

aureus de diversos establos en Jalisco, México. De esos
cultivos, 24 se aislaron de casos de mastitis clinica,
como se ha descrito previamente;21 los 16 cultivos
restantes se obtuvieron de muestras de leche con
mastitis subclinica. Los S. aureus aislados de mastitis
clinica fueron identificados como ya se ha descrito,
y las bacterias aisladas de casos subclinicos se
identificaron usando métodos convencionales.b
Posteriormente esos aislamientos se caracterizaron
mediante un analisis molecular, amplificando el gen
codificador del 23S rARN** y el gen nuc que codifica
para la nucleasa estafilocéccica termoestable.?

El aislamiento del ADN genémico se realizo
recolectando de tres a cinco colonias de un subcultivo
reciente de S. awreus. Las colonias fueron
homogenizadas en 50 UL de soluciéon amortiguadora
TE (10 mmol de Tris HCI/L, 1 mmol de EDTA/L,
pH 8.0), enseguida se agregé 1 pL de lysostafina (1.8
U/uL).* Después de una incubacién de 1 h a 37°C,
se anadi6é 1 YL de proteinasa K (15.1 mg/uL)** y la
suspension fue reincubada durante 2 h a 56°C. La
proteinasa K fue finalmente inactivada mediante la
ebulliciéon de la mezcla durante 10 min. Después de
centrifugar a 10 000 gdurante 5 min, el sobrenadante
fue enfriado en hielo para posteriormente utilizarlo
en PCR.

Para la amplificaciéon mediante PCR, la mezcla de
reaccion (20 L) contenia 0.7 pL del cebador 1 (10
pmol/uL), 0.7 pL del cebador 2 (10 pmol/uL), 0.4 pL
del trifosfato desoxinucleosido (10 mmol/L; MBI) ***
2.0 L del amortiguador termofilico 10 x,f 1.2 pL
de MgCl2 (25 mmol/uL; Promega), 0.1 UL de la Taq
ADN polimerasa (5 U/UL, Promega), y 12.9 pL de
agua destilada. Finalmente se agregaron 2.0 UL del
ADN preparado a cada uno de los tubos de 0.2 pL.

Esos tubos fueron sometidos a ciclos térmicos]
con los programas mostrados en el Cuadro 1. La
presencia de los productos de PCR se determiné por
electroforesis de 10 UL del producto de la reaccion en
un gel de agarosa al 2% con 1 x amortiguador TAE
(40 mM Tris- HCI, 1 mM EDTA/L, 1.14 uL./L de acido
acético glacial, pH 7,8) a un voltaje de 70-100.

Enseguida se realiz6 otra investigacion de las cepas
de S. aureus mediante la amplificaciéon por PCR de
varios factores de virulencia y de genes regulatorios,
la cual incluyé los genes codificadores del factor
aglutinante —mejor conocido como clumping-factor
(clfA)—y la coagulasa (coa), los segmentos del gen
que codifica la regiéon repetitiva Xr y el gen de la
proteina A estafiloc6ccica (spa), en una regiéon que

*Sigma, Deisenhofen, Germany.

**Boehringer, Mannheim, Germany.

***Fermentas, St. Leon-Rot, Germany.

ftPromega, Mannheim, Germany.

{Techne Progene, Wertheim, Germany or T3 thermocycler, Bio-
metra, Gottingen, Germany.
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Results

According to cultural and biochemical properties all
40 S. aureusisolates of the present study could be iden-
tified as S. aureus. The identification of the isolates
could be confirmed by PCR amplification of the S.
aureus specific genes encoding 23S rRNA, thermosta-
ble nuclease (nuc), clumping-factor (clfA) and coagu-
lase (coa) and by amplification of the gene segments
encoding the Xr repetitive region and the IgG bind-
ing region of protein A (spa). The amplicons of 23S
rDNA and nuc had a uniform size of approximately
1250 bp and 280 bp, respectively.

The genes or gene segments clfA, coa and spa dis-
played size polymorphisms. The amplification of clfA
gene revealed two different sized amplicons of 900
and 1000 bp. Among the S. aureus strains represent-
ing the clinical mastitic cow, 13 strains (54.2%) had
an amplicon size of 900 bp, while 11 strains (45.8%)
had an amplicon size of 1000 bp.

Among the S. aureus strains obtained from sub-
clinical mastitis 2 (12.5%) strains had a cIfA ampli-
con size of 900 bp and 14 (87.5%) strains an amplicon
size of 1000 bp. The amplification of coa gene yielded
amplicon sizes ranging from 500 bp to 840 bp. In
the S. aureus group from clinical mastitis, the ampli-
cons showed sizes of 500 bp for 3 (12.5%), 670 bp for
13 (54.1%), 750 bp for 3 (12.5%) and 840 bp for 5
(20.8%) isolates, respectively. The S. aureus obtained
from subclinical mastitis had amplicon sizes of 500
bp for 1 (6.3%), 600 bp for 3 (18.8%), 670 bp for
3 (18.8%), 750 bp for 1 (6.3%) and 840 bp for 8
(50%) isolates, respectively. The amplicon sizes of
coa gene of 500 bp, 600 bp, 670 bp, 750 bp and 840
bp corresponded to a number of 4, 5, 6, 7 and 8
repeats, respectively. By amplification of the Xr repet-
itive region, encoding part of protein A gene spa 7,
different amplicon sizes could be observed with 100
bp for 3 (12.5%), 120 bp for 13 (54.2%), 150 bp for 2
(8.3 %), 200 bp for 4 (16.7%) and 250 bp for 2 (8.3%)
of the S. aureus obtained from clinical mastitis. The
isolates from subclinical mastitis had amplicon sizes
of 100 bp for 6 (37.5%), 180 bp for 5 (31.25%), 200
bp for 2 (12.5%), 250 bp for 2 (12.5%) and 320 bp
for 1 (6.25%) isolate. The amplicon sizes of 100 bp,
120 bp, 150 bp, 180 bp, 200 bp, 250 bp and 320 bp
corresponded to 2, 3, 4, 5, 6, 8, and 11 repeats of
the Xr repetitive region, respectively. The amplifica-
tion of the gene segment encoding the IgG binding
region of spa yielded sizes of 700 bp in 8 (33.3%) and
2 (12.5%) of the strains and 900 bp in 16 (66.7%)
and 14 (87.5%) of the strains of the clinical and sub-
clinical S. aureus group, respectively. The sizes of 700
bp and 900 bp corresponded to 4 or 5 IgG binding
domains, respectively.

enlaza la inmunoglobulina G, el gen sbi, los genes
codificadores para la hemolisina alfa y beta (hla y
hlb), los genes que codifican las proteinas A y B que
enlazan la fibronectina (fnbA y fnbB), y la proteina
que enlaza la elastina (ebpS), los segmentos del gen
que codifican la coldgeno-adhesina dominios A y B
(cna Ay B), los genes capb, cap8, setl, agr clases
Iy II, y los genes sea al see y seg al sej, tst, eta
y etb. En el Cuadro 1 se presenta un resumen
de las secuencias de los cebadores oligonucleétidos,
los programas del termociclador, los tamanos del
amplificado y las referencias correspondientes. Los
cultivos de referencia utilizados como testigos positivos
se han descrito con anterioridad.* La prueba exacta
de Fisher se utiliz6 para el analisis estadistico de los
genes clfA, spa (IgG region de enlace), hlb, fnbB,
cna, capb, cap8 y agr clases I y II. La prueba exacta
de Fisher modificada sirvi6 para realizar el analisis
estadistico de los genes coay spa (regién Xr).

Resultados

Los 40 aislamientos de S. auwreus de la presente
investigacion se identificaron debido a sus propiedades
bioquimicas y de cultivo. La identificacion de los
aislamientos se confirmé mediante la amplificaciéon
con PCR de los genes especificos de S. aureus que
codifican para 23S rARN, la nucleasa termoestable
(nuc), el factor aglutinante (clfA) yla coagulasa (coa),
y por amplificaciéon de segmentos del gen que codifica
la region repetitiva Xr y la region de enlace de IgG de
la proteina A (spa). Los amplificados de 23S rADN y
nuc tuvieron tamano uniforme de casi 1 250 pby de
280 pb, respectivamente.

Los genes o segmentos de gen clfA, coa y spa,
mostraron polimorfismos de tamano. La amplificaciéon
del gen clfA revelé6 dos diferentes amplificados de
tamano de 900y 1 000 pb. Entre las cepas de S. aureus
que representaban el grupo de las vacas con mastitis
clinica, 13 cepas (54.2%) tuvieron un tamano de
amplificado de 900 pb, mientras que 11 cepas (45.8%)
lo tuvieron de 1 000 pb.

De las cepas de S. aureus obtenidas de mastitis
subclinica, dos (12.5%) tuvieron un amplificado de
cIfA con tamano de 900 pby 14 (87.5%) un tamano de
amplificado de 1 000 pb. Con la amplificacién del gen
coa se obtuvieron amplificados de diferente tamano
que iban de 500 pb a 840 pb. En el grupo de S. aureus
aislados de mastitis clinica los amplificados tuvieron
un tamano de 500 pb para tres cultivos (12.5%), 670
pb para 13 (54.1%), 750 pb para tres (12.5%) y 840 pb
para cinco aislamientos (20.8%), respectivamente. El
S. aureus aislado de mastitis subclinica tuvo tamanos
de amplificado de 500 pb para un aislamiento (6.3%),
600 pd para tres (18.8%), 670 pb para tres (18.8%),
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The size difference of the genes clfA, coa and spa
(Xr-region) of the clinical and subclinical S. aureus
group appears to be significant.

Further genotypic properties of the S. aureus iso-
lates revealed that certain traits such as the genes hla,
fnbA, ebpS and setl with sizes of approximately 550
bp, 1280 bp, 1330 bp and 880 bp, respectively, could
be observed for all 40 S. aureus isolates.

The gene hlb with a size of approximately 840 bp
could be detected in all 24 S. aureus isolates (100%)
obtained from clinical mastitis and in 13 isolates
(81.3%) obtained from subclinical mastitis. Among
the additionally investigated genes, gene fnbB with
an amplicon size of approximately 820 bp could be
observed for 18 (75%) and 6 (87.5%) S. aureus strains
from the clinical and subclinical group, respectively.

Among the 40 S. aureus strains 6 (15%) strains (4
from clinical and 2 from subclinical group) were posi-
tive for the cna segments encoding the CNA A and
CNA B domains. The A and B domain encoding gene
segments revealed amplicons with sizes of approxi-
mately 1600 and 1200 bp, respectively. Among the
additionally investigated genes, the genes capb with a
size of 880 bp could be observed for 20 (83.3%) and
13 (81.3%) strains, cap8 with a size of 1150 bp for 4
(16.7%) and 3 (18.8%) strains, the gene agr class I
with a size of 360 bp for 6 (25%) and 12 (75%) strains
and the gene agr class II with a size of 470 bp for
16 (66.6%) and 4 (25%) strains of the clinical and
subclinical S. aureus group, respectively. The distribu-
tion of the genes hlb, fnbB, agr class I and agr class
IT among the clinical and subclinical S. aureus strains
appears to be significant. Two (8.3%) S. aureus strains
could not be characterized by the use of the oligonu-
cleotide primers specific for agr class I and II.

Investigating the S. aureusfor other virulence genes
yielded one strain (4.2%) positive for gene sei with
a size of 580 bp. None of the strains harboured the
genes encoding sbi, sea, seb, sec, sed, see, seg, seh, sej,
tst, eta and etb. The genotypic characteristics of the
40 S. aureus strains are summarized in Table 2 and
3. Typical amplicons of the genes clfA and spa (Xr-
region) are shown in Figure 1.

Discussion

S. aureus is a well known bacterial pathogen in human
and animal infections. A phenotypic and genotypic
characterization of S. aureus strains from bovine mas-
titis has been performed for isolates from various
countries.®”'"!%%3% However, at present no informa-
tion is available about genotypic characteristics of S.
aureus isolated from bovine mastitis in Mexico.

In the present study 40 S. aureus strains isolated
from clinical and subclinical mastitic cows in Jalisco
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750 pb para uno (6.3%) y 840 pb para ocho (50%),
respectivamente. Los tamanos de amplificado del gen
coa de 500 pb, 600 pb, 670 pb, 750 pb y 840 pb
corresponden a un nimero de repeticion de 4, 5,
6, 7 y 8, respectivamente. En la amplificacion de la
region repetitiva Xr que codifica para una parte de la
proteina A, del gen spa 7, se observaron tamanos de
amplificados diferentes con 100 pb para tres (12.5%),
120 pb para 13 (54.2%), 150 pb para dos (8.3%), 200
pb para cuatro (16.7%) y 250 pb para dos (8.3%)
de los S. aureus aislados de mastitis clinica. Los
aislamientos de mastitis subclinica tuvieron tamanos
de amplificado 100 pb para seis cultivos (37.5%), 180
pb para cinco (31.25%), 200 pb para dos (12.5%), 250
pb para dos (12.5%) y 320 pb para un cultivo (6.25%).
Los tamanos de amplificados de 100 pb, 120 pb, 150
pb, 180 pb, 200 pb, 250 pby 320 pb correspondieron a
2,3,4,5,6, 8y 11 repeticiones de la region repetitiva
Xr, respectivamente. La amplificacién del segmento
del gen que codifica para la region de enlace de IgG
del spa tuvo tamanos de 700 pb en ocho (33.3%) y dos
cepas (12.5%) y 900 pb en 16 (66.7%) y 14 (87.5%)
de las cepas de los grupos clinico y subclinico de S.
aureus, respectivamente. Los tamanos de 700 pby 900
pb correspondieron a los dominios cuatro o cinco del
enlace IgG, respectivamente.

La diferencia de tamano de los genes clfA, coay
spa (region Xr) de los grupos clinico y subclinico de
S. aureus parece ser significativa.

Respecto de otras propiedades genotipicas de
los aislamientos de S. aureus, se revelaron ciertas
caracteristicas: los genes hla, fnbA, ebpS y setl con
tamanos de aproximadamente 550 pb, 1 280 pb, 1 330
pby 880 pb, respectivamente, pudieron observarse en
los 40 aislamientos de S. aureus.

El gen hlb al tamano de casi 840 pb se detect6 en
los 24 aislamientos de S. aureus (100%) obtenidos de
mastitis clinicay en 13 aislamientos (81.3%) obtenidos
de mastitis subclinica. De los genes investigados
adicionalmente, el gen fnbB con un amplificado al
tamano de casi 820 pb pudo observarse en 18 (75%) y
seis (37.5%) cepas de S. aureus aisladas de los grupos
clinico y subclinico, respectivamente.

Entre las 40 cepas de S. auwreus, seis (15%)
aislamientos (cuatro del grupo clinico y dos del
subclinico) fueron positivos para los segmentos cna
que codifican para los dominios CNA A y CNA B.
Los dominios Ay B que codifican para segmentos de
genes tuvieron amplificados con tamanos de casi
1 600y 1 200 pb, en forma respectiva. Acerca de los
genes investigados adicionalmente, los genes capb al
tamano de 880 pb se observaron en 20 (83.3%) y 13
(81.3%) cepas; para el cap8 al tamano de 1 150 pb en
cuatro (16.7%) y tres (18.8%) cepas; el gen agr clase I
al tamano de 360 pb en seis (25%) y 12 (75%) cepas ,y



Cuadro 2
CARACTERISTICAS GENOTIPICAS DE 24 Y 16 AISLAMIENTOS DE S. aureus PROVENIENTES
DE VACAS CON MASTITIS CLINICA Y SUBCLINICA, RESPECTIVAMENTE
GENOTYPIC CHARACTERISTICS OF 24 AND 16 S. aureus ISOLATED FROM CLINICAL AND
SUBCLINICAL MASTITIC COWS, RESPECTIVELY.

S. aureus from clinical

S. aureus from subclinical

Target gene mastitis mastitis
(n=24) m=16)
n % n %
23S tDNA 24 100 16 100
nuc 24 100 16 100
clf4* 24 100 16 100
coa* 24 100 16 100
spa (Xr-reg.)* 24 100 16 100
spa (IgG bind. reg.)* 24 100 16 100
hla 24 100 16 100
hib 24 100** 13 81.3%*
fnbA 24 100 16 100
fnbB 18 75%* 6 37.5%*
ebpS 24 100 16 100
cna (A domain) 4 16.7 2 12.5
cna (B domain) 4 16.7 2 12.5
cap5s 20 83.3 13 81.3
cap8 4 16.7 3 18.8
setl 24 100 16 100
agr class 1 6 25%* 12 T5%*
agr class 11 16 66.6%* 4 25%*
sei 0 0 1 42

n = number of cultures

* = for gene polymorphisms see Table 3

** = statistically significant with P values of 0.056, 0.024 and 0.007 for the genes hlb, fnbB  and agr, respectively;

None of the cultures were positive for sbi, sea, seb, sec, sed, see, seg, seh, sej, tst, eta and etb.

State, Mexico were genotypically investigated and com-
pared. This state produces approximately 3.8 million
liters of milk daily and has the biggest dairy herds in
Mexico. Udder infections of dairy animals in this state
cause an enormous economic loss.

According to phenotypic and genotypic properties
all 40 isolates of the present study could be identified
as S. aureus. A molecular identification was performed
by PCR amplification of various genes, namely the
gene segments encoding a S. aureus specific part of
23S rRNA, the genes encoding thermostable nuclease
(nuc), clumping-factor (clfA), coagulase (coa) and the

el gen agr clase IT al tamano de 470 pb en 16 (66.6%) y
cuatro (25%) cepas de los grupos clinico y subclinico
de S. aureus, respectivamente. La distribucién de los
genes hlb, fnbB, agr clase I y agr clase II entre
las cepas clinica y subclinica de S. aureus parece
ser significativa. Dos cepas de S. aureus (8.3%) no
pudieron ser caracterizadas mediante el uso de los
cebadores oligonucleétidos especificos de agr clase I'y
II.

La investigacion de S. aureus para otros genes de
virulencia dio una cepa positiva (4.2%) para el gen
sei, con un tamano de 580 pb. Ninguna de las cepas
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Cuadro 3
TAMANO DE LOS POLIMORFISMOS DE LOS GENES clfA, coa Y spa DETERMINADOS EN 24 Y 16
AISLAMIENTOS DE . aureus DE MASTITIS CLINICA Y SUBCLINICA, RESPECTIVAMENTE
SIZE POLYMORPHISMS OF THE TARGET GENES c/f4, coa AND spa DETERMINED FOR 24 AND 16
S. aureus ISOLATED FROM CLINICAL AND SUBCLINICAL MASTITIS, RESPECTIVELY

Amplicon S. aureus from clinical S. aureus from subclinical
Target gene size (bp) mastitis mastitis
(n=24) (n=16)

n % n %

clfA* 900 13 54.2 2 12.5
1000 11 45.8 14 87.5

coa* 500 12.5 1 6.3
600 0 0 3 18.8
670 13 54.1 3 18.8

750 3 12.5 1 6.3

840 5 20.8 8 50

spa (Xr-reg.)* 100 3 12.5 6 37.5

120 13 54.2 0 0
150 2 8.3 5 51.25

180 0 0 0 0

200 4 16.7 2 12.5

250 2 8.3 2 12.5

320 0 0 1 6.25

spa (IgG bind. reg.)** 700 8 333 2 12.5
900 16 66.7 14 87.5

n = number of strains

* = statistically significant with P values = 0.009, 0.002 and 0.0008 for the genes clfA, coa and spa (Xr-region),

respectively.

** = statistically non significant with P value = 0.2

spa gene segments encoding the Xr-repetitive region
and the IgG binding region of Protein A. A compara-
ble PCR-based identification and characterization of
S. aureus from bovine origin had already been used by
numerous authors.*”"*#2 According to the results of
the present study, the genes clfA, coa and spa showed
typical gene polymorphisms which could be used for
genotypic characterization of single isolates of this
species. Comparable gene polymorphisms had already
been used for genotyping various S. aureus strains.***°

The specific binding of S. aureus to fibrinogen
is mainly mediated by clumping factor A (ClfA),
encoded by clfA. Inactivation of CIfA results in an
inhibition of the attachment of S. awreus to fibrino-
gen-coated surfaces.”” In agreement with the work
of other authors,*”'® all bovine isolates investigated
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poseia genes que codifican sbi, sea, seb, sec, sed,
see, seg, seh, sej, tst, eta y etb. Las caracteristicas
genotipicas de las 40 cepas de S. aureus se resumen en
los cuadros 2y 3. Los amplificados tipicos de los genes
clfA y spa (region Xr) se muestran en la Figura 1.

Discusion

El S. aureus es un patégeno bacteriano bien estudiado
en infecciones de humanos y animales. La
caracterizacion fenotipica y genotipica de cepas de S.
aureus aisladas de mastitis bovina se ha realizado en
varios paises.®”""#%0 Sin embargo, actualmente no
se dispone de informacion sobre las caracteristicas
genotipicas de S. aureus aisladas de mastitis bovina en
México.
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Figura 1. a) Amplificados tipicos del gen clfA que codifica CIfA de cuatro cepas de S. aureus con tamarfios de
900 pb4 y 1 000 pb,1-3 aproximadamente. b) Amplificados del segmento de gen que codifica la region Xr de la
proteina A, el gen spa de cuatro cepas de S. aureus con tamanos de 100 pbl, 4 200 pb2 y 180 pb 3 M1: marcador
de peso molecular del ADN VI (Roche); M2: 100 pb marcador, Gibco BRL.

Figure 1. a) Typical amplicons of the gene clfA encoding CIfA of 4 S. aureus strains with sizes of approximetly
900 bp (4) and 1000 bp (1, 2 and 3). b) Amplicons of the gene segment encoding the Xr-region of protein A gene
spa of 4 S. aureus strains with sizes of 100 bp (1,4), 200 bp (2) and 180 bp (3). M1: DNA molecular weight marker

VI (Roche), M2: 100 bp marker, Gibco BRL.

in the present study were clIfA positive. A comparison
between the source of the investigated strains and the
clfA amplicon size revealed that a size of 900 bp could
generally be found among the S. aureus strains iso-
lated from clinical mastitis cases, a cIfA amplicon size
of 1000 bp could mainly be found among the S. aureus
isolated from subclinical mastitis. Comparable statisti-
cally significant differences between the two S. aureus
groups could also be observed in the amplicon size of
gene coa and the spa gene segment encoding the Xr-
region of protein A. However, at present the impor-
tance of the size of the polymorphisms of the genes
clfA, coa or spa (Xr-region) for the mastitis situation
of the respective animals remains unclear.

Sbi is an IgG and B2 glycoprotein binding protein
on the surface of S. aureus encoded by gene sbi.
According to Zhang et al.,” this gene could be found
in S. aureus reference strains investigated by these
authors. However, all strains of the present study were
sbi negative. This could possibly be explained by a lack
of this gene or by mutation of the primer binding site
causing a negative PCR reaction.

The 40 investigated S. aureus strains of the present
investigation were additionally positive for the alpha
hemolysin encoding gene hla, 24 isolates obtained
from clinical mastitis and 13 isolates obtained from

En el presente estudio, 40 cepas de S. aureus,
aisladas de vacas con mastitis clinica y subclinica de
Jalisco, México, fueron estudiadas genotipicamente y
comparadas. Este estado produce aproximadamente
3.8 millones de litros de leche cada dia y tiene la
mayor poblacién de vacas lecheras en México. Las
infecciones de las ubres de las vacas lecheras ahi
causan graves pérdidas econémicas.

Las propiedades fenotipicas y genotipicas de los 40
aislamientos del presente estudio correspondieron a S.
aureus. Se realiz6 identificacion molecular mediante
la amplificacién de varios genes por PCR, que fueron
el segmento de gen que codifica para una parte
especifica del 23S rARN de S. aureus, los genes que
codifican para la nucleasa termoestable (nuc), el
factor aglutinante o clumping-factor (clfA), la coagulasa
(coa) y el gen spa en el segmento que codificalaregion
repetitiva Xr y la region de enlace de la IgG para la
proteina A. Una identificacién similar basada en el
PCR con caracterizacion de S. aureus de origen bovino
ha sido ya realizada por numerosos autores.*”'*#%2 De
acuerdo con los resultados del presente estudio, los
genes clfA, coay spa mostraron tipicos polimorfismos
génicos, que podrian ser utilizados para una
caracterizacion genotipica de cada aislamiento de esta
especie. Ya se han utilizado polimorfismos génicos
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subclinical mastitis were positive for the beta hemo-
lysin encoding gene hlb. The presence of alpha and
beta hemolysin seems to be a typical pattern of S.
aureus isolated from bovine mastitis. It is suggested
that such a haemolysin profile is required for the
induction of mastitis in cattle.***’ The absence of
gene hlb for some S. aureus strains isolated from sub-
clinical cases might affect their ability to induce clin-
ical mastitis due to the role this gene product has
in tissue penetration and multiplication and disease
induction.!'?#-#2

The capability of S. aureus to adhere to extracellu-
lar matrix proteins is thought to be essential for colo-
nization and the establishment of infections. S. aureus
possesses variable adhesion genes such as clfA, fnbA,
fnbB, ebpS, cna, fib, fbpA, and map.“?’ The presence
of clfA, fnbA, fnbB, ebpS and cna, was investigated in
the present work.

The fibronectin-binding proteins of S. auwreus are
important virulence factors and contribute to bacte-
rial adhesion and to invasion of the bovine mammary
gland.44 For §. aureus two fibronectin binding proteins
(FnbA, B) had been described and their correspond-
ing genes have a high degree of sequence similarity.45
In the present study, fnbA and fnbB were detected
in 100% and 60% of the investigated isolates, respec-
tively. The presence of fnbB varied between the two
S. aureus groups, being 75% for the clinical isolates
and 37.5% for the strains isolated from subclinical
cases. According to Greene et al.*® the absence of gene
fnbB does not affect the capability of adherence of §.
aureus. However, the absence of this gene may affect
their ability to invade the host cells.”! The combined
occurrence of fnbA and fnbB among the clinical S.
aureus group of the present study might be important
for the specific adhesion of this bacterium in clinical
mastitis cases.

The additionally investigated gene ebpS encoding
elastin-binding protein (EbpS) could be determined
for all S. aureusstrains of the present study. Elastin and
elastic fibres are present in abundance in mammalian
tissues that require elasticity playing a crucial role in
maintaining the structural integrity and function of
tissues in which reversible extensibility or deformabil-
ity is required.” S. aureus binds to soluble tropoelastin
via the cell-surface-associated 25-kDa protein EbpS.**
This interaction may promote bacterial colonization®
and might also play a role for the adhesion and colo-
nization of S. aureus isolated from bovine mastitis.

The gene cna is the only recognized S. aureus gene
that encodes an adhesin that specifically binds colla-
gen.5° In addition, this adhesin protein gene is not
presentin all S. aureus strains and might; therefore, be
of importance for the virulence of single strains of this
species.”” However, gene cna was found in 15% of
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comparables para la genotipificacion de diferentes
cepas de S. aureus.>>3°

El enlace especifico de S. aureus al fibrinégeno
esta principalmente mediado por el factor aglutinante
A (CIfA), codificado por clfA. La inactivacion del
CIfA resulta en la inhibicion del enlace de S. aureus
a superficies cubiertas de ﬁbrinégeno.?’6'?’7 De acuerdo
con trabajos de otros autores,””' en el presente
estudio todos los aislamientos de bovinos investigados
resultaron positivos para clfA. Una comparacion entre
la fuente de las cepas investigadas y el tamano del
amplificado de cIfA revel6 que un tamano de 900
pb generalmente puede encontrarse entre las cepas
de S. aureus aisladas de casos de mastitis clinica, y
el tamano de amplificado para clfA de 1 000 pb
puede encontrarse principalmente en el S. aureus
aislado de mastitis subclinica. Diferencias similares
estadisticamente significativas, entre dos grupos
diferentes de S. aureus, también se han observado en
el tamano de amplificado del gen coay del gen spa en
el segmento codificador de la region Xr de la proteina
A. Sin embargo, actualmente atin no esta clara la
importancia de los tamanos de los polimorfismos de
los genes clfA, coa o spa (regiéon Xr) respecto de la
situacion de la mastitis en los respectivos animales.

La Sbi es una glicoproteina que enlaza una IgG
y B2 en la superficie del S. aureus codificada por el gen
sbi. De acuerdo con Zhang et al.,®s este gen se encontro
en las cepas de referencia de S. aureus investigadas por
esos autores. Sin embargo, todas las cepas del presente
estudio fueron negativas para sbi. Esto ultimo puede
ser explicado debido a una ausencia de este gen o
por una mutaciéon del sitio de enlace del cebador,
causando una reaccién negativa de PCR.

Las 40 cepas de S. aureusde la presente investigacion
fueron, ademas, positivas para el gen hla, que
codifica la hemolisina alfa;?* aislamientos obtenidos
de mastitis clinica y 13 aislamientos obtenidos de
mastitis subclinica resultaron positivos para la beta
hemolisina codificada por el gen hlb. La presencia
de las hemolisinas alfa y beta parece tener un patrén
tipico en el S. awreus aislado de mastitis bovina.
Esto ultimo sugiere que tal perfil de la hemolisina
es necesario para la inducciéon de la mastitis en las
vacas.** La ausencia del gen hlb en algunas cepas
de S. aureus aisladas de casos de mastitis subclinica
puede afectar su capacidad para inducir la mastitis
clinica, debido al papel que juega este gen en la
penetracion del tejido, la multiplicacion y la induccion
de la enfermedad.'*#"*2

Se cree que la capacidad que tiene S.aureus para
adherirse a matrices extracelulares de proteinas es
esencial para la colonizacion y el establecimiento de
las infecciones. El S. awreus posee varios genes de
adhesion, como clfA, fnbA, fnbB, ebpS, cna, fib, fbpA



the investigated S. aureus strains of the present study,
indicating a minor importance of this adhesin for S.
aureus bovine mastitis infection. A strong association
between the presence of CNA and cap8 was reported
by Booth et al,” and Ryding et al’* A comparable
relation could be demonstrated for the cna positive
strains of the present study. cap8 is one of 11 polysac-
charide capsule types which could be produced by S.
aureus.”” The capsular polysaccharide is participated
in the masking of the bacterial target of most of the
naturally acquired opsonins present in normal bovine
serum resulting in an increased resistance to phago-
cytosis by polymorphonuclear leukocytes.™

Most strains from bovine milk could be classified
to capsular type 5 and 8.°7*® The genes involved in
serotype b and 8, capb and cap8 are chromosomal and
allelic.”” The occurrence of capb or cap8 varies in iso-
lates from different geographical regions .”% Most of
the strains (82.5%) of the present study were cap5, the
remaining strains (17.5%) were cap8 positive. These
results are in agreement with Hensen et al.”” Both cap-
sular types could be observed in the present investiga-
tion in clinical and subclinical mastitis isolates without
statistical significance.

Agr, sar and sae are global loci and regulate the
production of virulence factors.” The genes involved
in serotype 5 and 8 capsule biosynthesis capb and
cap8 are positively regulated by the accessory gene
regulator (agr).**®

Investigating the S. aureus of the present study for
Agr I and Agr II encoding genes revealed that the
strains isolated from clinical mastitis were generally
positive for agr II, while the strains from subclinical
mastitis were mainly positive for agr I. However, the
relationship of these differences in gene regulation to
the respective mastitis situation remains unclear.

The presence of gene setl in all investigated strains
of the present investigation suggests an important role
of this newly described toxin group®* also in bovine
mastitis.

Enterotoxins produced by S. aureus are 23 to 29
kD single chain proteins with potent immunomod-
ulating properties. They are mostly carried on
mobile genetic elements which enable them to a hor-
izontal transfer among the bacterial population.'®®
The presence of enterotoxin and TSST encoding
genes among S. aureus isolated from mastitic milk
varies,®7!718:25:26.28.3066 heing very high in Japan®” and
rare in Denmark.* Among bovine S. aureus isolated in
Germany and Switzerland the enterotoxin genes seg
and sei predominated.®”'® In the present study, two
strains harboured the gene sei while the genes sea,
seb, sec, sed, see, seg, seh, sej and tst could not be
detected. The genes seg and sei are carried on the
same pathogenicity island and are; therefore, mostly

y map.” En la presente investigacion se estudio la
presencia de clfA, fnbA, fnbB, ebpSy cna,

Las proteinas que enlazan la fibronectina de S.
aureus son un factor de virulencia muy importante,
contribuyen a la adhesiéon bacteriana y a la invasion
de la glindula mamaria bovina." En relacién con el S.
aureus, se han descrito dos proteinas enlazantes de la
fibronectina (FnbA, B), y sus genes correspondientes
tienen un alto grado de similitud en su secuencia.® En
este trabajo se detectaron fnbAy fnbB en 100% y 60 %
de los aislamientos investigados, respectivamente. La
presencia de fnbB varié entre los dos grupos de S.
aureus, alcanzando 75% para los aislamientos clinicos
y 37.5% para las cepas aisladas de casos subclinicos. De
acuerdo con Greene et al.,*® la ausencia del gen fnbB
no afecta la capacidad de adherencia del S. aureus.
Sin embargo, la ausencia de este gen puede afectar
su habilidad para invadir las células portadoras.”
La presentaciéon combinada de fnbA y fnbB en el
grupo clinico de S. aureus detectada aqui, puede
ser importante para la adhesion especifica de esta
bacteria en los casos de mastitis clinica.

Los genes investigados adicionalmente ebpS que
codifican la proteina que enlaza elastina (EbpS) se
observaron en todas las cepas de S. aureus. La elastina
y las fibras eldsticas estdn presentes en abundancia en
tejidos de mamiferos en los que la elasticidad es muy
importante para mantener la integridad estructural
y la funcién de tejidos en los cuales la deformacién
o la extensibilidad reversible es necesaria.'” El S.
aureus enlaza la tropoelastina soluble, via la proteina
EbpS de 25-kDa, asociada con la superficie celular.48
Esta interaccion puede promover la colonizacion
bacteriana® y también es importante para la adhesion
y colonizacién de S. aureus en cepas aisladas de mastitis
bovina.

El gen cna es el tnico reconocido de S. aureus
que codifica para una adhesina que especificamente
enlaza al colageno.”” Ademds, este gen de la proteina
adhesina no estd presente en todas las cepas de S.
aureus, por ello es importante para la virulencia de
cepas sencillas de esta especie.”” Sin embargo, el
gen cna se encontré en 15% de las cepas de S. aureus
investigadas en el presente estudio, lo cual indica
una importancia minima de esta adhesina en las
infecciones de mastitis bovinas causadas por S. aureus.
Booth et al.” y Ryding et al.”* describieron una fuerte
asociacion entre la presencia de CNA y cap8, y en el
presente estudio se demostré una relaciéon parecida
para las cepas cna positivas. La cap8 es uno de los
11 tipos de polisacdridos capsulares que pueden ser
producidos por S. aureus.” El polisacarido capsular
participa enmascarando la bacteria extrana de la
mayoria de las opsoninas naturales presentes en un
suero bovino normal, lo cual resulta en el incremento
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detected together.”” However, the presence of sei for
a seg negative strain was also reported by Akineden
el al.”® and might be caused by a lack of the gene or
by a mutation of the DNA at the primer binding sites.
This may also explain the lack of seg of the sei positive
strains of the present investigation. Enterotoxins are
mostly incriminated in food intoxication in humans.
Their role in bovine mastitis remains questionable.""
However, based on the rare occurrence of enterotoxin
genes among the 40 S. aureus strains of the present
study, the presence of these toxins seems to be not of
importance to establish mastitis infection.

ETA is one of the major S. aureus virulence factors
incriminated in staphylococcal scalded skin syndrome
in children.®® The eta encoding gene is carried on a
bacteriophage and is rarely detected among bovine
isolates.® At present etb could not be found in S.
aureus from bovine origin.26 In agreement with the
published data, the genes eta and etb could not be
detected in any of the tested strains of the present
work.

The genotyping results of the present study give a
first information about genotypic properties and the
distribution of virulence genes among the S. aureus
population in Jalisco, Mexico. This might help to
understand the mastitis situation in bovines in Mexico
and could be the base for preventive strategies by
eradicating S. aureus strains with enhanced patho-
genic potential. The differences in gene patterns of
the S. aureusisolates from clinical and subclinical mas-
titis of the present study and the importance of these
differences for the respective mastitis situation, has to
be investigated with a larger number of strains.
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