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Abstract

This study investigated and compared the antimicrobial resistance patterns and ribotypes of Staphylococcus aureus isolated
from pig tonsils and cow’s milk in China. A total of 90 isolates of S. aureus was included: 42 strains were isolated from tonsils
of pigs and 48 from half-udder milk. The broth microdilution method and the double-disc diffusion test (D test) were used for
antimicrobial susceptibility testing. The mecA gene for methicillin-resistant S. aureus (MRSA) and the ermA, ermB, ermC, and
msrA genes for erythromycin-resistant strains were detected by polymerase chain reaction (PCR). The isolates were ribotyped
with the Riboprinter system. The highest frequency of resistance was observed with clindamycin (91.1%), followed by penicillin
(90.0%), and erythromycin (85.6%). All strains were susceptible to vancomycin and trimethoprim-sulfamethoxazole. The D test
showed that 54.5% (42/77) of erythromycin-resistant isolates had the constitutive resistance phenotype and 45.5% (35/77) had the
inducible resistance phenotype to clindamycin. A higher proportion of resistance to cephalosporins, macrolides, fluoroquinolones,
and pleuromutilins was observed in pig isolates than in milk isolates (P < 0.05). The mecA gene was detected in all MRSA
isolates; 89.6% of erythromycin-resistant strains harbored the ermC gene and 16.9% harbored the ermB gene. A total of 35 different
ribogroups was found among the isolates investigated; 83.3% of pig strains belonged to 1 cluster with a similarity coefficient of
0.84. In contrast, 3 main clusters were observed among 68.8% of milk strains, which indicates a high degree of host specificity.

Resume

Ce travail visait a étudier et comparer les patrons de résistance antimicrobienne et les ribotypes d'isolats de Staphylococcus aureus
provenant des amygdales de porc et du lait de vache en Chine. Un total de 90 isolats de S. aureus était inclus : 42 souches provenaient des
amygdales de porcs et 48 provenant de lait de 2 des 4 quartiers. La méthode de microdilution en bouillon et I'épreuve de double diffusion en
disque (test D) ont été utilisées pour déterminer la sensibilité aux antibiotiques. Le gene mecA des S. aureus résistants a la méthicilline
(MRSA) et les genes ermA, ermB, ermC, et msrA des souches résistantes a I'érythromycine ont été détectés par réaction d’amplification
en chatne par la polymérase (PCR). Les isolats ont été ribotypés avec le systéme Riboprinter. La fréquence de résistance la plus élevée a été
observée avec la clindamycine (91,1 %), suivie de la pénicilline (90,0 %) et I'érytrhomycine (85,6 %). Toutes les souches étaient sensibles a la
vancomycine et au trimethoprime-sulfaméthoxazole. Le test D a montré que 54,5 % (42/77) des isolats résistants a I'érythromycine avaient
le phénotype constitutif de résistance et 45,5 % (35/77) avaient le phénotype de résistance inductible a la clindamycine. Une fréquence
plus élevée de résistance aux céphalosporines, aux macrolides, aux fluoroquinolones, et aux pleuromutilines était observée chez les isolats
porcins comparativement aux isolats laitiers (P < 0,05). Le géne mecA a été détecté a partir de tous les isolats MRSA; 89,6 % des souches
résistantes a I'érythromycine portaient le gene ermC et 16,9 portaient le gene ermB. Un total de 35 ribogroupes différents a été trouvé parmi
les isolats étudiés; 83,3 % des souches porcines appartenaient a 1 regroupement avec un coefficient de similarité de 0,84. En contrepartie,
3 regroupements principaux ont été observés parmi les 68,8 % d'isolats provenant de lait, ce qui indique un degré élevé de spécificité d’hote.

(Traduit par Docteur Serge Messier)

Staphylococcus aureus has become resistant to many commonly

Introduction

Staphylococcus aureus (S. aureus) is a common pathogen in domes-

used antibiotics, which have been widely used to treat S. aureus
infections. Multiple antimicrobial susceptibility patterns of S. aureus

tic livestock. It can be harbored in pigs’ tonsils and cows’ udders
and causes a wide variety of diseases as well as potential economic
losses. Strains of S. aureus can also cause human food poisoning
through the production of an enterotoxin (1). Researchers have
recently discovered that animals can be sources of S. aureus infec-
tions in humans (2).

have been observed in various animals (3,4). At one time, B-lactam
antibiotics were one of the most effective drugs against S. aureus
infection, but many studies have now reported that S. aureus is
resistant to penicillin and methicillin (5,6). The former is mediated
by penicillinase, whereas the latter, methicillin-resistant S. aureus
(MRSA), is conferred by the mecA gene. This gene codes for an
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Table l. Oligonucleotide primer sequences used in this study

PCR
product Reference
Gene Primer sequence (5'-3") size (bp) number
mecA GTT GTA GTT GTC GGG TTT GG 163 (14)
CTT CCA CAT ACC ATC TTC TTT AAC
ermA TAT CTT ATC GTT GAG AAG GGA TT 139 (15)
CTA CAC TTG GCT TAG GAT GAA A
ermB CTA TCT GAT TGT TGA AGA AGG ATT 142 (15)
GTT TAC TCT TGG TTT AGG ATG AAA
ermC CTT GTT GAT CAC GAT AATTTC C 190 (15)
ATC TTT TAG CAA ACC CGT ATT C
msrA TCC AAT CAT TGC ACA AAATC 163 (15)

AAT TCC CTC TAT TTG GTG GT

altered penicillin-binding protein (PBP2a or PBP2’), which has a
lower affinity for binding B-lactams and leads to increased resistance
to other B-lactams.

In recent years, the fight against MRSA has become an important
public health issue. Knowledge of molecular typing of S. aureus is
important in order to monitor the source and transmission routes of
contamination and to establish effective control measures. To date,
the following molecular subtyping methods have been used to study
the clonal relationship among S. aureus isolates: multilocus sequence
typing (MLST) (7), staphylococcal chromosome cassette (SCCmec)
typing (8), pulsed-field gel electrophoresis (PFGE) (9), and ribotyp-
ing (10). Of these methods, PFGE is considered the gold standard
for genotyping of S. aureus, but its use has been limited by the need
for fastidious operations and highly skilled technicians. In contrast,
ribotyping methods using the Riboprinter system can rapidly and
easily identify and distinguish S. aureus from different sources of
infection and identical hierarchical typing results of the strains for
PFGE and ribotyping methods have also been observed (11).

The objectives of this study were to determine the antimicrobial
susceptibility and genetic patterns of S. aureus isolated from pig ton-
sils and cow’s milk and to compare the differences among isolates,
since information on this important zoonotic pathogen is limited in
veterinary medicine in China.

Materials and methods

Bacterial isolates

A total of 90 isolates identified as S. aureus in coagulase tests
and biochemical tests by our lab were used in this study. Of these,
42 strains were isolated from tonsil of the soft palate of swine at
slaughter and 48 strains were isolated from half-udder milk samples
of cows with clinical or subclinical bovine mastitis. Samples were
collected from 8 regions in China (Shandong, Guangdong, Beijing,
Dalian, Hebei, Henan, Guangxi, and Tianjin).

Antimicrobial susceptibility testing

Susceptibility to antimicrobial agents was determined by the
broth microdilution method applied according to the Clinical
Laboratory Standard Institute (CLSI) standard (12,13). The following

11 antimicrobials were used as test drugs: penicillin (0.06 to
2 ug/mL), cefoxitin (0.5 to 16 pg/mL), ceftiofur (0.12 to 32 pg/mL),
erythromycin (0.12 to 32 pg/mL), vancomycin (0.25 to 16 pg/mL),
sulfisoxazole (16 to 512 pg/mL), trimethoprim-sulfamethoxazole
(0.5/9.5 to 4/76 wg/mL), enrofloxacin (0.015 to 16 wg/mL), ofloxacin
(0.06 to 16 pg/mL), tiamulin (0.25 to 256 pg/mL), and clindamycin
(0.03 to 256 pg/mL). The reference strain used for antibiotic suscep-
tibility testing was S. aureus ATCC 29213. The results were recorded
as resistant or susceptible according to the interpretive standards of
the CLSI (12,13). The isolate was defined as an MRSA-phenotype that
was found to be resistant to both penicillin and cefoxitin, while the
isolates resistance to only penicillin, but susceptibility to ceftoxitin,
represented the penicillinase-producing S. aureus. Moreover, strains
that were resistant to both erythromycin and clindamycin were
defined as showing constitutive MLS resistance.

D-test

The double-disk diffusion test (D-test) was performed accord-
ing to the CLSI guideline (13) to determine if macrolide-resistant,
clindamycin-susceptible isolates have inducible resistance to lin-
cosamides. Briefly, a 2-pug clindamycin disk was placed 15 mm
from the edge of a 15-p.g erythromycin disk as part of the normal
disk diffusion procedure. After incubation, organisms that showed
flattening of the clindamycin zone adjacent to the erythromycin
disk (“D” zone) indicated inducible clindamycin resistance, defined
as having inducible macrolides-lincosamides-streptogramin B
(MLS;) resistance. Those strains that did not show flattening of the
clindamycin zone (no induction) were considered to have the MS
phenotype.

Detection of mecA gene and erythromycin-
resistant gene by polymerase chain reaction
(PCR)

Possible MRSA colonies were subcultivated and identified for
the mecA gene and erythromycin-resistant isolates were tested for
the presence of ermA, ermB, ermC, and msrA genes by polymerase
chain reaction (PCR). The temple DNA was extracted by the boiling
method and either used immediately for PCR or stored at —20°C.
The oligonucleotide primer sequences (14-15) are listed in Table I.
Negative controls for all PCRs consisted of the PCR mixes without

The Canadian Journal of Veterinary Research 269



© g template deoxyribonucleic acid (DNA). Polymerase chain reac-
™ ) .
e . <] s tion (PCR) products were analyzed by agarose gel electrophoresis.
35 538 S 53335 g Confirmation of the amplicons was determined by DNA sequenc-
goococo l o | ©ooo S ing and the results were analyzed using BLAST on-line software
& VvV VvV % (http: // www.ncbi.nlm.nih.gov).
2 e
= 2 Ribotyping
= IS
(S .
) % The study was conducted with the RiboPrinter (DuPont Qualicon,
S o ) i Wilmington, Delaware, USA), an automated ribotyping system,
Sl 838 I g f <2 S g following the manufacturer’s operating instructions. Briefly, the
Nl v v ~ N S8 strains were grown on nutrient agar plates overnight at 37°C and
c|ZlMm®mM~O0LO I~ S g Lo I
= (5] ure colonies picked were inactivated by heat treatment. DNA was
= K p P y
5| £ extracted from cell lysate and cut into fragments by the restric-
C o g © SR} 4N 7{ 3 e 38 ; tion enzyme EcoRI. These fragments were separated according
%0 © 7\' NN oo o SEA ‘/\\‘ ‘/\\‘ 2 to size using gel electrophoresis and transferred to a membrane,
© o o *~ o . e .o .
o 8 S oo 2 g 85 ool = S which was followed by hybridization. The genetic fingerprint was
- + = = — s ey e . . e
SVa33s3v SSaa 2 g o visualized and then captured by a digitizing camera. Similarities
R P y & )
o 5 2 ('O’ between restriction endonuclease digestion profiles were analyzed
2 O T w using BioNumerics software (Applied Maths, Kortrijk, Belgium).
<
g 2 . £ Clustering was performed by the unweighted pair group method
~ >
QR B a9 < = E g § with arithmetic mean (UPGMA). The dendrogram of ribotyping
8% =~ @ I D = patterns of isolates tested was drawn with a 1.0% position tolerance
sz - © SRR 0wz, 0
—lx ~ =—==—-3 ©9Sgg2 and 0.5% optimization. Strains were assigned to a special ribogroup
c|IZIt oo mo < o — N o s ° 35 A . - .
= | @ 285 L if the similarity coefficient between their patterns was = 0.85 and
E| 2 N N S oe s judged as epidemiology correlation
= ) ~1 © © » L c T '
.‘;’ =K AT XY o Q8 z2f=7T
N <t o ~ o L= > = H =
8 Sevse23n 22rn £288% Statistical analysis
B QB8 Swvw2e 2ay%g :]%J- Version 16.0 of SPSS statistics software for Windows was used
H] SocNnooco«\V O O N S e o0 L. . . .
» S8 8% 5 for statistical analysis. The categorical variables were compared
b 5} = = . . . ’ .
2 ~ 5 3 £ c 3 using a Pearson Chi-squared or Fisher’s exact test, as appropriate.
e g 8= ° % a Differences were considered significant when the 2-sided P-value
o 5 £82372 was < 0.05.
2 o~ — o © 5 L % ©
g 900N aRo22 20l ¥
2 888 I <8392 TEge%
| e H@vi E® o <
B | Sxloww o e —~ 0 N O ee~8C
g CIZEmMmmIodo ©mST® =
S | @ o 2 = 5 .
s | 2 |~ 92§23 Antibiograms
R A B N N < © 6 o© § .,q‘_) 0 @B 8 &
4 a a2 @ M N o 10 AT 0 © % © 5 8 o The antimicrobial resistance profile of S. aureus strains iso-
™ ; 5 ~ = . . qL oo
e S 9 A /o\ A ;' /(; % je! /O\ A A 235 = E lated from pig tonsils and cow’s milk is summarized in Table IL
s =Q ] © . . .
< oo e S e ; z° ﬁ ; 22 £ % 8, s B Intermediate resistance was observed only for enrofloxacin among
:’_; Eodoo©oVl oo« 202 3 ; isolates from pigs (32/42, 76.2%) and milk (2/48, 4.2%) and is
: = e & ES therefore not shown in the table. The highest frequency of resis-
R 3 3 5;3 E ° S tance was observed with clindamycin (91.1%, 82/90), followed by
g B3 § £z g = ﬁ e penicillin (90.0%, 81/90), erythromycin (85.6%, 77/90), tiamulin
e ® S : .
ol o 3 Q o2 c= 908§ . (48.9%, 44 /90), ofloxacin (45.6%, 41/90), ceftiofur (38.9%, 35/90) and
Q= 55 © - = N L © 8 Z o ©
H <O 0 © o SO 28 E o cefoxitin (38.9%, 35/90). All strains were susceptible to vancomycin
[ c p y
] ) 2 § i‘j g Q) g and trimethoprim-sulfamethoxazole. Among the 77 erythromycin-
® 3 o E o= @ . . _—
o % . . § g © ?ﬁ ® o resistant isolates, 54.5% (42/77) showed the constitutive and 45.5%
8 ~~ % ©© © o . . . . .
® P> cxNgeg < 1 5ss5g¢g E (35/77) showed the inducible resistance phenotype to clindamycin,
'§ . l&s “@) i =) '-‘O’ 2 § ) § NS 25 5 E :E while there was no MS phenotype based on the double-disk test.
L5 - o & g g2 03 f;’ £ *2 N ™ In contrast, resistances to cephalosporins, macrolides, fluoroqui-
S~ o > 4 = = )
£ ® g2aSs:23T¥g S wolE £E288° nolones, and pleuromutilins were significantly higher in pig iso-
Els 29U c-oegfl 23N 2ESgT 2 S ; i
< 5 2SS 3559=10ws2Ss T E833 @ lates than in milk isolates (P < 0.05). A higher proportion of MRSA
= _g SEE5 £ g‘ g g % g .§ % 5@ \E,%: 8\2 § 8 phenotype was observed in pig isolates (83.3%, 35/42) than in milk
% £ g’ 2 % % g‘ o % g S % 3 EE 2—:/ % i 58 f/’ strains (0, 0/48), although the levels of resistance to penicillin were
EI2HESSESPE G6SEFEBIZ5 a6 =o similar (92.9% versus 87.5%). Furthermore, a higher proportion of
270 The Canadian Journal of Veterinary Research



Dice (OpLi0.50%) (Tol 1.0%-1.0%) (H>0.0% $0.0%) [0.0%-100.0%]
vca

: : strains animals samples regions ribotypes
GD31 cow milk Guangdong R1
GD33 cow milk Guangdong R1
GD36 cow milk Guangdong R1
GD39 cow milk Guangdong R1
GD23 cow milk Guangdong R2
GD38 cow milk Guangdong R2
SA1 cow milk Tianjin R3
SA2 cow milk Tianjin R3
SA3 cow milk Tianjin R3
| SA7 cow milk Tianjin R3
SA9 cow milk Tianjin R3
SA8 cow milk Tianjin R3
SA11 cow milk Tianjin R3
GD21 cow milk Guangdong R4
GD25 cow milk Guangdong R5
GD40 cow milk Guangdong R6
TJBZ13 cow milk Tianji R7
I TJBZ6 cow milk Tianjin R8
TJBZ14 cow milk Tianjin R9
TJBZ16 cow milk Tianjin R9
TIBZ7 cow milk Tianjin R9
TJBZ11 cow milk Tianjin R10
TJBZ12 cow milk Tianjin R10
2-17-1 pig tonsil Shandong R11
2-25-1 pig tonsil Shandong R11
2-49-1 pig tonsil Shandong R11
2-6-2 pig tonsil Shandong R11
BJ4 pig tonsil Beijing R11
BJS pig tonsil Beijing R11
BJS pig tonsil Beijing R11
BJXD11 pig tonsil Beijing R11
DL2 pig tonsil Dalian R11
DLa pig tonsil Dalian R11
DLZC1 pig tonsil Dalian R11
2.43 pig tonsil Shandong R11
2-6-1 pig tonsil Shandong R11
BJE pig tonsil Beijing R11
DL3 pig tonsil Dalian R11
SA44-3 pig tonsil Dalian R11
SA56-1 pig tonsil Dalian R11
HS115 pig tonsil Hebei R12
HS120 pig tonsil Hebei R12
HS69 pig tonsil Hebei R12
56-2 pig tonsil Dalian R13
SA56-2 pig tonsil Shandong R13
BJXD1 pig tonsil Beijing R13
2252 pig tonsil Shandong R13
57-2 pig tonsil Dalian R13
GDHS2 pig tonsil Guangdong R13
| DL11 pig tonsil Dalian R14
GDHS1 pig tonsil Guangdong R14
BJ10 pig tonsil Beijing R14
DL10 pig tonsil Dalian R14
DL9 pig tonsil Dalian R14
TJBZ1 cow milk Tianjin R14
TJBZ2 cow milk Tianjin R14
TJBZ3 cow milk Tianjin R14
TJBZ4 cow milk Tianjin R14
GDHS3 pig tonsil Guangdong R14
| BJ9 pig tonsil Beijing R14
zZzZMZ pig tonsil Henan R14
GDHS4 pig tonsil Guangdong R14
r BJ7 pig tonsil Beijing Ri5
HS107 pig tonsil Hebei R16
TJBZ5 cow milk Tianjin R17
TJBZ8 cow milk Tianjin R18
TJIBZ10 cow milk Tianjin R19
TJBZ9 cow milk Tianjin R20
I GD41 cow milk Guangdong R21
DL6 pig tonsil Dalian R22
DL7 pig tonsil Dalian R22
DLs pig tonsil Dalian R22
DL8 pig tonsil Dalian R22
TJBN26 cow milk Tianjin R23
i TJBN35 cow milk Tianjin R23
| TJBNS2 cow milk Tianjin R24
NN133 cow milk Guangxi R25
NN65 cow milk Guangxi R25
NN106 cow milk Guangxi R25
NN150 cow milk Guangxi R25
NN30 cow milk Guangxi R26
NN144 cow milk Guangxi R27
NN74 cow milk Guangxi R28
NN134 cow milk Guangxi R29
| GDHS5 pig tonsil Guangdong R30
NN66 cow milk Guangxi R31
GD27 cow milk Guangdong R32
GD30 cow milk Guangdong R33
GD26 cow milk Guangdong R34
. [ ] 111 apa7 cow milk Guangdong Ras5

Figure 1. Dendrogram of ribotyping patterns of 90 S. aureus strains from pig tonsils and cow’s milk was drawn by BioNumerics software with a 1.0%
position tolerance and 0.5% optimization. Percentage similarity was determined with the use of Dice coefficient and clustering was performed by
unweighted pair group method with arithmetic mean (UPGMA).
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isolates from pigs (92.9%, 39/42) was constitutive MLS;, resistance
phenotype than that of milk strains (10.4%, 5/48), although resistant
rates similar to clindamycin were observed in isolates from pigs and
those from milk (95.2% versus 91.1%).

There was no significant difference in resistance to penicillin,
sulfisoxazole, and clindamycin between the isolates from pigs and
those from milk.

Harboring of mecA, ermA, ermB, ermC, and msrA
genes

All 35 MRSA isolates from pigs were positive for the mecA gene.
Among the erythromycin-resistant isolates, 69 strains (89.6%) were
found to harbor the ermC and 13 strains (16.9%) harbored the
ermB gene. Strains with inducible MLS; resistance harbored only
the ermC gene, whereas isolates with constitutive MLS, phenotype
may have contained the ermB and/or ermC gene. The ermA and
msrA genes were not detected.

Ribotyping

All 90 S. aureus strains used in this study were typed into 35 dif-
ferent ribogroups by the RiboPrinter and were tentatively desig-
nated as R1 to R35. Each of the patterns contained 8 to 15 fragments
(Figure 1). The dendrogram presented in Figure 1 shows that the
genetic diversity of strains isolated from milk was greater than
that of strains isolated from tonsils. Most pig strains (83.3%, 35/42)
belonged to 1 cluster (including 4 ribogroups, R11 to R14), which
showed high genetic relatedness with a similarity coefficient of 0.84.
Four pig isolates (9.5%) from Dalian belonged to R22 with a similar-
ity coefficient of higher than 0.94. Another 3 pig strains (BJ7, HS107,
and GDHS5) were classified as R15, R16, and R30, respectively. In
contrast, 48 milk strains belonged to the rest of the 27 ribotypes, with
3 main clusters (33/48 milk strains, 68.8%). One cluster (R1 to R6)
included 16 strains from Guangdong and Tianjin with the coefficient
higher than 0.72. The other 2 clusters contained 7 (R7 to R10) and
10 (R25 to R31) milk strains from Guangdong and Guangxi with
the coefficient higher than 0.66. Moreover, 4 milk isolates and 9 pig
strains were classified as ribogroup R14 with a relatedness higher
than 0.94, which was thought to be an epidemiology correlation.

Antimicrobial resistance and resistant genes

Most of the S. aureus strains in this study were resistant to
clindamycin (91.1%), penicillin (90%), and erythromycin (85.6%).
This is similar to findings obtained in other countries (16,17), which
reflects the predominant use of these drugs in pig and dairy cattle
husbandry worldwide.

Among the penicillin-resistant isolates, 35/39 strains from pigs
were MRSA in this study. This was further confirmed by the carriage
of the mecA gene; and only 4/39 penicillinase-producing strains
were detected. In contrast, all 42 penicillin-resistant isolates from
milk were penicillinase-producing strains. Methicillin-resistant
Staphylococcus aureus (MRSA) among pig isolates was more prevalent
than among strains isolated from milk, similar results were observed
by other researchers (16,18,19). This may be associated with the

variable use of antibiotics in different animals. For example, ceftiofur,
which is for veterinary use only, is widely used in pigs and seldom
used in dairy cattle, while penicillin is still the most clinically used
antimicrobial agent in China to control bovine mastitis.

Moreover, the results obtained in this study showed that all
77 erythromycin-resistant strains (85.6%) had the MLS;, phenotype.
Of these, 54.5% had constitutive resistance, 45.5% had inducible
resistance, and no strains had the MS phenotype. Similar results were
observed in human clinical isolates. Delialioglu et al (20) reported
that 56 strains (75.7%) had constitutive resistance, 18 strains (24.3%)
had inducible MLS;; resistance, and no MS phenotype was found.
Aktas et al (21) found that 58.3% of S. aureus isolates were constitu-
tive MLSB and 20.8% were inducible phenotypes.

Results of PCRs showed that the ermC gene was the most preva-
lent found (89.6%), followed by the ermB gene (16.9%) in MLS,
isolates. This finding reveals that target-site modification, encoded
by the erm gene, is responsible for the resistance to macrolides and
further leads to cross-resistance among macrolides, lincosamides,
and streptogramin B, which is the most widespread mechanism
of resistance to MLS;,. Findings from Turkey showed an incidence
of 62.5% for the ermC and 8.3% for the ermB gene among the
erythromycin-resistant S. aureus (21). Schmitz et al (22) reported
that ermC was responsible for erythromycin resistance in 50.7% of
the strains, followed by ermA (38.8%).

No strains were resistant to vancomycin or trimethoprim-
sulfamethoxazole. The same results for S. aureus from milk and
dairy products were obtained in other studies (19,23,24). Although
vancomycin-resistant MRSA (VRSA) from clinical patients was
increasingly reported in different countries (25,26), no VRSA has
been separated from food production animals to date.

Molecular subtype of S. aureus

A total of 35 different ribotypes was detected in this study, which
indicates considerable genetic diversity within the species S. aureus,
as previously observed (18,27). The differences in the genotypes of
S. aureus found among various animals, based on EcoRI ribotyping,
however, show a high degree of host specificity. The high prevalence
(83.3%) of ribotypes R11 to R14 in pig strains from different regions
indicates that the predominant S. aureus genotypes can exhibit high
colonization and survival in tonsil of pigs, which favors a benign
relationship between the microbe and the host animal (28,29).
Moreover, the results given in Figure 1 showed that most S. aureus
strains from milk consisted of the major genotypes, which were rela-
tive to the regions and herds isolated. The number of genotypes of
strains from Tianjin, which included several herds, was higher than
that from Guangxi (only 1 herd). Similar results were observed by
Haveri et al (30), who found more genotypes among S. aureus isolates
from an open herd than from a closed herd.

Complex genetic diversity of strains from pigs and milk was
observed as 13 S. aureus isolates (4 from pigs and 9 from milk)
belonged to the same ribotype (R14) with a similarity coefficient
of 0.94. This indicated a possible host-unspecificity or cross-
dissemination of ribotype R14 between these 2 types of animals
considering the presence of mixed pig and cow farms and S. aureus
carriers (31,32). Further research is required in order to elucidate
transmission routes or risk factors.
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Although we tried to determine whether or not the antimicrobial
susceptibility patterns are associated with the molecular typing of
S. aureus, unfortunately, no association was established in this study.

In conclusion, the data acquired in this study confirm the wide
antimicrobial resistance phenotype and genotype diversity of
S. aureus from pigs and milk. A high prevalence of MRSA was
observed in pig isolates. All erythromycin-resistant strains were
MLS; in spite of the different distribution of constitutive and induc-
ible resistance among pig isolates and milk strains. The ribotypes of
S. aureus isolates were associated with host specificity. It is interest-
ing to note, however, that there was no evident correlation between
the observed strain variability and antimicrobial susceptibility. This
information may be useful in planning strategies to prevent and
control the emergence and spread of S. aureus within and between
herds.
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