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SUMMARY

Staphylococcus aureus is the most prevalent pathogen causing mastitis of dairy ruminants. This
study was developed to ascertain the genotypes and genealogical relationship among strains
isolated from milk of bovines with mastitis in Argentina. Molecular epidemiological analysis of
S. aureus was performed on 112 isolates from 21 districts. Clonality was assessed by Smal
pulsed-field gel electrophoresis (PFGE) typing, automated EcoRI ribotyping and restriction
enzyme analysis of plasmid (REAP) DNA profiles. A total of 22 band patterns distributed in
four clusters were found by Smal PFGE analysis. The similarity of clusters 2, 3 and 4 with
cluster 1 was 0-73, 0-69 and 0-33, respectively, and 101 of 112 isolates belonged in cluster 1.
PFGE band patterns from 42 isolates within cluster 1 were indistinguishable from each other
(type A). The second largest group of isolates with indistinguishable PFGE band patterns was
subtype All, which was composed of 19 isolates. Automated ribotyping assigned the 112
isolates into 13 ribotypes. Among these, the most prevalent ribotypes I and VI were composed
of 49 and 35 isolates respectively. Although there was certain correspondence between PFGE
genotypes and ribotypes, further discrimination was achieved by combining both methods.
REAP DNA profile analysis was useful to provide even further discrimination between isolates
with identical PFGE genotype and ribotype. The most prevalent S. aureus strains A/l and
A11/VI were widely distributed in the country and were not restricted to individual nearby
locations. Prevalence of these two strains varied consecutively within a period of 8 years.
Whether the shift in type prevalence was due to selection of a phenotypic trait remains
undisclosed.

cause the disease, Staphylococcus aureus has emerged

INTRODUCTION as the most important one and, once it is established

Bovine mastitis has been singled out as the most
significant cause of economic loss to the dairy
industry. These losses are primarily due to lower milk
yields, reduced milk quality and higher production
costs [1]. Although several bacterial pathogens can
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in the milking animal, it is very difficult to eradicate
[2]. Despite the use of a variety of antimicrobial
agents, antibiotic therapy appears to be often
ineffective [3]. Numerous methods have been utilized
for epidemiological identification and comparison of
S. aureus isolates from human and animal staphylo-
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coccal infections. More traditional biochemical and
physiological typing methods have been superseded in
the past decade by molecular genetic procedures [4].
Among these, pulsed-field gel electrophoresis (PFGE)
of macrorestriction DNA fragments, random ampli-
fied polymorphic DNA polymerase chain reaction
analysis, ribotyping, binary typing and polymorphism
analysis of certain genes have been used to ascertain
clonality of S. aureus isolates from veterinary settings
[5-10].

It has been hypothesized that a better knowledge of
infective strain distribution in dairy herds might help
in formulating strategies to reduce infection spread
[11]. Molecular epidemiological studies on bovine S.
aureus isolates have shown that a large number of
types are involved in bovine mastitis etiology world-
wide and that certain types appear to predominate
within geographical regions [6, 12—-14]. Most mol-
ecular epidemiological studies on bovine S. aureus
isolates have been conducted on isolates from Europe
or North America, whereas data from South America
are scant [15]. This study was aimed at evaluating
clonal relationships between S. aureus isolates from
milk of bovines with mastitis in Argentina. To this
purpose, the validity of Smal PFGE typing and
automated ribotyping was ascertained.

MATERIALS AND METHODS
Bacterial isolates and cultures

One-hundred and twelve S. aureus were isolated from
milk of cows with clinical mastitis between 1989 and
1997. Milk samples were obtained from herds located
in 21 districts of Argentina. The nearest distance
between herds in two adjacent districts was 32 km and
the greatest distance between herds was approximately
1200 km. The isolates included in this study are
representative of bovine mastitis in Argentina as a
whole since they were obtained from the major dairy
regions of this country. S. aureus was identified by a
standard procedure of the microbiology laboratory
[16]. Isolates were stored in brain—heart infusion
(Difco) medium with 20 % glycerol at —20 °C until
used. S. aureus NCTC 8325 obtained from a com-
mercial source was included as quality control strain.

PFGE

Staphylococcus aureus isolates were identified by
PFGE by means of the CHEF DR-III system
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(Bio—Rad, Hercules, CA, USA) using a standard
protocol [17]. Briefly, S. aureus was cultured and plugs
were prepared. DNA was digested with Smal and
DNA fragments were resolved by electrophoresis in
0-8 % agarose gels run in 0-5 x TBE buffer over 18 h at
6 V/cm, 13 °C. The included angle was 120° and
initial and final switch times were 1s and 30s,
respectively. S. aureus 8325 was included in each gel as
quality control. After electrophoresis the gels were
stained with 2 yg/ml ethidium bromide and scanned
with the BioRad Gel Doc system using the Molecular
Analyst Software (Bio—Rad, Hercules, CA, USA).
For the final analysis band relative positions were
established on thermal paper prints of the gels and
compared with those generated with A Ladder DNA
concatemers (New England Biolabs, Beverly, MA,
USA). To evaluate the clonal relationship between
isolates the criteria by Tenover and coworkers [18]
were applied. PFGE patterns differing in seven or
more bands were recorded as PFGE types and
identified with a capital letter, whereas those differing
in 2-6 bands were recorded as different subtypes of
the pattern with the highest prevalence and identified
with a capital letter (type) followed by an arabic
number.

Automated ribotyping

Isolates were identified by EcoRI ribotyping using the
automated RiboPrint system (Qualicon, Wilmington,
DE, USA). Ribotyping was performed according to
the standard protocol recommended by the vendor
(RiboPrinter, Microbial Characterization System, Ch
2: Operations user’s guide, Qualicon). S. aureus was
grown overnight in brain—heart infusion agar (Difco),
and then suspended in sample preparation buffer and
heated at 80 °C over 10 min in the heat treatment
station. Samples were run in the aforementioned
system and each band pattern defined and compared
with an existing identification database.

Restriction enzyme analysis of plasmid (REAP) DNA
profiles

Plasmid DNA was isolated by alkaline lysis according
to Bimboim and Doly [19], previous treatment of
bacteria with lysozyme and lysostaphin (Sigma
Chemical Co., St Louis, MO, USA). For REAP,
DNA was digested with EcoRI as recommended by
the vendor (Promega Corp., Madison, WI, USA) and
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transferred into wells in a 0-7% agarose gel in TBE
buffer. Electrophoresis was run 4h at 90V in
tris—borate buffer and gels were stained and photo-
graphed. The number of bands was established on
Polaroid prints and the molecular size of each band
was estimated by comparison with those generated
with the 1 kb DNA ladder molecular weight marker
(Promega). Isolates yielding band profiles with
differences in one band were considered to belong in
different genotype groups.

Numerical analysis and discriminatory power

The similarity between PFGE types was evaluated by
the Dice coefficient [20]. The resultant matrix was
analysed by the unweighted pair group method of
analysis (UPGMA) [21].

RESULTS

Molecular epidemiological analysis of milk S. aureus
isolates was performed on 112 isolates from 21
districts. A total of 22 band patterns (including types
and subtypes) in the range from 485 to 48-5 kb were
found by Smal PFGE analysis. A dendrogram that
included all patterns was constructed on the basis of
the levels of similarity (Fig. 1). A cut-off point of 80 %
was considered to define four clusters, namely 1, 2, 3
and 4. Each cluster included types A, B, C and D,
respectively. Similarity of clusters 2, 3, and 4 with
cluster 1 was 073, 0-69 and 0-33, respectively. Smal
PFGE band analysis revealed that 101 of 112 isolates
(90%) belonged into cluster 1, according to the
criteria of Tenover et al. [18]. PFGE band patterns
from 42 isolates within cluster 1 were indistinguishable
from each other, and were thus classified as type A.
The second largest group of isolates with indis-
tinguishable PFGE band patterns was subtype All,
which was composed of 19 isolates. Band patterns of
type A and subtype Al1 isolates differed in four bands
(Fig. 2). The remaining 40 cluster 1 isolates were
evenly distributed in 14 subtype groups of smaller
size. Eight of 112 isolates were grouped within PFGE
cluster 3 and discriminated into type C (2 isolates)
subtypes C1, C2 and C3 isolates (2, 3 and 1 isolate
respectively). Finally, there was one isolate within
cluster 2 (type B) and there were two isolates within
cluster 4 (type D).

A total of 112 S. aureus isolates were typed by
means of the Riboprinter automated microbial charac-
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Fig. 1. Clonal relationships of 112 S. aureus isolates
established with Smal PFGE analysis. The scale indicates
the percent of similarity according to the Dice coefficient
within this set of strains. Clusters were labelled with Arabic
numbers and Q is the cluster containing quality control
strain NTCC 8325. Type A and subtype All were
predominant within cluster 1.
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Fig. 2. PFGE band patterns of S. aureus bovine isolates
from Argentina. Representative genotypes are shown in
each lane. Type A and subtype A11 were the most prevalent
ones within the period under scrutiny. Lanes MW are the A
ladder marker (position of each band is shown on the left-
hand side. 1018-5-48-5 kb). Lane Q is the S. aureus control
strain 8325-4.

terization system, as described in Materials and
Methods. The band pattern from each isolate was
compared with those of an existing identification
database. Species identification by conventional bio-
chemical testing and by automated ribotyping


https://doi.org/10.1017/S0950268801005519

448 F. R. Buzzola and others

100

Vendor Ribotype

code
b " 135-51-5 i
1 " 135-47-7 il
(B 135-54-2 \Y
P B I b 135-55-4 IX
T ! P 135-50-4 X
L] N 135-136-2 XV
g P 135-47-5 \%!
g i P 135-112-2 XI
g i uil 135-47-6 I
g | i W 135-116-5  XIII
[ IRE 135-55-3 VIII
] wid 135-115-4 XII
g RN 135-48-7 VIl
R B3 (] i 135-117-6  XIV
g 10 | § 135538 v

Fig. 3. Clonal relationships of 112 S. aureus isolates established with EcoRI automated ribotyping. The scale indicates the
percent of similarity within this set of strains. Ribotypes I and VI were the predominent ones in this study. Control strain
S. aureus 8325-4 exhibited ribotype X and an internal control strain derived from the same background showed ribotype IX.
The remaining 13 ribotype patterns were found in bovine clinical isolates.
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Fig. 4. Variation in prevalence of genotypes A/l and
A11/VI during 1989-97. Each point represents percentages
of A/T1 or A11/VI S. aureus isolates from the total number
of isolates in 2-year periods.

rendered coincident results. The S. aureus isolates
included in this study were assigned by the system to
13 ribotypes. Among these, the most prevalent
ribotypes I and VI were composed of 49 and 35
isolates respectively. The remaining 28 isolates were
evenly distributed in 11 groups of smaller size (Fig. 3).

Although there was certain correspondence between
types obtained by PFGE analysis and ribotyping,
further discrimination was achieved by combining
both methods. On one hand, the 42 PFGE type A
isolates were discriminated into four groups composed
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of 29, 7, 3 and 3 isolates according to their ribotypes
(L, I1, IIT and XII, respectively). Such discrimination,
however, was not achieved when PFGE subtype All
(19 isolates) were analysed by ribotyping. In fact,
from 19 A1l isolates, 18 were ribotype VI, and the
remaining A1l isolate was identified as ribotype VII.
On the other hand, PFGE analysis was useful to
provide further discrimination of the two largest
groups composed of ribotype I and VI S. aureus
isolates. There was certain correspondence between
PFGE type A and ribotype I isolates. Indeed, 29 of 49
ribotype I isolates were PFGE type A. The remaining
20 isolates were discriminated into seven ribogroups
composed of 1-5 isolates. Similarly, 18 of 35 ribotypes
VI isolates belonged in PFGE subtype All, and the
remaining 17 isolates were discriminated into 10
groups of smaller size.

The most prevalent S. aureus strain A/I (as defined
by PFGE typing and ribotyping) was widely distri-
buted in the country and was not restricted to
individual nearby locations. Indeed 29 isolates of
strain A/l were found in 15 of 21 locations
investigated. The second most prevalent genotype
Al11/VI was also widely distributed throughout
distant locations in the country. Considerable strain
variation was found from herd to herd within districts.
Ten different PFGE /ribotype strains were isolated
from the La Vacherie district from a total of 21
isolates, whereas 13 different strains were found in
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district Brandsen from a total of 17 isolates. Identi-
fication of six isolates obtained within a period of 2
months from district Brandsen revealed that these
isolates corresponded to six different PFGE /ribotype
strains. Similarly, six PFGE/ribotype strains were
identified among seven isolates obtained within a 4-
month period from herds in the La Vacherie district.

Prevalence of strains A/I and Al11/VI varied
considerably throughout the period under scrutiny,
when all locations were considered together (Fig. 4).
The same trend was also seen when isolates from two
distant locations (17 from Brandsen and 21 from La
Vacherie, districts located nearly 1100 km apart) were
studied in more detail. The results of our study
revealed that strain A/I was present from 1989 (high
prevalence) to 1994 (low prevalence) in La Vacherie
and from 1989 (high prevalence) to 1996 (low
prevalence) in Brandsen. The second most prevalent
strain (Al11/VI) was isolated from 11 different
locations from 1990 (low prevalence) to 1996 (high
prevalence).

Combined use of Smal PFGE and EcoRI ribo-
typing analyses permitted definition of two predomi-
nant clones, namely A/I and A11/VI. In order to test
whether REAP was a method powerful enough to
achieve further discrimination, two groups of A /I and
A11/VI selected isolates respectively were investi-
gated. Our experiments showed that all 11 A11/VI
isolates obtained within a 5-month period from eight
districts carried plasmids. These plasmids yielded 11
different REAP DNA profiles. Each profile consisted
of 3-11 bands in the 9500-650 bp range (Fig. 5). It
must be noted that three of these A11/VIisolates were
obtained from different herds within the same district
and yielded three different REAP DNA profiles.
Evaluation of 14 A/I isolates obtained within a 4-
month period from nine locations permitted identi-
fication of six REAP DNA profiles, which did not
overlap with those found among Al11/VI isolates.
These profiles exhibited 2-11 bands in the range
18000-900 bp (Fig. 5) and one of the A/I isolates
carried no plasmids. Two groups of 3 and 2 A/I
isolates, respectively, from two districts (La Vacherie
and Tandil) were discriminated by REAP DNA
profile analysis. Conversely, two isolates from
Brandsen (REAP type P15) and two isolates Bolivar
(REAP type P14), respectively, were not discriminated
from each other. Overall, the results showed that
REAP DNA profile analysis was useful to provide
further discrimination between isolates of identical
Smal PFGE genotype and ribotype.
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Fig. 5. Restriction enzyme (EcoRI) analysis of plasmid
DNA profiles from selected S. aureus bovine isolates. REAP
profiles are indicated on top of each panel. Panel a depicts
profiles from 14 genotype A/I isolates obtained within a 4-
month period. Lane (—) on panel a represents an isolate
with no plasmids. Panel b depicts profiles from 11 genotypes
Al11/VI isolates obtained within a 5-month period. Lane
MW in both panels is the 1-kb ladder (position of each band
is shown on the left-hand side, 10-1 kb).

DISCUSSION

This study shows that there is a prevalent Smal
macrorestriction cluster in Argentina that included
90% of the S. aureus bovine isolates examined.
Predominance of a reduced number of S. aureus types,
as assessed by phenotypic and genotypic methods,
was also observed in previous studies [11, 12, 22]. The
nature of the process leading to selection of limited
number of clones infecting dairy remains unclear.
According to our results, strains falling within the
main cluster were isolated throughout the full length
of the study. Moreover, genotype A/I isolates were
also found within the entire timeframe of the study,
albeit at very low prevalence by the end of the period
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under scrutiny. Although REAP revealed marked
differences in plasmid profiles among A /I isolates, our
experiments suggested that, as seen through Smal
PFGE typing and automated ribotyping, the S. aureus
genome may have suffered only minor changes
throughout the study. In a study on different
staphylococcal species, Pantucek et al. [23] concluded
that there was considerable variability in S. aureus.
The discrepancy between studies on this subject may
be attributed to the different type of samples utilized.
In our study, S. aureus isolates represent the country
as a whole over several years and, for this reason, it is
therefore conceivable that a S. aureus strain could
have disseminated throughout the region and that
only minimal genetic changes occurred over many
years in Argentina. Whether cluster 1 strains dis-
seminated throughout Argentina from a single source
remains unknown. Further studies should be per-
formed to ascertain whether S. aureus cluster 1 strains
can be found in other regions outside Argentina.
There were predominant clones (A/I and A11/VI)
in Argentina that in our study accounted for 41 % of
S. aureus isolates. In a previous study, Fitzgerald et al.
[24] have shown that a few specialized clones may be
responsible for cases of bovine mastitis and that these
clones may have broad geographic distribution. It can
be speculated that isolates with identical genotype
may have a trait that give them an advantage over
strains to survive in the environment, colonize the
bovine udder and/or cause apparent disease. A
previous study has shown that S. aureus from cows
with mastitis are most refractory to Kkilling by
polymorphonuclear leukocytes [25], suggesting that a
certain trait might be associated to pathogenicity in
bovines. Furthermore, there is previous evidence that
a limited number of S. aureus clones may be associated
with the expression of methicillin-resistance [26], a
characteristic that can be segregated under artificially
applied selective pressure. Whether there is a virulence
factor linked to S. aureus strains A/l and A11/VI is
not known and deserves to be investigated.
Interestingly, investigation of S. aureus isolates
obtained within a period of 8 years revealed a peak of
prevalence of A/I strain isolates followed by a marked
decrease in the prevalence of that genotype and a
simultaneous increase in the prevalence of subtype
A1l strains. Genetic dissimilarities between type A
and subtype All isolates determined a 4-band
difference in PFGE band patterns. According to
Tenover et al. [18], isolates bearing these genotypes
are possibly related and one may have derived from
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the other after two genetic events. The decrease in
genotype A/I strains and the concomitant increase in
A11/VI strain prevalences occurred in distant sites
simultaneously. It can be speculated that the shift in
prevalent types may have been due to use of antibiotics
on diseased cows, a factor that poses selective pressure
on bacterial populations [27]. Sixty-four percent of S.
aureus isolates from mastitic bovines in Argentina are
resistant to at least one currently used antibiotic [28].
Whether there was a shift in antibiotic resistance
patterns of S. aureus from bovines in Argentina within
the period 1989-97 is not known.

Analysis of plasmid DNA digested with endo-
nuclease EcoRI has been used to epidemiologically
investigate S. aureus isolates [29]. Although the
relative stability of staphylococcal plasmids has often
been debated, the method has been extensively utilized
[8]. Indeed, REAP DNA profiling was useful in
solving epidemiological problems concerning strains
that are assigned to the same type by other typing
techniques [30]. In our study, the method was utilized
to investigate isolates obtained within a maximum
period of 5 months. No isolate beyond this timeframe
was compared to avoid differences attributable to
plasmid instability. In fact, acquisition of a plasmid
and selection of a given REAP type in response to, for
instance, introduction of a new therapeutic scheme to
diseased cows is a process that may take several
months within a given area. From this study, it is
suggested that collection of samples within a short
timeframe makes REAP profiles an acceptable
method to discriminate isolates with identical PFGE
genotype and ribotype.

Both analysis of PFGE band patterns and auto-
mated ribotyping may be suitable methods to screen
genealogical relatedness of S. aureus isolates from
bovine milk. Both methods as performed in this study,
displayed similar good levels of discrimination. An
issue that has to be considered is that these methods
utilize different criteria for data interpretation.
Whereas the strict criteria by Tenover et al. [18] were
utilized to assess the relatedness among isolates
studied by PFGE typing, automated ribotyping
utilizes a customized software that assigns each band
pattern to a ribotype. Each band pattern is then
compared with others in an existing identification
database [31] and those that are statistically in-
distinguishable are clustered in the same ribogroup.
The use of other criteria on non-automated ribotyping
band patterns has led in the past to the conclusion
that the method may not be useful for S. aureus [8].
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Utilized as suggested by the vendor, automated
ribotyping was as useful as PFGE typing for the
purpose of this study. The choice for one or the other
method may in the end depend upon equipment
availability and/or cost. One feature of automated
ribotyping is that the method can additionally provide
confirmation of species identification. Whatever the
screening method chosen it remains clear that
thorough epidemiological assessment of S. aureus
isolates should be performed with both methods, or
any of these methods followed by other additional
procedures.

In conclusion, a limited number of clones defined
by combined use of Smal PFGE analysis and
automated ribotyping were found dispersed around
distant locations in Argentina. Prevalence of two
strains varied consecutively within a period of 8 years.
Further discrimination of these clones was achieved
by analysis of plasmid DNA digested with EcoRI.
Whether the shift in type prevalence was due to
selection of phenotypic trait remains undisclosed.
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