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Capurro A, Concha C, Nilsson L, Ostensson K: Identification of coagulase-positive
staphylococci isolated from bovine milk. Acta vet. scand. 1999,40,315-321. - A to­
tal of 414 coagulase-positive staphylococcal strains obtained at the mastitis laboratory,
National Veterinary Institute, Uppsala, Sweden, were studied. One hundred and seventy
seven strains were used for a frequency study. Ninety-seven per cent were identified as
Staphy lococcus aureus, 2% as Staphylococcus intermedius and 1% as Staphy lococcus
hyi cus. Two hundred and thirty seven strains with atypical hemolysis reactions on bo­
vine blood agar were randomly selected, with the aim to increase the number of S. inter­
medius and S. hyi cus strains available for testing. Eight different characteristics, includ­
ing physiological, enzymat ical and biochemical properties, were used to identify the
coagulase-positive Staphylococcus species. The results ofthis study suggest that the fol­
lowing tests should be included for correct identification of the 3 different species ofco­
agulase-positive staphylococci: P agar supplemented with acriflavin, fl -galactosidase
and hemolytic reaction on chocolate agar. These 3 tests are simple and quick to perform
and enable accurate for easy differentiation of the 3 coagulase-positive Staphylococcus
species.

cow; mastitis; differentiation.

Introduction

In the last edition of the Bergey 's Manual ofde­

terminat ive bacteriology (1986) three species

of coagulase-positive staphylococci (CPS) are

listed; S. aureus (Buchanan & Gibons 1974), S.
intermedius (Hajek 1976) and S. hyicus subsp .

hyicus (Devriese et al. 1978). CPS are often iso­

lated from bovine milk samples, and in routine

laboratory diagnostics, generally, all strains of

CPS have been considered as S. aureus. How­

ever, it is today generally considered that CPS

in milk include not only S. aureus, but also S.
intermedius and S. hyicus (Harmon et al. 1993,
National Mastitis Council. 1987). Historically,

species in the genera Staphylococcus have been
divided into coagulase-positive and coagulase­

negative staphylococci, differentiated by the

use of one single test, the coagulase test (Evans
1965). However, sin ce it has been shown that

different stra ins of S. aureus can have different

coagulase reaction (Watts et al. 1984; Fox et al.
1996) and that S. hyicus subsp. hyicus is coagu­

lase variable (Devriese et al. 1978), additional
tests have to be used for an accurate differenti­

ation.

Studies, using complementary tests to the coag­

ulase test, have been carried out during recent

years to determine a good combination of tests

for differentiation of the 3 CPS at specie level

(Botha & Brand 1987, Roberson et al. 1992).
Several studies in different regions and coun­

tries (Rampone et al. 1993, Calzolari et al.
1995, Roberson et al. 1996) have reported dif-
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ferent frequencies for S. aureus, S. intermedius,
and S. hyicus, among CPS from bovine milk,
identified by the use of a combination of tests.
In all studies there were a high predominance of
S. aureus.
The main objectives of the present report were
to study the relative occurrence ofS. aureus , S.
intermedius, and S. hyicus among CPS, isolated
from milk samples collected from bovine mas­
titis cases in Sweden and to establish a relevant
and accurate typing scheme for identification of
the 3 CPS species .

Materials and methods
Bacterial strains
The CPS strains were obtained from bovine
milk samples from mastitis cases, sent to a mas­
titis routine laboratory (National Veterinary In­
stitute, Uppsala, Sweden). The total number of
CPS strains included in this study was 414,
among which 327 were from subclinical and 87
from clinical mastitis . The samples were classi­
fied in mater ial A and B according to the he­
molysis reaction on bovine blood agar of each
strain . The terminology by Elek & Levy (1950)
was used. Material A, used for frequency study,
consisted of the 177 strains irrespective of type
of hemolysis reaction presented. In this mate­
rial all CPS isolated from milk samples during
a specific period of time were selected, with the
restriction of just one strain per herd. Material
B consisted of237 strains, without the bovine S.
aureus strains typical double hemolysis zones
on bovine blood agar. The strains were CPS
randomly selected from different herds, with
the aim to increase the number of strains other
than S. aureus, available for testing .

Identification ofisolates
Gram-positive strains of non-motile cocci
which produced catalase (National Mastitis

Council 1987) and coagulase (National Mas­
titis Council 1987,Quinn et al. 1994) were c1as-
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sified as CPS. Isolates which were identified as
CPS were additionally tested.

Storage ofisolates
Each of the isolates was harvested in a tube
(Nalgene cryogenics vials, Nalge Company,
Rochester, NY, USA) containing I mlofTryp­
ticase soy broth (TSB) +15% glycerol, (Becton­
Dickinson, San Jose, CA, USA) for prolonged
storage at -31°C. After storage each isolate was
subcultured twice, before it was tested.

Differentiation ofstaphylococcal species
Differentiation of staphylococcal species was
carried out using the following tests in the given
order.
In the test of ability to grow on P agar (Phillips
& Nash 1985), the medium was supplemented
with 7 J-lg ofacriflavin per ml according to Har­
mon et al. (199 I) . The inoculation was per­
formed according to Roberson et al. (1992).
Growth indicated S. aureus. In the acetoin test
the medium was prepared according to Rober­
son et al. (1992 ). S. aureus is in general positive
in this test. Anaerobic fermentation ofmannitol
was performed as described by the Subcommit­
tee on Taxonomy ofStaphylococci and Micro­
cocci (1965) . S. aureus is considered to be pos­
itive. Culture on purple agar (Difco, Detroit , IL,
USA) with I% maltose was prepared and inter­
preted according to Quinn et al. (1994) . S. au­
reus and S. intermedius show positive reactions .
Thej3-galactosidase test (Robertson et al. 1992)

was performed using a commercially available
substrate tablet (Rosco, Taastrup, Denmark)
(Mac Faddin 1980), according to instructions
by the company. S. intermedius is considered to
be positive.
Hemolytic reaction on chocolate agar was per­
formed as described by Liimmler (1991). S. hy­
icus has a positive reaction . Synergistic hemol­
ysis (CAMP-like) test was performed as
descr ibed by Hebert & Hancock (1985) . S. hyi-
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Table I . Number and frequency of coagulase-positive staphylococcal species in material A (all coagulase­
positive strains) and B (strains without the bovine coagulase-positive S. aureus typical double hemolysis zone),
divided into clinical and subclinical cases ofmastitis .

Material A Material B

Species Clinical Subclinical Total % Clinical Subclinical Total %

S. aureus 36 137 173 97 48 182 230 97
S. intermedius I 2 3 2 I 4 5 2
S. hyicus 0 I I I I I 2 I

Total 37 140 177 100 50 187 237 100

cus has a positive reaction. Aerobic fermenta­
tion ofmannitol was tested in mannitol salt agar
(Acumedia, Ljusne, Sweden) and interpreted
according to Botha & Brand (1987). S. aureus
and S. intermedius show positive reactions.

Control strains
Control strains used in all tests were obtained
from a collection at the Department ofMastitis,
National Veterinary Institute, Uppsala, Swe­
den. The control strains were: Staphylococcus
aureus Newman A275, Staphylococcus aureus
Oxford 209, Staphylococcus intermedius Ll3,
Staphylococcus hyicus 8610193, and Staphylo­
coccus hyicus 8612948.

Accuprobe'' method
Ten, 8 and 3 strains ofS. aureus, S. intermedius
and S. hyicus, respectively,were tested with Ac­
cuprobe" Staphylococcus aureus culture iden­
tification test (Gen-probe, San Diego, CA,
USA), specific for S. aureus of human origin.
The test was performed according to Freney et
al. (1993). This is a nucleic acid hybridization
test which is based on the ability of comple­
mentary nucleic acid strands to specifically
align and associate to form stable double­
stranded complexes. A chemiluminescent la­
belled, single-stranded DNA probe, comple­
mentary to the ribosomal RNA of the target
organism, combines with the RNA to form a

stable DNA:RNA hybrid. The labelled DNA:
RNA hybrids are measured in a Gen-Probe lu­
minometer.

Results
Table 1 shows the number and frequencies of
the different species obtained among the CPS.
In samples from clinical and subclinical mas­
titis cases and in both materials high predomi­
nance ofS. aureus was seen. There were no dif­
ferences in the frequencies of the 3 species
between material A and B.
A simplified key (Fig. 1) was compiled for the
identification of the different CPS species.
Table 2 shows the proportion of the tested
strains positive in the 8 different tests. Four
hundred and three strains'that were positive on
P agar with acriflavin, and positive to the aero­
bic and anaerobic mannitol fermentation test,
among which 98% and 80%were positive to ac­
etoin test and purple agar test, respectively,
were determined as S. aureus. All these S. au­
reus strains were negative in the other tests
used.
The 8 strains with positive reaction in the aero­
bic mannitol fermentation test andfJ-galactosi­
dase test, were considered as S. intermedius.
Among these, 2 and 6 strains were also positive
to the acetoin test and purple agar test, respec­
tively. All S. intermedius strains were negative
to the test on P agar with acriflavin, anaerobic
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Gram-positive cocci

I
Catalase test

(+) ---JI_ (_)
Staphylococcus Streptococcus
Micrococcus

I
Coagulase test

S.aureus Coagulase-negative spp.
S. intermedius Micrococcus
S. hyicus

I
Acetoin test
P-agar test
Anaerobic fermentation of mannitol test

(+) -----1-------- (_)
S.aureus S. intermedius

S. hyicus

I
Aerobic fermentation of mannitol test
jI-galactosidase test

(+) 1 - (_)

S. intermedius S. hyicus

Synergistic hemolysis (CAMP-like) test
Hemolytic reaction on chocolate agar test

(+) S. hyicus

Figure I . A simplified key for differentiating coagulase-positive staphylococci.

mannitol fermentation test, and the CAMP-like
test and showed no hemolytic reaction on choc­
olate agar.
Only 3 strains were positive in the CAMP-like
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test and gave a hemolytic reaction on chocolate
agar and were determined as S. hyicus. These
strains were negative in all the other tests .
The results ofAccuprobe'" test are shown in Ta-
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TabIe 2. Results of analyses of coagulase-positive staphylococci by8 different tests forcharacterization ofS
aureus, S. intermedius andS. hyicus. Thefigures aregiven as percentages ofpositive strains.

Test

Species P agar Anaerobic
fermentation
ofmannitol

Aerobic ft-galactosidase
fermentation
ofmannitol

Acetoin Purple CAMP-like
agar

Hemolysis
on chocolate

agar

S.aureus
S intermedius
Shyicus

100
o
o

100
o
o

100
100
o

o
100
o

98
25
o

80*
75**
o

o
o

100

o
o

100

*A +++ positive test. **A ++positive test.

ble 3. All S. aureus strains were positiveand the
other CPS were negative.

TabIe 3. Percentages of positive reactions among
21 coagulase-positive staphylococcal strains tested
bytheAccuprobef test.

Discussion
The 3 species were, more or less, equally dis­
tributed among clinical and sub-clinical cases
(Table 1). The frequencies of the different CPS
species were similar in material A and B but
slightly different to what has been reported in
other studies. El-Sukhon, (1995) found higher
frequency of S. hyicus (3.8%). This may be ex­
plained by differences in the characterizationof
variousspecies. It is also known that in the pop­
ulation of S. hyicus subsp. hyicus some strains
havean irregular,often negative,but sometimes
delayed positive coagulase reaction (Devriese
et al. 1978,Sperber 1979).
According to differences between the materials
and tests used, the results from studies byBotha
& Brand (1987), Rampone et al. (1993), and

Number of Accuprobe'"
strains positive
stested strains (%)

Calzolari et al. (1995) are not really compar­
able. However, the frequencies of the different
species reported in these studies, as well as in
the present, are rather similar.
Roberson et al. (1996) found, compared with
our findings, higher frequency of S. hyicus
(17.7%) and lower frequency ofS. intermedius
(0.2%) . The differencesmight be due to the fact
that Roberson et al. (1996) had 41% of primip­
arous cows in their trial. According to Nicker­
son et al. (1995), primiparouscows havehigher
prevalenceof S. hyicus. Furthermore,Roberson
et al. (1996) used a different chromogenic com­
pounds in thejJ-galactosidase test.
In the present study different tests for identifi­
cation and differentiation of the 3 CPS species
were evaluated, in order to find accurate but
also simple, inexpensive and quick tests. The
tests should havea high accuracy in identifying
each species and identificationshould be based
on positive, rather than negative test results.
The tests in the present study (Table 2) were
evaluated according to the these criteria.
According to the results of the present work a
combination of the following tests is suggested
to accurately differentiate the 3 CPS species
from each other: P agar supplemented with
acriflavin test, jJ-galactosidase test and hemo­
lytic reaction on chocolate agar. These tests are
meant to supplement rather than replace the co­
agulase test. They are rather quick, easily per-

100
o
o

10
8
3

Staphylococcus aureus
Staphylococcus intermedius
Staphylococcus hyicus

Species
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formed and interpreted, and relatively inexpen­
sive.
To identify a strain on the basis ofa small num­
ber of biochemical characteristics may be con­
sidered a problem because it increases the risk
ofmisidentification. Moreover, regarding S. au­
reus and S. intermedius, there are strains that
have weak utilisation, or fail to utilise certain
substrates in these 3 tests. Therefore we suggest
that anaerobic fermentation of mannitol also
should be used. To distinguish between S. inter­
medius and coagulase-positive S. hyicus with
atypical or weak reactions, we recommend
aerobic fermentation ofmannitol to be used.
The Accuprobe" test (Table 3), specific for hu­
man S. aureus, worked well for the lOS. aureus
bovine strains tested . This seems to be a simple
and secure method but needs further evaluation
for CPS species isolated from bovine milk.
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Sammanfattning
Identifiering av koagulaspositiva stafylokocker isole ­
rade fran bovin mjolk.

En undersokning har genomforts dar sammanlagt
414 koagulaspositiva stafylokockstammar studerats.
Stammama var isolerade fran rnjolk fran fall av mas­
tit i samband med rutinverksamheten vid Avdeln­
ingen for mast it, Statens Veterinarmedicinska An­
stall , Uppsala, Sverige. Av dessa 414 stammar ingick
177 stammar i en frekvensstudie, varvid 97% av
stammama identifierades som Staphylococcus au­
reus, 2% som Staphylococcus intermedius och 1%
som Staphylococcus hyicus. Ytterligare 237 stammar
med atypisk hemolysreaktion pAnotblodagar valdes
ut i syfte att oka antalet Staphylococcus intermedius­
och Staphylococcus hyicus-stammar tillgangliga for
testning. Alta olika karaktarisktika, inkluderande fy­
siologiska, enzymatiska och biokemiska egenskaper,
anvandes fOratt identifiera de koagulaspositiva stafy­
lokockartema. Baserat pA resultatet av denna studie
foreslas att foljande tester kan anvandas fOren saker
identifiering av de 3 olika artema av koagulaspositiva
stafylokocker: P agar med acriflavin, p-galactosidas
och hemolytisk reaktion pa chokladagar. Dessa 3
tester ar okomplicerade och snabba att genomfora
vilket mojliggor en enkel, snabb och korrekt diffe­
rentiering av de 3 koagulaspositiva stafylokockar­
tema.
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