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Introduction 

Farah, I. 0., E. Pedersen, C. Halgaard and K. Bruhn: Companative characteriza­
tion and biotyping of Staphylococcus aureus isolates from human and bovine sour­
ces. Acta vet. scand. 1988, 29, 303-310. - One Hundred and ten alpha and/or 
delta-haemolytic isolates (collection 1), 50 beta haemolytic isolates (collection 2) 
from bovine mastitis, and I 00 previously phage-typed alpha- and delta-haemolytic 
isolates (human collection) og Staphylococcus aureus (S. aureus) were tested and 
biotyped according to the scheme of Hajek & Marsalek (1971). 
Among collection I isolates, 85 (77.3 %) belonged to the human biotype A (human 
source). Twenty two (20 %) designated as non-allotted strains, possessed charac­
teristics of both animal and human sources. The remaining 3 isolates (2.7 %) in 
this collection belonged to biotype C (animal source). 
All collection 2 isolates which were used as control strains for animal sources, 
belonged to biotype C. 
The human collection that contained 100 phage-typed haemolytic isolates (repre­
senting all human phage groups) were used as a control for the human source. Ir­
respective of their phage group, these strains predominantly produced alpha 
and/or delta haemolysins and belonged to the human biotype A. 
This study also recommended the use of a combined plasma crystal violet agar 
medium for the presumptive identification of S. aureus biotypes. 

mastitis; bacteriophage; non-allotted strains. 

Infections due to staphylococci are of con­
siderable importance to both human and 
veterinary practices. The incidence of these 
infections has increased due to the difficulty 
of their control (Cohen 1972, Devriese & 
Oeding 1976, Adekeye 1980). Notable 
among the diseases produced by this or­
ganism in cattle is bovine mastitis (Riche et 
a/. 1973, Witte eta/. 1978). 

milk products by human beings from ani­
mals affected with mastitis may under un­
favourable circumstances lead to food poi­
soning. Moreover, transmission of antibio­
tic-resistant strains from animal to humans 
and vice versa could also occur, resulting in 
serious economic and public health implica­
tions. 
In view of the importance of the identifica­
tion of the source of staphylococcal infect­
ions to achieve efficient control, the present 
study was undertaken on haemolytic S. 
aureus strains isolated by the National Vete-

The adverse effects of mastitis on the eco­
nomy and public health are well documen­
ted (Mohan eta/. 1973, Janzen 1970, Ade­
keye 1980). Consumption of milk and/or 
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rinary Laboratory, Ringsted, and the State 
Serum Institute, Denmark. 
The objective was to test three collections 
according to the biotyping criteria for dif­
ferentiating the human and animal strains of 
S. aureus to detect any human - animal 
source relationship and the extent of its in­
fluence on infection in cows, and to devise a 
simplified and practical method to presump­
tively differentiate S. aureus isolates from 
different sources. The choice of alpha and 
delta haemolytic strains was made in the 
present study because these haemolytic 
strains bear some characteristic relevance to 
the human isolates of S. aureus. 

Material and methods 
Sources of the isolates 
One hundred and ten isolates of S. aureus 
producing alpha and/or delta haemolysins 
designated as collection I, and 50 beta hae­
molytic isolates designated as collection 2, 
were obtained from the mastitis laboratory 
at Ringsted, Denmark. 
One hundred human isolates, representing 4 
phage groups namely, I, II, Ill, an M, each 
consisting of 25 strains designated as the hu­
man collection, were obtained from the De­
partment of Hospital Infections, State Serum 
Institute (SSO, Copenhagen, Denmark. 

Media 
To biotype the strains, 3 media namely, 
blood agar, fibrinolysin agar, and crystal 
violet agar (CV A) were used. The Bacto­
Crystalviolet medium ( I: I 0000) was com­
bined with 12 % fresh human or bovine 
plasma (Dept. of Hospital Infections, SSI, 
and the National Veterinary Laboratory, 
Ringsted, Denmark, respectively) was used 
as a modified test medium for presumptive 
identification of S. aureus biotypes (Christie 
& Wilson 1941, Klastrup 1955, Meyer 
1967). 
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Coagulase test 
This test was performed as described by the 
Subcommittee on Taxonomy of Staphy/o­
cocci(J965). 

Haemolysis 
The haemolysis production was tested on 
5 % sheep blood agar, and was interpreted as 
follows: 
I. A narrow zone af clear haemolysis with­
out clear edges around the colony was de­
clared alpha haemolysis. 
2. A wider clear zone around the colony 
with clear demarcated edges was called delta 
haemolysis. 
3. Incomplete haemolysis which would 
clear upon incubation in the refrigerator was 
identified as beta haemolysis. 
Further confirmation of the beta haemolysis 
was done by the reverse CAMP test 
(Cruickshank 197 5). Combinations of the 
above patterns were also recorded as alpha 
delta, and alpha beta delta haemolyses. 

Biotyping 
The biotyping was carried out according to 
the method of Hajek & Marsolek (1971), 
Devriese (1984). Phage typing was done at 
the Dept. of Hospital Infections, SSI, Den­
mark, according to the method of Blair & 
Williams ( 196 1 ), using the International set 
of phages, and phage 42D of the bovine 
phage set. 
The criteria for biotyping were fibrinolysis 
of human plasma, pigmentation, coagula­
tion of human plasma, production of alpha 
or beta haemolysis, crystalviolet type and 
the typability with the human and bovine 
phage sets. According to this, S. aureus was 
subdivided into 6 biotypes A through F (Ha­
jek & Marsolek 1971). 
Biotype A represented the human source of 
origin, biotype B the swine and poultry, bio­
type C the bovine and ovine, biotype E the 
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canine and equine, and biotype F was from 
pigeons. 

Presumptive detection of S. aureus biotypes 
The human and bovine plasma crystal violet 
plates were used in conjunction with each 
other to identify 260 isolates already bio­
typed according to Hajek & Marsalek 
(1971). 

Results 
Table I shows the results on biotyping of the 
3 groups of S. aureus isolates. 
One of the 110 bovine mastitis isolates (col­
lection 1), 85 (77.3 %) belonged to biotype A 
and 3 (2. 7 %) to biotype C. The remaining 
22 isolates (20 %) did not belong to either of 
the biotypes (non-allotted). 
All the human collection isolates were found 

to belong to biotype A irrespective of their 
phage group. 
The 50 beta haemolysin-producing isolates 
(collection 2) all belonged to biotype C. 
The summary of the biocharacteristics of the 
3 collections of S. aureus is presented in 
Table2. 

Phage-typing of collection 1 isolates 
Phage-typing with group IV, phage 
420: It was found that only 3 strains from 
bovine group l were sensitive to this phage 
indicating their animal origin, whereas the 
rest were not sensitive (Table 3). 
Phage-typing with the human phage 
groups: Table 3 shows the pattern and fre­
quency of the phage types of bovine collec­
tion I isolates of S. aureus. Most of these 
patterns are similar to the human phage 
types. 

Table I. Classification of three groups of S. aureus into biotypes. 

Typical reactions ofbiotypes 

Source A c non· Total 
tested allotted no. 

Bovine mastitis 
(collection I) 85 3 22 110 
The human collection: 
Phage 
group I 25 0 0 25 
Phage 
group II 25 0 0 25 
Phage 
group III 25 0 0 25 
Phage 
groupM 25 0 0 25 
Bovine mastitis 
(collection 2) 0 50 0 50 

Total 185 (71.1) 53 (20.4) 22 (8.5) 260 
Biotype present in humans cows 

Group I alpha and/or delta haemolytic 
Group II beta haemolytic 
Figures between brackets are percentage 
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Table 2. The biocharacteristics of3 groups of S. aureus representing 
different sources. 

Number of isolates tested 

Characteristics Bovine Human Bovine Total 
collection I collection collection 2 

Coagulation: 
Human plasma 110 100 50 260 
Bovine plasma 18 0 50 68 

Fibrinolysin: 
(human plasma) 
Positive 82 97 0 179 
Negative 28 3 50 81 

Crystal violet: 
A/B 15 6 50 71 
C/ D 95 94 0 189 

Hemolysin: 
alpha 8 36 0 44 
alpha delta 72 60 0 132 
delta 15 4 0 19 
alpha beta delta 3 0 4 7 
beta 12 0 46 58 

Phage typing with 
group IV* 3 0 3 

*This group is represented by phage 420 only. 

Presumptive identifications of S. aureus bio­
types and the non-allotted isolates 
The plasma crystalviolet medium was used 
to detect these biotypes and the non-allotted 
group of isolates. The 260 isolates could be 
subdivided with this method and the pat­
terns are shown in Table 4. 
The human biotype (group l) showed fibri­
nolysis on the human plasma crystalviolet 
(Hpcv) agar. However, on the bovine plasma 
crystal violet (Bpcv) agar no fibrinolysis was 
recorded. Their staining characteristics were 
shown to be of the crystalviolet type C/D 
(Table 4). 
The bovine biotype (group 2), was found to 
be non fibrinolytic on both Hpcv and Bpcv 
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agar plates, the crystalviolet type was found 
to be variable. 
The non-alloted isolates (group 3), showed 
fibrinolysis in both Hpcv and Bpcv agar pla­
tes, however, some of these strains showed a 
consideration zone around the inoculum on 
the Hpcv agar plate rather than the expected 
clearance. These strains belonged to phage 
groups I and Ill of the human phage set and 
their crystalviolet type was also variable 
(Table 4). 

Discussion 
This study showed that within the selected 
alpha and/or delta haern.olytic isolates from 
bovine mastitis (collection l) 77.3% of the 
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Table 3. Frequency of phage patterns of the bovine collection I isolated. 

Pattern Frequency • Phage pattern 
number 

I 2 29+ 
2 4 29/ 52A+ 
3 3 52 A+ 
4 2 29177+ 
5 6 29/52AI77+ 
6 I 77+ 
7 3 54+ 
8 4 84/90 
9 3 95 

10 15 29/6/47/ 52/54/75/77/81/84x85x93x89+ 
II 10 29/ 52A/6/47/53/54175177/84/85/93/89+ 
12 16 29/ 52/ 52A/80177/ 84/93+ 
13 7 6/47/ 53/ 54/75/77/84/85/93+ 
14 14 6/42E/47/ 54175/77/81+ 
15 12 6/47/ 53/ 54175+ 
16 3 420 
17 5 non-typable 

Total 110 

• Phage-typing done at the State Serum Institute, Denmark. 

Table 4. Characteristics of two biotypes and the non-allotted isolates of 
S. aureus on the plasma crystalviolet agar media. 

S. aureus Number Human plasma Bovine plasma 
groups tested crystalviolet crystal violet 

Hpcv·medium Bpcv-medium 

Group 1: 
biotype A 185 HF+, CV-C/D BF-, CV-C/D 
Group 2: 
biotypeC 53 HF-, CV -A/B* BF-, CV-A/B* 
Group 3: 
(non-allotted) 22 HF+, HF**, CV-V BF+, BF- , CV-V 

Total 260 

HF+: Fibrinolytic to human plasma, BF+: Fibrinolytic to bovine plasma, 
CV /C/ D: violet, CV -AlB: yellowish-white, HF- : non-fibrinolytic to human 
plasma, BF- : non-fibrinolytic to bovine plasma. HF**: Condensation zone 
on human plasma medium around the growth instead of clearance. 
CV -AlB*: mostly AlB type, but could be variable. 
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strains studied were found to be of the hu­
man biotype A and 20% were of intermedi­
ate types, originating from humans as indi­
cated by their phage patterns and fibrinoly­
tic abilities on human plasma. Only 2.7% of 
strains were of the bovine biotype C. The 
incidence of Biotype A in this group was 
high in numbers as compared with the re­
sults of other authors (Hajek & Marsalek 
1971, Marsalek & Hajek 1973, Adekeye 
1980). This could be explained by the selec­
tion of those strains producing alpha and/or 
delta lysins which were found to be pheno­
typic characteristics of the human isolates of 
S. aureus (Miljkovic et a/. 1974, Elias & 
Kofer 1980). 
While the non-alloted strains showed reac­
tions characteristics of both biotypes, collec­
tion 2 strains isolated from mastitis cases 
however, showed the biological characteri­
stics of the bovine biotype C. This is ex­
pected according to Hajek & Marsalek 
(1970) who attributed 89.1% of the cause of 
staphylococcal mastitis to S. aureus variety 
bovis which is the bovine biotype C of Ha­
jek & Marsalek (1971). These strains were 
used in this study as a negative control. 
As a positive control, strains of the human 
collection (the phage-typed human isolates) 
were found to belong to the human biotype 
A irrespective of their phage group. This is 
in agreement with the characteristic of the 
human isolates of S. aureus reported by Ha­
jek & Marsalek (1971), Marsalek & Hajek 
(1973), Rische (1973), Elias & Kofer (1980), 
Adekeye ( 1980), Devriese (1984). 
The present study supports the subdivision 
of S. aureus into host-specific biotype, and 
that the biotyping system could be used in 
the differentiation of ecologically different 
strains of S. aureus. 
A combination of human or bovine plasma 
and crystalviolet agar was used to give pre­
sumptive differentiation between human and 
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bovine biotypes and even to detect the inter­
mediate strains originating from human­
beings which were involved in bovine masti­
tis. This is due to the fact that the fibrino­
lysin reaction was exhibited by only the hu­
man strains (eventhough not as yet unambi­
guous), where as the bovine strains were 
found to be negative (Christie & Wilson 
1941, Meyer 1967, Hajek & Marsalek 1970, 
Marsalek & Hajek 1973, Rische 1973, Ade­
keye 1980, Devriese 1984). However, our 
study found that there was more specificity 
by the human strains of S. aureus towards 
lysing the human fibrin even though not 
conclusive as complicated due to reactions 
shown by the non-allotted isolates, hence 
the above criterion was used as a presump­
tive and not conclusive one. 
It was also noted that the behavior of these 
fibrinolytic strains on human plasma crystal 
plates and bovine plates could indicate the 
level of adaption of these strains in the bo­
vine. These strains may acquire fibrinolysis 
of bovine plasma with a corresponding zone 
of condensation on the human plasma cry­
stalviolet plates or keep abilities of fibrino­
lysis of both plasmae. The crystal violet type 
can also differentiate some phenotypic cha­
racteristics of these biotypes in their relation 
to bovine mastitis (Klastrup 1955, Meyer 
1967). This phenomenon could be used to 
establish as to how recent or old the infec­
tion originated from the human sources, 
which would obviously be a very useful 
finding with regards to the epidemiology of 
bovine mastitis (Table 4). 
The negative control (collection 2), behaved 
in a completely different manner by showing 
the crystalviolet type A/B or possibly vari­
able type, and being fibrinolysin-negative on 
both plasmae. The fact that these strains 
were adaptated to the bovine, had lived and 
continued to live in balance with their host 
whereby the production of their fibrinolysis 
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enzymes with their host whereby the pro­
duction of their fibrinolysis enzymes was 
rendered unnecessary in this case (Table 4). 
The positive control group behaved in ac­
cordance with the human biotype on the 
Hpcv plates and bore a negative relation­
ship to the bovine host with regards to the 
possibility of adapt ion. 
The phage patterns indicated the human ori­
gin of the biotype A and the non-allotted 
strains of S. aureus as isolated from bovine 
mastitis in Denmark (Table 3). 
In conclusion, isolation of alpha and/or 
delta haemolytic strains of S. aureus from 
bovine mastitis will call for further invest­
igation as to the source of infection which 
will undoubtedly help the investigator to 
control the problem and alleviate the chro­
nicity of staphylococcal mastitis being a 
continuing problem. This study may prove 
useful to pilot an extensive epidemiologic 
study with regards to the sources of infec­
tions due to S. aureus in man and animals. 
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Sammendng 
Sammenlignende beskrivelse og typebestemmelse 
af humane og bovine isolater af Staphylococcus 
aureus. 
110 alfa- og/eller deltahremolytiske stammer (ind-

samling 1), 50 betahremolytiske stammer (indsam­
ling 2) fra mastitis hos kvreg og 100 tidligere fag­
typede alfa- og deltahremolytiske stammer (human 
indsamling) af Staphylococcus aureus blev under­
S0gt og biotypet efter Hajek og Marsaleks metode 
(1971). 
85 (77,3 %) af stammeme i indsamling I tilh0rte 
den humane biotype A (human oprindelse); 22 
(20 %) sAkaldte vilde stammer viste egenskaber 
hidr0rende fra bAde animalske og humane kilder. 
de 0Vrige 3 isolater (2,7 %) i denne indsamlings­
gruppe tilh0rte biotype C (animalsk oprindelse). 
Aile 50 isolater i indsamling 2, der blev brugt som 
kontrolstammer for animalske kilder, tilh0rte bio­
type C. 
Den tredje gruppe, der indeholdt I 00 fagtypede 
hremolytiske stammer (reprresenterende aile hu­
mane faggrupper), blev anvendt som kontrol for 
human oprindelse. Uanset faggruppe producerede 
disse stammer hovedsageligt alfa- og/eller delta­
hremolysiner og tilh0rte den humane biotype A. 
Denne under50gelse viser tillige, at anvendelse af 
kombineret plasma-krystalviolet-agarsubstrat kan 
anbefales til forel0big identifikation af S. aureus 
biotyper. 
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