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SUMMARY

Phage typing occupies an interesting and
important capital in this work. This review
records obscrvations of phage typing of S. aureus
strains obtained during this investigation from
mastitis and normal milk of dairy cows. (using the
basic international set of 21 phages, which also
includes 8 phages of Davidson recommended
bovine set (1972).

A total of 103 S. aureus cultures (60 mastitis and
43 normal milk) were subjected to phage typing
using phages at routine test dilution (RTD). In the
current study 58.3% of cultures were typable.

It is interesting to mention that phage 42D of GIV
was dominant and capable of lysing the largest
number of cultures.

There were 16 recognizable phage patterns in
mastitis and 6 in normal milk S. aureus strains.
The phage patterns were made up of phages form
groups. 1 III, Iv and none from group. II.

INTRODUCTION

A primary goal of this study is the phage typing of

S. aureus strains obtained during investigation of
dairy cattle in Egyptian farms.

Phage typing is an established technique in
epidemiological studies of S. aureus infection in
man (Blair & Williams, 1961 and Frost, 1967).
The system is well developed for typing human
strains and systems for typing various animal
strains are in different stages of development
(Wilson and Miles, 1975). However, phage typing
has become widely used as an internationally
accepted technique for the study of S. aureus
(animal origin), particularly those associated with
mastitis in dairy cattle (Davidson, 1961; Frost,
1967 and Davidson, 1972).

Some workers have used the international basic
human set to type bovine strains (Mac-Donald,
1946; Davidson, 1961, and Frost, 1962), other
have introudced new phages where the human
phages were unsatisfactory (Smith, 1948 a & b,
Seto and Witson, 1958, Nakagawa, 1960,
Davidson, 1961 and Frost, 1967).

The opportunity was taken here to record
observations of phage typing of S. aureus strains
obtained during this investigation from dairy
cattle (Normal and mastitis milk) using the basic
intemational set of 21 phages which also includes

This is a part of a Ph. D Thesis presented by Mona El-Shabrawy (1995), Cairo University
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8 phages of Davidson recommended bovine sel
(1972). 1t is believed that no such work has been
performed before in Egypt.

MATERIAL AND METHODS
Strains:

One hundred and three S. aureus strains originated
from bovine milk specimens (60 mastitis & 43
normal) were used in testing the strain range
specificity of phages. All strains were catalase
positive, fermented glucose anacrobically,
coagulase positive, acetion produced form
glucose, and fermented maltose rapidly (Holt et
al., 1994 and Quinn et al., 1994).

Phage set:

The international basic set of 21 phages (human
and bovine phages) for typing staphylococci were
obtained from American Type Culture Collection
(ATCC), 12301 Parkloun Dr, Rochville, MD

20852 USA (Table 1).

Phage typing:

This was carricd out using phages listed j, lab.
(1). Phages were all used at routine test Biluticy,
(RTD). The basic technique of phage 1y,
followed that published by Blair and Williz,,:
(1961) and described by Cruichshank ¢

(1975).

Interpretation of Results:

Strains showing lysis (ranging from more thap 5
plaques to confluent lysis) were recorded gz
typable.

RESULTS

PHAGE TYPING OF BOVINE S. AUREUS
STRAINS

A total of 103 strains of S. aureus form cows milx
were subjected to the set of 21 typing available
phages. The S. aurcus isolates consisted of 6(
from mastitis milk and 43 from normal milk. Of

Table (1) The composition of the International basic phagé set for
typing of §. aureus.

Group

Bacteriophages

I @,

Il (33 .3C,55
m | (8), 4541, 54,7), 71, 83A, (89) 85
v

Mise 81,187

52 ,624), 79, 80

O Also in the international basic set for typing bovine staphylococci
Davidson, (1972) and Carroll  Francis (1985).
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Table (2): Percentage of Staphylcoccus aureus isolates lysed by

individual phages

Group | Phage | No. ofisolates isolates lysed*
tested No. %
I 29 103 0 0
52 103 23 22:3
52A 103 2 1.94
79 103 11 10.7
80 103 0 0
II 3A 103 0 0
3C 103 0 0
55 103 0 0
71 103 0 0
III 6 103 0 .0
42E 103 2 1.94
47 103 0 0
93 103 0 0
54 103 0 0
75 103 24 233
Tl 103 2 1.94
83A 103 6 5.8
84 103 0 0
85 103 0 0
j\Y 42D 103 35 34
Misc. 81 103 9 8.7
187 103 0 0
* Strong reaction at RTD

Misc. = Miscellaneous group.
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Table (3): Percentage of S. aureus isolates from normal and mastitls
milk lysed by individual phages.

—
Mastitis Normal
T
Group | Phage | Isolates Isolates lysed | Isolates Isolates lysed
tested tested
No. % No. %
T —
I 52 60 21 35 43 2 4.7
S2A 60 1 1.7 43 1 23
79 60 11 18.3 43 0 0
11 42E 60 2 33 43 0 0
75 60 2 |367| 43 2 47
77 60 2 33 43 0 0
83A 60 2 3.3 43 4 93
IV 42D 60 34 58.6 43 1 23
Misc. 81 60 8 13.3 43 1 2.3
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Table (4): Percentage frequency of phage patterns of 53 typable strains
of S. aureus from mastitis cow milk

Phage patterns lysis Group No. of strains | Frequency%
lysed
75,42D 1L, IV 3 5.7
52,79, 42D, LIV 1 1.9
75, 42D, 81 111, IV, Misc 2 3.8
52,79, 175,42D LI IV 2 3.8
52,15, 42D LI IV 7 13.2
42D v 13 24.5
52 I 3 5.1
52,81 I, Mise. 1 1.9
79 I 7 132
52,75, 42D, 81 I, L IV, 5 9.4
Misc.
52A,42D LIV 1 1.9
42E, 77 I 2 3.8
75 111 2 3.8
83A 11 2 3.8
52,79 I 1 1:9
52,75 [ I 1 1.9
Total 53 88.3

It is shown from table (4) that among the fifty three typable strains

of §. aureus recovered from mastitis milk, there were 16 recognizable

phage patterns.
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TaMe (5):  Percentage frequency of phage ﬁallcms of 7 typable strailng
of 8. aureus from normal cow milk,

Phage pattems lysis group Group | No. of strain | Frequency %
lysed
52,75, 83A, 81 11, Mise, I 14.3 -
52A, 75, 83A I, 1 143 N
83A 1 1 14.3 o
75, 83D 1 1 14.3 .
52 I 2 28.6‘
42D v 1 143 |
Total 7 163

these isolates, 60 (58.3%) were typable at the
RTD of available phages. The remaining cultures
were considered untypable.

The percentage frequency with which the isolates

were lysed by individual phages can be seen in
tables (2 and 3).

DISCUSSION

In this study, the bacteriohage typing of S.aureus
isolates from mastitis and normal milk of cows
was performed.

Bovine mastitis caused by S. aureus is serious

problem in all the major dairy countrjes (Frost
1967 and Wilson and Richards, 1980, There 5.
many different phage types of S. aureus gy
epidemiologically it is of significance to pe able
to tell the distribution of these types involved iy
udder infection and their Iytic pattern. Phage
typing is an established technique ip
epidemiological studies of S. aureus infection in
man. Davidson (1972) established an
internationally recommended set of bacteriophage
for typing S. aureus mastitis in dairy cattle.

One hundered and three S. aureus cultures isolated
from cow milk (60 mastitis and 43 normal) were
subjected to phage typing using international
basic set of 21 phages (including 8 phages of

* Unfortunately, the complete Davidson's recommended set could not be obtained.

90

Vet.Med.J.,Giza.Vol.44,No.1(1996)

Scanned with CamScanner


https://v3.camscanner.com/user/download

pavidson's international basic set for typing,
povine staphylococci) at Routine Test Dilution

(RTD)-

[n the current study, 58.3% of cultures were

pable. The typable strains consisted of 53
§8.8%) from mastitis milk and 7 (16.3%) from
n(,.-mal milk (Tables 2 and 3). This finding
jndicates that the set of phages used is capable of
typing the majority of mastitis strains but not
pormal strains reflecting the difference in
distribution of phage types involved in udder
infection and their suggested role in mastitis.
Further experiments must be carried out to
determine this point.

it would appear therefore, that S. aureus
population has become less susceptible to lysis of
this set of 21 phages used in this study.

The number of typable mastitis cultures at RTD
(88.8%) is somewhat different with the results
(73.6%) of Carrol and francis (1985) and also
with the range of results (69-73%) obtained by

Davidson (1972) when typing bovine S. aureus
cultures.

Holmberg (1975), employing at RTD 16 phages,
was able to type 75.4% of S. aureus.strains
isolated from bovine milk in Sweden. However,
Davidson (1972) found that 84% of U. K. strains
were typable using a set of 9 phages and up to
89% when using a wider range of 30 phages. It
would seem therefore that these variable range of
typable strains could be attributed to the
difference in phages set and dilution used as well
as phage types exists within a geographically
distinct area.

Some phages particularly 42 D from Group IV
and 75 from group III and 52 from group I were
particularly appropriate than others since they
lysed 34% and 23.3% and 22.3% of isolates
respectively. Neverthless, some phages

Vet.Med.J.,Giza.Vol.44,No.1(1996)

particularly from G Il would seem to be totally
inappropriate for future typing of bovine S. aureus
slrains since none of phages belonged to Gl could
lyse any of isolates. This result would agree with
that of other workers (Frost, 1967, Olson et al,
1969, Jones et al. 1972, Rahman and Baxi, 1983).

It is interesting to mention that phage 42 D of
group IV was dominant and capable of lysing the
largest numbers of cultures, a result which reflects
its particular significance in typing of bovine
population of S. aureus. Some authors have found
a predominance of phage group IV in lysis of
bovine S. aureus (Bonin and Blobel, 1967; Meyer,
1967; and Wilson and Miles, 1975; Mackie et al.,
1986; Nag and Ghosh-Ray, 1990 and Shimizy et
al., 1990).

Amongst phages of group I, group III and
miscellaneous group, 10.7% of strains were
susceptible to phage (79), 5.8% to phage (83 A)
and 8.7% to phage (81) respectively.
Susceptibility to other phages of these groups was
of lower order (less than 2%). Different results
were noted by Nag and Ghosh-Ray (1990) on the
susceptobility of bovine staphylacocci to
individual phages within the groups who
mentioned that the majority of strains were
susceptible to phages 6 and 42E of group II while
susceptibility to different phages of group I was of
lower order followed by group II and
miscellaneous group. This finding inturn confirms
what is previously suggested that differences in
phage susceptibility exist within geographical
origin of strains (Holmberg, 1975 and Overturf et
al 1991).

Among the staphylococcus strains examined
there were 16 recognizable phage patterns i
mastitis strains and 6 in normal milk strains.

The most common phage pattern was 42

(24.5%) which-was made up of single phage fr,
group IV. All the remaining phage patterns w
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made up of phage from group I. I1I, IV and none
from group II. In this concern, Surjala and
Saloniemi (1987) recorded that the most common
phage patterns was made up of phages of group
IV (62.8%) 1+M (16.1%), 111 + IV (6.6%) and 111
(3.9%).

REFERENCES

ATCC Workshop Manager, (1994): 12301 Parklawn Drive.
Rockville, Maryland, USA 20852.

Blair, 1. E. and Williams, R. E. 0.(1961): Phage typing of
staphylococci. Bull. W. H. O. 24: 771-784.

Bonin, W. and Blobel, H. (1967): Typing bovine
staphylococci. Zentbl. Bakt. Parasitkdel 1. (Orig). 205,
309-318.

Carroll, P. J. and Francis, P. G. (1985): The basic phage set
for typing bovine staphylococci. J. Hyg., 95, (3),
665-669.

Cruick Shank, R.; Duguid, J. P., Marmion, B. P. and Swain,
R. H. A. (1975): Medical Microbiology, 12th Ed. Vol. II.
Churchil Livingstone Edinburgh, London the New York.

Davidson, I. (1961): A set of bacteriphages for typing
bovine staphylococci. Res. Vet. Sci., 2: 396-407.

Davidson, I. (1971): Working group on phage-typing of
bovine staphylococci. Int. J. of Syst. 21 (1) :, 171-175.

Davidson, I. (1972): A collaborative investigation of phages
for typing bovine staphylococci. Bull. W. H. O. 46:
81-98.

Frost A. 1. (1962): Incidence of udder infection and mastitis
in south-east Queensland. Aust. Vet. J. 38, 110-115.

Frost, A. I. (1967): Haemolysin production from bovine
staphylococci. Aust. J. Exp. Biol. Med. sci., 45,
449-452.

Holmberg, O. (1975): Phage typing of staphylococcus
aureus strains isolated in sweder from bovine milk. Acta
Veterinia Scandinavia 16:411-419.

Holt, I. H., Krieg, N. R., Sneath, P. H. A. et al., ("1994):
Bergey's manual of determinative bacteriology. 9th Ed.
Williams and Wilkins, Baltimore.

Jones, M. A. S., Shannon, A. D.; Elliott, R. E. W.; Gernert,
E. M. R,, and Midgley, C. O. (1972): Phage typing f

staphylococci isolated from diary cows in New-Zealand.

92

w

New Zealand Vet. J. 20: 72-76-79.

MacDonald, A. (1946): Staphylococcus aureus jp cow'y
milk; The results of phage-typing. Mon, Bul, Minisg
Hith §:, 25-30.

' Mackie, D. P.; Pollock, D. A.; Rodgers, S. P. and Logap,

F. (1986): Phage typing of Staphylococcus aureus
associated with subclinical bovine mastitis, J, Dairy
Res., 54, (1): 1-5.

Meyer, W. (1967): Aproposal for subdividing the species

. Staphylococcus aureus. Int. J. Sys. Bacleriol, 17.
387-389.

Nag, N. C. and Ghosh-Ray, B. G. (1990):Susceptibility of
animal strains of Staphylococci to individual phages of
the intemational basic set and basic bovine set, Ind, J,
Anim. Hith., 29 (1): 37-41.

Nakagawa, M. (1960): Studies on bacteriophage typing of
staphylococci isolated from bovine milk. I11. Typing by
means of a new phage set. Jnp. J. Vet. Res. 8: 331.335,

Olson, I. C.; Casman, E. P. Baker, E. F. and stone, I. E,
(1969): Enterotoxigenicity of Staphylococcus aureys
strains isolated from cases of acute mastitis. J. Dairy Sc,,
52: 879-883. ‘

Overturf, G.D.; Talan, D. A,; Singer, K.; Anderson, N; et
al.(1991): Phage typing of Staphyylococcus intermedius,
1. Clin. Microbiol. 20 (20): 373-375.

Quinn, P. J.; Carter, M. E., Markey. B. K., and Carter, G.R.
(1994): Clinical Veterinary Microbiology. Mosby Year
Book Europe Limited. Lynton House, London. 109-126.

Rahman, H. and Baxi, K. (1983): Phage typing of
Staphylococcus aureus associated with povine mastitis.
Indian J. Comp. Microbiol. Immunol. and Inf. Dis. 4 (4).
266-268.

Seto, I. T. and Witson, 1. B. (1958): Bacteriophage typing of
micrococci of bovine origin. Am. J. Vet. Res. 19,
241-245.

Shimizu, A.; Kawano, 1.; Fujiwami, T.; Ozaki, 1. et al,,
(1990): Isolation of Staphylococci species from the
tonsils of healthy cattle and phage patterns of isoaltes.
Jpn. J. Vet. Sci., 52(5): 963-968. ,

Smith, H. W. (1948a):The typing of staphylococci of animal
origin by the bacteriophag method. J. Comp. Pathol. 58,
179-183.. _

Smith, H. W. (1948b): Investigation on the typing of
staphylococci by means of bacteriophage. I. The

Vet.Med.J.,Giza.Vol.44,No.1(1996)

Scanned with CamScanner


https://v3.camscanner.com/user/download

originand nature of lysogenic strains. J. Hyg., Camb, 46:  Wilsori, G. S. and Miles, A. A. (1975): Topley and Wilson's
74-80. _ Principles of Bacteriology, Virology and Immunity. 6th,
sSurjala, P. and Saloniemi, H. (1987): Phage typing of Ed. Volume II. Edwards and Amold Publisher's London.
Staphylococcus aureus isolated from milk of mastitic Wilson, C. D. and Richards, M. S. (1980): A survey of

cows in Finland. Meijeritieteellinen-Aikakauskirja, 45: mastitis inthe British dairy herd. Vet. Rec., 106,
1,76-81. 431-435,
Vet.Med.J.,Giza.Vol.44,No.1(1996) " 93

Scanned with CamScanner


https://v3.camscanner.com/user/download

