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From the Department of Food Hygiene, College of Veterinary Medicine, Helsinki, Finland.

The Effect of Various Stress Treatments on the Coagulase Test
in Staphylococcus aureus

by H. Korkeala and Varpu Hirveld

False-negative coagulase tests were observed in Staphylococcus
aureus strains stressed by low pH, heat treatment or repeated
freezing and lyophilization carried out directly from Baird-
Parker agar on which the strains were plated after stress treat-

ments.

The processing of foods in modern
food technology causes a number of pro-
blems to the food microbiologist, since
many of the surviving bacteria may be
damaged and their recovery and growth
impaired (e.g. Busta 1978, Ray 1979).
The debilitating effects of physical and
chemical stress on staphylococcal cells
have been well documented (Baird-Par-
ker & Davenport 1965, Brewer et al. 1977,
Flowers ef al. 1977, Andrews & Martin
1979, Korkeala 1980).

In carrying out the coagulase test, the
recommended procedure is by subcultur-
ing the suspected Staphylococcus aureus
colonies from the primary isolation agar
in brain heart infusion broth before the
cultures are inoculated to plasma to exa-
mine for coagulase production (Food
and Drug Administration 1976, Bear
et al. 1976, The International Commis-
sion on Microbiological Specifications
for Foods 1978). The purpose of the pre-
sent study was to find out whether the
coagulase test can be performed directly
from the colonies from the primary iso-
lation medium, particularly when the
bacteria have previously been subjected
to various stress treatments.
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Material and methods
The test organisms

A total of 77 coagulase-positive strains
of S. aureus were used in these experi-
ments, of which 57 were enterotoxin-
producing and 20 were not. The strains
were obtained from A. Niskanen, D.V.M,
and S. Lindroth, Ph.D., Technical Re-
search Centre of Finland, Food Research
Laboratory, Espoo, Finland.

Treatments

Every staphylococcal strain was in-

oculated into brain heart infusion (BHI)
broth (Difco Laboratories, Detroit, Mich.,
USA). From the overnight culture, 0.1 ml
of each staphylococcal suspension was
inoculated into 5 ml of skim-milk for the
purpose of stress treatments. Each stress
treatment was studied with the same
strains. After treatment one loopful of
cells was spread on Baird-Parker agar
(Difeo) and incubated for two days at
35° G.
Low pH: The pH of the skim-milk was
adjusted to 5.0 with 4 N-HCl. The inocu-
lated tubes containing skim-milk were
incubated for 24 h at 35° C.
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Table I. Coagulase production of Staphylococcus aureus strains after incubation
in skim-milk at pH 5, for 24 h at 35° C and spreading on Baird-Parker agar.

Positive reactions as function of time (h) expressed as percentage

Strain Size Number
of of Inoculation from BHI broth?) {
inoculum strains 24 reactionP) 447 reaction®) '
tested ¥ o1 2 3 4 24 % 1 2 3 4 24
A single i
ariztiegl;%-ic colony 33 0 82 100 100 100 100 0 45 94 97 100 100
strains Heavy
inoculum 27 0 59 78 78 93 100 0 37 74 74 93 100
Non- A single
toxigenic colony 10 0 70 100 100 100 100 0 40 100 100 100 100
strains Heavy .
inoculum 20 0 40 50 50 70 100 0 40 45 45 70 100

Table I (continued).

Positive reactions as function of time (h) expressed as percentage

Strain Size Number
of of Inoculation from Baird-Parker agar
inoculum strains ‘a4’ reaction?) ‘447 reactiont)
tested % 1 2 3 4 24 b 1 2 3 4 24
A single !
Entero- . =
toxigenic colony 33 0 0 9 36 42 94 0 0 0 15 36 88 ,
strains Heavy
inoculum 27 0 7 48 56 63 96 0 4 37 44 63 93
Non- A single
toxi . colony 10 0 0 30 80 100 100 0 0 30 40 70 100
xigenic
strains Heavy
inoculum 20 0 10 50 75 90 100 0 0 15 50 70 94
a) strains were first subeultiwred into BHI broth from Baird-Parker agar. 1 r
b) small organized clot.
¢) entire content of tube coagulates and is not displaced when tube is inverted, !

Heat treatment: The inoculated tubes Then the cells were thawed, refrozen

containing skim-milk were incubated for
24 h at 35° G. After the incubation the
tubes were heated for 15 minutes at
52° G,

Freezing: The inoculated tubes contain-
ing skim-milk were incubated for 24 h
at 35° C. Thereafter the tubes were fro-
zen and kept two weeks at —25° G.
Repeated freezing and lyophilization:
The inoculated tubes containing skim-
milk were incubated for 24 h at 356° G,
frozen and kept one week at —25°C.

and kept one week at —25° G, rethawed
and lyophilized. The dried cells were
rehydrated with 5 ml of physiological
saline and spread on Baird-Parker agar.

Coagulase test

The production of coagulase was meas-
ured by the tube method with pig plas-
ma. Each strain studied after the various
treatments was inoculated into BHI
broth from Baird-Parker agar, using
gither a single colony or a heavy inocu-




a) strains were first subcultured into BHI broth from Baird-Parker agar.

b) small organized clot.

¢) entire content of tube coagulates and is not displaced when tube is inverted.

lum. From each culture, grown overnight
in BHI broth at 35° C, 0.1 ml was added
to 0.5 ml of plasma. For purposes of
comparison, the test was also carried out
directly from Baird-Parker agar, using
either a single colony or a heavy inocu-
lum. The tubes containing plasma were
incubated at 35° C and examined after
14,1, 2, 3, 4 and 24 h. Two parallel tests
were done in each case. The results were
interpreted according to the guidelines
given by The International Commission
on Microbiological Specifications for

Foods (1978). A ‘24’ reaction or greater
was considered positive evidence of
coagulase production. If the parallel
tubes did not show the same coagulase
production the result was recorded ac-
cording to the slower reaction. When no
coagulase production was observed, both
parallel tubes always gave a negative
coagulase result.

Results

The effects of different stress treat-
ments on the coagulase production of

s
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Table 1I. Coagulase production of Staphylococcus aureus strains after heating in Table ITl. Coagulase production of Staphylococcus aureus strains after freezing in
skim-milk 15 minutes at 52° C and spreading on Baird-Parker agar. skim-milk two weeks at —25° C and spreading on Baird-Parker agar.
Strain Size Number Positive reactionsI as fl‘“:tmt of ti;';:l (1};) ;;tsressed as percentage strain Size Number Positive reactions as function of time (h) exp)ressed as percentage
of of noculation irom o £ £ Inoculation from BHI broth&
inoculum strains 34 reactionP) ’4 4 reaction®) ?noculum St:aills '9.4. reaction®) ’4 1’ renction®
tested % 1 2 3 4 4 ho1 2 3 4 tested % 1 2 8 4 24 %1 2 3 4 24
Entero- A single o o A single
toxigenic I(_:IO‘lony 33 0 82 100 100 100 100 0 52 94 97 100 100 E;[;;tiegreox::ic colony 33 0 8% 100 100 100 100 0 12 76 8 8 97
strains neavy _ 5 Heav
inocilum 27 0 8 89 8% 100 100 0 78 89 89 100 100 strains OB M 27 4 81 89 100 100 100 0 59 89 89 96 100
- A single i
Non- . A single
toxigenic IC.IOIOHY 10 0 80 100 100 100 100 0 50 100 100 100 100 %\ogg‘g enic colonfr 10 0 50 100 100 100 100 0 10 70 100 100 100
strains rieavy ; Heav
inocilum 19 0 26 63 74 84 100 0 16 42 68 84 100 strams  SEOTY w20 0 80 100 100 100 100 0 45 90 100 100 100
Table II (continued). Table III (continued).
Strain Size Number Positive reactio;ls aslf::mcti:n of :m"d (h) expressed as percentage Steain Size Number Positive reactions as function of time (h) expressed as percentage
of of noculation from Baird-Parker agar Inoculation from Baird-Parker agar
N A f £ 8
inoculum  strains 2+ reactionP) "4+ reaction®) ;’uoculum str(;ins 24 reactionb) *44 reaction®)
lested % 1 2 8 4 % 1 2 3 4 A tested % 1 2 3 4 2 % 1 2 3 4 2
A single :
Entero- ‘ - A single
toxigenic I%I‘zl;’:;’ 3 0 0 27 45 45 70 0 0 9 36 39 67 Efitieg?;ic colony 33 0 0 48 8 91 100 0 0 9 39 64 100
strains e . _ ; Heav
i inoculum 27 0 30 48 67 67 100 0 19 44 59 67 96 strains imc‘ﬂum 27 0 4 81 89 93 100 0 0 52 70 85 96
s A single :
Non- v A single
toxigenic f{‘;‘::;’ 0 0 0 60 100 100 1200 0 0 40 50 70 100 N enic colony 10 0 20 8 90 100 100 0 0 20 90 90 100
strains ! i Heavy
inoculum 19 0 11 63 79 89 100 0 5 53 74 79 100 strains inocdlum 20 0 5 65 90 100 100 0O 0 10 60 90 100

a) strains were first subcultured into BHI broth from Baird-Parker agar.

b) small organized clot.

¢} entire content of tube coagulates and is not displaced when tube 1s Inverted,

S. aureus strains carried out after plating
on Baird-Parker agar, either 1) subcul-
turing first in BHI broth or 2) directly
from the agar are shown in Tables I, II,
111 and IV. One non-toxigenic strain did
not grow on Baird-Parker agar after heat
treatment.

Discussion

The different stress treatments had no
effect on coagulase production in the
tests carried out with BHI broth (Tables
I—IV). The repair after stress occurred

during the growth of cells on Baird-Par-
ker agar and in the BHI broth. Positive
coagulase reactions were seen after four
h incubation at 35° C. In a few cases
24 h incubation was needed for the posi-
tive reaction.

The reduced pH, the heat treatment
and the repeated freezing and lyophili-
zation caused false-negative coagulase
reactions when carried out directly from
Baird-Parker agar (Tables I, II and IV).
Increasing the size of the inoculum into
the plasma reduced the. false-negative
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Table 1V. Coagulase production of Staphylococcus aureus sirains: after repeated
freezing at —25° C and lyophilization in skim-milk and spreading on Baird-
Parker agar,

Positive reactions as function of time (h) expressed as percentage

Strain Size Number

of of Inoculation from BHI broth3)

inoculum strains 2+ reaction?) ’4-4-* reaction®)

tested 4 1 2 3 4 24 % 1 2 3 4 24

A single
E}‘;fiegf’r;ic colony 33 0 39 61 8 8 100 0 12 39 55 64 100
strains Heavy

inoculum 27 0 8 8 100 100 100 0 74 8 89 93 100
- A single
?ogfiléenic colony 10 0 0 20 100 100 100 0 0 0 0 50 100
strains Heavy _ .

inoculum 20 0 85 100 100 100 100 0 50 100 100 100 100

Table IV (continued).

Strain Size Number Positive reactions as function of time (h) expressed as percentage

of of Inoculation from Baird-Parker agar

inoculum strains 24 reactionb) 4+ reaction®}

tested kA 1 2 3 4 24 % 1 2 3 4 24

A single
{f)‘;fiegfe"l;ic colony 33 0 0 6 3 52 94 0 0 3 12 27 88
strains Heavy

inoculum 27 0 44 81 93 96 100 0 11 59 85 89 93
AP A single
ﬁ,;‘;genic colony 0 0 0 o0 0 10 100 0 0 0 0 0 100
strains Heavy

inoculum 20 0 10 75 100 100 100 0 0 40 75 90 100

a) strains were first subcultured into BHI broth from Baird-Parker agar.

b) small organized clot,

c) entire content of tube coagulates and is not displaced when tube is inverted.

reactions, although they did not totally
disappear. Most of the false-negative re-
actions occurred after heat treatment
when a single colony was used for inoc-
ulation. False-negative reactions occurred
in spite of the classification of a ‘21’
reaction as coagulase-positive, Baird-
Parker agar has been shown previously
to give better recovery values for both
injured and uninjured staphylococci
than other selective media (Gray et al
1974, Stiles & Clark 1974, Niskanen &

Aalto 1978). It is thus apparent that
Baird-Parker agar gives better results,
due to the lack of inhibition of injured
staphylococei, than other selective media
for coagulase production, if the coagulase
test is performed directly from the pri-
mary isolation medium,

Two weeks’ freezing gave no false-
negative reactions, even when a single
colony was used for inoculation in test-
ing (Table III). This implies that foods
not heavily processed can be examined
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for coagulase production directly from
Baird-Parker agar. In general it is neces-
sary to incubate the coagulase tubes for
24 h to avoid false-negative reactions
when carried out directly from Baird-
Parker agar.

Hurst et al. (1973) have observed that
cells of S. aureus may recover their salt
tolerance while various membrane func-
tions are still damaged. It is also pos-
sible in the present case that the repair
of different functions did not occur at
the same time. Some disturbances were
left, even though the S. aureus cells were
able to grow on Baird-Parker agar. If
the cells are first subcultured into BHI
broth before coagulase testing, the false-
negative reactions are eliminated and
the coagulase reaction is more rapid.

It is possible to reduce the time for
identification of S. aureus by performing
the coagulase test directly from Baird-
Parker agar, when the foods in question
are not heavily processed. In the case
of heavily processed foods, false-negative
reactions are possible. These may some-
times be reduced by using a heavy inoc-
ulum; this, however, is not often pos-
sible.

There seem to be no major differences
between toxigenic and non-toxigenic
strains of S. aureus in terms of the coa-
gulase reaction.
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Summary

Coagulase production of 77 coagulase-
positive Staphylococcus aureus strains
stressed before plating on Baird-Parker
agar were studied directly from Baird-
Parker agar and from BHI broth on
strains subcultured first from Baird-
Parker agar.

Reduced pH, heat treatment and re-
peated freezing and lyophilization caused
false-negative coagulase reactions carried
out directly from Baird-Parker agar. No
false-negative reactions were observed
after simple freezing. The different stress
treatments had no effect on coagulase

roduction carried out from BHI broth.

oagulase tubes inoculated directly from
Baird-Parker agar have to be incubated
for longer time for a positive reaction
than tubes inoculated from BHI broth.

In the case of foods not heavily pro-
cessed, it is possible to reduce the time
for identification of S. aureus by per-
forming the coagulase test directly from
Baird-Parker agar.

Sammanfattning

Effekten av olika stressbehandlingar pd koagulas-
{est med Staphylococcus aureus

Koagulasproduktionen hos 77 koagulas-
positiva Staphylococcus aureus stammar,
som hade stressats fore odlingen pa
Baird-Parker agar, undersOktes direkt
fran Baird-Parker agar och fran BHI
niringslosning, till vilken de undersdkia
stammarna hade ympats fran Baird-
Parker agar.

Sankt pH, virmebehandling och upp-
repad djupfrysning och lyofilisering {r-
orsakade falska-negativa koagulasreaktio-
ner, di Lkoagulastestet foretogs direkt
frin Baird-Parker agar. Inga falska-nega-
tiva reaktioner observerades efter djup-
frysning. De olika stressbehandlingarna
hade ingen effekt pa koagulasproduktio-
nen, om testet féretogs fran BHI nérings-
16sningen. Koagulasrér, som hade inym-
pats direkt fran Baird-Parker agar, maste
inkuberas lingre #n sadana rér, som
inympades frdn BHI néringslésningen.

4 det giller livsmedel som inte varit
féremal for en extrem behandling, ar det
méjligt att férkorta tiden for idendtifie-
ring av S. aureus genom att utféra koa-
gulastesten direkt” frAn Baird-Parker
agar.

| Descriptors: low pH, heat treatment, freezing, repeated freezing and

lyophilization.
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Occurrence of Campylobacter fetus subsp. jejuni and
Yersinia enterocolitica in Domestic Animals and in Some Foods
of Animal Origin in Finland

by Marjo-Liisa Hdnninen and Markku Raevuori

This paper deals with the occurrence of Campylobacter fetus
subsp. jejuni and Yersinia enterocolitica in fecal samples of some
domestic animals and in samples of raw milk and ground meat.

Campylobacter fetus subsp. jejuni has
recently become recognized as a common
bacterial cause of diarrheal disease in
man (Buizler et al. 1973, Skirrow 1977,
Lindquist et al. 1978). Reservoirs of in-
fection are not well known. Organisms,
indistinguishable by current criteria
from strains of C. fetus subsp. jejuni
which affect humans, have been isolated
from many mammalian and avian species
(Sinibert 1978). Chickens have often been
suspected to be sources of Campylobacter
infection in humans (King 1957, Bulzler
et al, 1973, Brouwer et al. 1979). Milk has
also been an incriminated vehicle in
food-borne campylobacteriosis (Levy
1945, Robinson et al. 1979). A thermo-
philic campylobacter, earlier known as
V. coli, has frequently been isolated from
the intestinal contents of the pig. Cam-
pylobacter enteritis is also a recognized
disease in Finland (Kosunen 1978).

Pigs are generally considered to be the
most important reservoir of human yer-
sinosis (Esseveld & Goudzwaard 1973,
Toma & Diedrick 1975, Hurvell et al
1977). The organism has also been iso-
lated from meats originating from various
animals (Leistner et al. 1975) as well as
from milk products (Schiemann & Toma
1978, Schiemann 1978, Hughes 1979).

Nord, Vet.-Med. 1981, 33, 441—d45.

A survey was made in order to in-
vestigate the occurrence of C. fetus subsp.
jejuni in rectal swabs of cattle and in the
caecal contents of chickens. The occurq
rence of C. fetus subsp. jejuni and Yer-
sinia enterocolitica in samples of porcine
caecal contents, raw and pasteurised milk
and ground meat was also investigated.

Materials

The 200 samples of rectal swabs from
cattle were taken at the municipal slangh-
terhouse of Helsinki in May and June
1979. The 100 samples of chicken caecal
contents from seven breeding farms were
collected at a slanghterhouse, 400 km
north of Helsinki, between September
and November, The samples were trans-
ported in Stuart transport medium (Ox-
0id) to Helsinki. In total 81 unpasteuris-
ad samples of tank milk were taken in
August and September. The 17 samples
of pasteurised milk and the 16 samples
of ground meat (12 samples of beef, 2
samples of mixed pork and beef) were
taken from retail stores in Helsinki in
October. The 20 samples of porcine cae-
cal contents were collected at the Hel-
sinki municipal slaughterhouse in Octo-
ber.




