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Abstract . 

Skalka B.: Antagonistic Effect of Staphylococcus hyicus and Staphylococcus chromo
genes Exhibited on Staphylococcal Delta Hemolysin. Acta vet. Bmo, 60,1991: 61-69. 

Staphylococcus hyicus and Staphylococcus chromo genes are able to inhibit hemolytic 
effect of the staphylococcal delta hemolysin on agar media supplemented with human 
or sheep erythrocytes. This inhibition takes place even when the effect of delta hemo
lysin on agars with sheep erythrocytes is potentiated with staphylococcal beta hemo
lysin. Although less markedly expressed, similar antagonistic effect on staphylococcal 
delta hemolysin is also found in' a majority of strains Staphylococcus sciuri, Staphylo
coccus lentus and some Micrococcus spp. Other species of coagulase-negative staphy
lococci have no antagonistic effect on delta hemolysin. A technique of a combined test 
of hemolytic interactions (CTHI) for a simultaneous assay of hemolytic antagonism 
and synergism was proposed, which can be used to differentiate S. hyicus and S. chro
mogenes from other novobiocin-sensitive staphylococcal species. 

Staphylococcus hyicus, Staphylococcus chromo genes, staphylococcal delta hemolysin, anta
gonistic effect, combined test of hemolytic interactions (CTHI) 

In our previous paper (Skalka 1988) we described hemolytic activity of S. hyicus and S. chro
:mogenes on blood agars with rabbit or human erythrocytes. Hemolytic effects of these two staphy
lococcal species on agar media supplemented with erythrocytes of various animal origin differed 
from the data on sensitivity of various erythrocytes to staphylococcal hemolysins alpha, beta, ga
mmaand delta (Dolman 1932; Glenny and Stevens 1935; Smith and Price 1938; Williams 
and Harper 1947; Marks and Vaughan 1950; Jackson 1962; Jeljaszewicz 1972; Wiseman 
1975). In the paper mentioned we were not even able to confirm the descriptions of delta hemolysin 
production by certain strains of the two staphylococcal species (Hebert and Hancock 1985; 
Lammler and Blobel 1987; Watts and Owens 1987) or the information on their ability to pro
·duce gamma hemolysin (Goodfellow et al. 1987). 

The discrepancy between our findings and the descriptions of other authors cited stimulated 
our continuous study of hemolytic manifestations of the two above-mentioned staphylococcal 
:1lpecies, which is the subject-matter of the present paper. 

Materials and Methods 

Blood agars 

Brain heart infusion agar CM 375 (Oxoid Ltd.) or "basis for blood agar No.4" (Imuna) were 
supplemented with 5 % (v/v) washed sheep or human erythrocytes. 

Tested Strains . 

The set of tested strains of staphylococci included 247 S. hyicus, 218 S. chromo genes, 291 S. sciuri, 
123 S. saprophyticus, 119 S. epidermidis, 114 S. xylosus, 93 S. cohni;, 88 S. haemolyticus, 39 S. ha
minis, ~ S. flKlI7Ieri, 22 S. simulans, 18 S. gallinarum, 15 S. caprae, 12 S. equorum, 11 S. lentus, 11 
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S. arlettae,9 S. kloosii, 3 S. carnosus and 3 S. auricularis. Moreover, 141 Micrococcus spp. were also 
used without attempting to classify individual strains. All the above strains were isolated from cli
nically healthy animals. 

Indicator Strains 

The set of indicator strains consisted of S. aureus Mau 124/89, S. aureus Mau 125/89, S. haemoly
ticus M68/89, S. epidermidis M 66/89 and S. warneri M71/89 as producers of staphylococcal delta 
hemolysin, and also of S. aureus Mau 126/89 as a producer of staphylococcal beta hemolysin. These 
strains are stored under their corresponding designations in the Czechoslovak National Collection 
of Type Cultures (CNCTC) in Prague. 

Staphylococcal beta hemolysin 

For the preparation of a pre-purified form of staphylococcal beta hemolysin produced by the 
strain S. aureus Mau 126/80, we used a previously desgribed modification (Skalka et a!. 1979a; 
1979b) of the extraction by acetone (Haque and Baldwin 1969). 

Hemolytic interactions 

Hemolytic antagonism and synergism were studied using routine methods of cultivation lines 
of the strains tested leading perpendicularly to the growth lines of indicator strains on blood agars. 

Results 

The first series of experiments was made on agars with human erythrocytes. 
After 24-hour incubation~ all delta hemolysin producing indicator strains formed 
a wide zone of complete hemolysis on these media. This hemolysis was clearly 
inhibited if delta hemolysin producers were simultaneously cultivated with strains 
S. hyicus and S. chromo genes. The inhibition zone was triangular in shape~ with 
its top pointing towards the delta strain cultivation line. This was observed not 
only at that side of the indicator strain line where the tested strain grew but also 
on the opposite side where the strain tested was not cultivated (Fig. 1). In already 
24 hours~ some strains of S. hyicus and S. chromo genes began to manifest signs of 
their own direct hemolysis~ which, however, was fully manifested only after 
another 24 hours of incubation. The described effect of hemolytic antagonislJl 
was produced by all strains of S. hyicus and S. chromo genes. 

In the second series of experiments, blood agar with sheep erythrocytes was. 
used. Hemolytic zones around cultivation lines of delta producers were much 
narrower than on media with human erythrocytes~ but they were also clearly 
inhibited by all strains of S. hyicus and S. chromo genes. Antagonistic effects were 
similar to inhibition effects observed on media with human erythrocytes~ their 
triangular shape was, however, much flatter (Fig. 2). The intensity of delta. 
hemolysis inhibition of coagulase-negative strains exceeded the analogous inhi
bition observed in coagulase-positive strains. 

In the third series of experiments~ the indicator system exploited a potentiation 
of the intensity of delta hemolysin in the zone of staphylococcal beta hemolysin 
on media with sheep erythrocytes. The beta hemolysin producing strain and the 
delta hemolysih producer were cultivated parallelly close to each other and cul
tivation lines of S. hyicus and S. chromo genes were set perpendicular to otheil' 
lines. All strains of the species studied inhibited the hemolytic effect of delta 
hemolysih potentiated in the beta hemolysin zone~ but manifested no hemoly-
tic interaction with staphylococcal beta hemolysin (Fig. 3). 

In the fourth series of experiments~ a modification of the method from the 
third series was used. The beta hemolysin producer was substituted with a pre
~purified non-cellular form of its staphylococcal exosubstance and this was. 
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applied as a line on the agar medium with erythrocytes. The delta hemolysin 
producer was cultivated directly on the beta hemolysin line immediately after 
it was applied on the medium. The strains studied were again streaked perpen
dicular to the line of the indicator complex. In this experimental series, all strains 
of staphylococci and micrococi used in the present study were examined. Strains 
s. hyicus and S. ~hromogenes inhibited complete hemolysis of delta hemolysin 
potentiated by pre-purified staphylococcal beta hemolysin. Similar although 
less intensive effect of hemolytic antagonism was also observed in a majority of 
strains S. sauri (85 %), S. lentus (73 %) and the micrococci tested (89 %). The 
other strains of staphylococci used were divided into two groups. In the beta 
hemolysin zone, which exceeded synergic hemolysis of the indicator delta strain, 
the strains with their own production of delta hemolysin manifested a well-de
fined reaction of their own hemolytic synergism, whole strains with a negative 
hemolysin production grew with no effect of hemolytic interaction whatsoever 
(Fig. 4). A summary of the results obtained is, given in Table 1. 

Table 1 

Results of the combJDed test of hemolytic JDteractiOIl8 between staphylococci 

I 

I No.of~ I I I 
! Inhibition of delta Synergism in beta 

Staphylococcus hemolysin hemolysin zone No effect 

hyicua 
I 

0 0 

I 
247 247 

, chromogenes 218 218 0 0 

sciuri 129 110 0 19 
lentus 

I 
11 8 0 3 

aaprophyticus 123 0 33 90 
epidermidis 119 0 106 13 

. Xyl08us 114 0 81 33 
cohnii 93 0 52 41 
haemolyticus 88 0 62 26 
hominis 39 0 31 8 
warned 37 0 35 2 
simulans 22 0 19 3 
gallinarum 18 0 10 8 
caprae 15 0 9 6 
capitis 13 0 8 5 
equorwn 12 0 3 9 
arlettae 11 0 6 5 
klOO8U 9 0 6 3 
carnosus 3 0 0 3 
auricularis 3 0 1 2 

Micrococcus sp. 141 126 0 15 

Discussion 

Identification of staphylococcal hemolysins on blood agars with washed ery
throcytes of ruminants, and sheep in particular, depends on the existence of 
antagonism between hemolysins alpha and beta, synergism between hemolysins 
beta and delta and also on the fact that hemolysins alpha and delta or hemolysins 
of the same type do not influence each other (Adamczyk & Blaurock 1963; 
Mayer 1966; Skalka et al. 1979a, 1979b; Lammler & Blobel 1987). The 
response of the hemolysin produced by coagulase-negative species of staphylo
cocci is identical to that of delta hemolysin of coagulase-positive staphylococci 
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and this problem of identity (Turner & Pickard 1979) or heterogeneity (Wad
strom & Rozgonyi 1986) of the two substances has not been resolved satis
factorily. In view of the identity of direct and synergic hemolytic effects observed 
in both of the substances mentioned~ we use the term delta hemolysin also for
the product of coagulase-negative staphylococci in agreement with other authors 
(Hebert & Hancock 1985; Scheifele & Bjornson 1988). 

On media with sheep erythrocytes~ the previously observed direct hemolytic 
activity of S. hyicus and S. chromo genes on agars with rabbit or human erythro
cytes was found neither direct or synergistic with beta hemolysin (Skalka 1988). 
On those blood agars where a direct hemolytic effect of S. hyicus and S. chromo
genes was observed~ its inhibition by staphylococcal alpha-antihemolysin was 
unsuccessful (unpublished data). Our results excluded any possible similarity 
between hemolytic exosubstances of the above types and staphylococcal hemo
lysins alpha and delta~ as well as any similarity with gamma hemolysin (Good
fellow et al. 1987)~ which is inhibited by agar (J ackson 1962). 

Synergism of staphylococcal alpha and delta hemolysins was described (Chris
tie & Graydon 1941) earlier than the classical CAMP test (Christie et al 
1944) and the importance of its detection has been stressed recently (Boyce 
1985; Hebert & Hancock 1985; Lammler & Blobe111987; Watts & Owens 
1987; He bert et al. 1988). A direct hemolytic effect of delta hemolysin is inhi
bited both non-specifically by lipoproteins of blood serum (Jackson & Little 
1958; Whitelaw & Birkbeck 1978) and by a specific antibody (Turner & 
Pickard 1979). Isolated data on the inhibition of delta-hemolysin activity ot 
coagulase-positive as well as coagulase-negative staphylococci by an non-hemo
lysing exoprotein of certain micrococcal strains on agars with human erythro
cytes (Liu 1954) were never successfully reproduced (Flamm 1957) and this 
may explain why this information fell into oblivion. 

In view of our previous negative results with tests of hemolytic interaction 
between S. hyicus and S. chromo genes and staphylococcal beta and alpha hemoly
sins~ we were particularly anxious to ascertain any possible interactions of these 
two species of staphylococci with delta-hemolysin producing staphylococci. 
First tests were made on media with human erythrocytes~ which are highly 
sensitive to delta hemolysin (Marks & Vaughan 1950; Jeljaszewicz 1972; 
Wiseman 1975) but scarcely sensitive to the hemolytic activity of the two spe
cies studied (Skalka 1988). The antagonistic effect ascertained in the first test 
series resembled the description of delta-hemolysin inhibition by strains ot 
micrococci (Liu 1954). It was~ however~ already demonstrated after 24 hours 
with a simultaneous cultivation of tested and indicator strains~ and did not re
quire the 24-hour pre-cultivation of antagonistic strains described by the author 
cited. The second series of our tests proved the existence of this antagonist also 
on media with sheep erythrocytes. The differences observed between the intensity 
of inhibition in coagulase-negative and coagulase-positive producers of delta 
hemolysin can be explained by the fact that most of the coagulase-positive staphy
lococci also produce certain amounts of alpha hemolysin~ practically undetectable
by routine methods (Arbuthnott et al. 1973; Wiseman 1975; Murphy & 
Hague 1980). 

The methods used in the third series of our tests set off the hemolysis of delta 
strains and thus also the effect of antagonism on the mdia with sheep erythro
cytes~ but it allowed the extension of total hemolysis only on one side of the 
cultivation line of the delta producer. We therefore made use of our previous 
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.experience (Skalka et al. 1979a, 1979) and. the. beta hemolysin .producer was 
replaced with a pre-washed form of this exosubstance. This modification resulted 
in a uniform. extension of the total hemolysis zone along both sides of the culti
vation line of the delta-hemolysin producer. The effective zone of staphylococcal 
beta hemolysin always exceeded the zone of total hemolysis, which also allowed 
detection of any delta hemolysin produced by the staphylococcal strain examined. 
Because it is particularly suitable for a detection· of hemolytic antagonism as 
well as synergism of staphylococcal hemolysins, we called this modification of the 
combined test of hemolytic interactions (CTHI). 

Besides testing S. hyicusand S. chromo genes,. the combined test ·of hemolytic 
interactions was used in the fourth test series also for an examination of 859 
strains of coagulase-negative staphylococci and 141 strains of micrococci. Delta 
hemolysin antagonism; although less intensive than in the case of strains 
S. hyicus and S. chromo genes, was demonstrated in a majority. of strains S. sciuri, 
S. lentus and Micrococcus spp. Similar antagonism was observed in none of the 
other 719 strains representing 16 species of coagulase-negative staphylococci 
but production of delta hemolysin was demonstrated in 462 of them. Our finding 
of antagonistic activity of micrococci is in agreement with existing information 
(Liu 1954), while the antagonism of S. hyicus, S. chromo genes, S. sciuri and S. 
lentus has not been described before. We believe that the demonstration of anta
gonism is a useful complementary test for the diagnosis of the species mentioned 
and particularly for detecting S. hyicus and S. chromo genes. 

Antagonicky efekt Staphylococcus hyicus a Staphylococcus chromogenes 
na stafylokokovy delta hemolyzin 

Staphylococcus hyicus a Staphylococcus chromo genes maji schopnost inhibovat 
hemolytickj efekt stafylokokoveho delta hemolyzinu na agarovjch mediich suple
mentovanych lidskjmi nebo ovCimi erythrocyty. Tato inhibice se uplatiiuje 
i tehdy, kdyz je ucinek delta hemolyzinu na agarech s ovCimi erytrocyty poten
covan stafylokokorym beta hemolyzinem. Podobny, i kdyz slabeji vyjadfeny, 
antagonickj efekt na stafylokokovj delta hemolyzin ma i vetSina kmenu Staphylo
coccus sciuri, Staphylococcus lentus a Micrococcus spp. Ostatni druhy koagulaza 
. negativnich stafylokoku nemaji antagonisticky ucinek na delta hemolyzin. Byla 
pfedlozena technika kombinovaneho testu hemolytickjch interakci (KTHI) pro 
simultanni prtikaz hemolytickeho antagonismu a synergismu, kterou lze dife
rencovat S. hyicus a S. chromo genes od ostatnich novobiocin senzitivnich stafy
lokokovjch druhu. 

AHTarOHMCTM'leCKMH 3~eKT 
Staphylococcus hylcus M Staphylococcus chromogenes 

Ha cTa~MnoKoKKoBblH nenbTa·reMonM3MH 

Staphylococcus hyicus M Staphylococcus chromogenes OTnM4alOTCSI 
cBoco6HOCTbIO K MHrM6MpoBaHMIO reMonMTM4eCKoro 3qlqleKTa cTaqlMnoKoK
KOBoro AenbTa-reMonM3MHa Ha arapoBoH cpeAe, AononHeHHoH 3pMTpO~M
TaMM 4enOBeKa MnM OBLtbl. AaHHoe TOpMO)l(eHMe MMeeT MeCTO Aa)l(e TorAa, 
KorAa B03AeHcTBMe AenbTa-reMonM3MHa Ha arapax C OBe4bMMM .3pMTP0LtM
TaMM nOTeHLtMpOBaHO cTaqlMnoKoKKoBblM 6eTa-reMonM3MHOM. AHanorM4-
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HbIM. XOTJI H He CTonb Bblpa3HTenbHbiM aHTarOHHCTHlIeCKHM 3(j)(j)eKTOM 
H8 CTa(j)HnOKOKKOBbIHAenbTa-reMonH3HH OTnH48eTCSI TaK)I(e 60nbWHHCTBO 
WT8MMOB Staphylococcus sciuri, Staphylococcus lentus H HeKoTopble 
Micrococcus spp. OCTanbHble BHAbl Koaryna3a-oTpH~aTenbHblx cTa(j)Hno
KOKKOB He OTnH4alOTCSI aHT8rOHHCTH4eCKHM B03AeHCTBHeM K AenbTa-reMO
nH3HHy. 6blna npeACTaBneHa TeXHHKa KOM6HHHpoa8HHoro TeCTa reMonH· 
TH4eCKHX B38HMOAeHCTBHH (CTHI) AnSI CHHxpoHHoro onpeAeneHHSI reMO
nHTHlIeCKoro aHTarOHH3Ma H CHt-IeprH3M8 C nOMOUlblO KOTOPOH MO)l(HO AH(j)
<l>epeH~HpOBaTb S. hyicus H S. chromogenes OT OCTanbHblX I.IYBCTBH· 
TenbHblX K HOB06HO~HHY cTaq>HnoKoKKoBbiX BHAOB. 
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