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Abstract

S kalka B.: Hemolytic activity of Staphylococcus hyicus
and Staphylococcus chromogenes. Acta vet. Brno, 57, 1988: 3-11.

Hemolytic activity of 135 S. hyicus and 75 S. chromogenes
strains was examined on sheep, rabbit, human, horse and chicken
blood agars. The agar bases were supplemented with 5 % washed -
erythrocytes of the corresponding animal species. The strains
of both staphylococcal species under study produced a wide zone
of complete hemolysis on rabbit blood agar and a narrow one on
media containing horse erythrocytes. ghe hemolytic effects always
appeared after 48 h incubation at 37 C. Neither species produced
hemolysis on agar containing sheep or chicken erythrocytes, and
no synergistic hemolytic effect was observed on sheep blood agar.
A direct hemolysis was exhibited by 92 (68 %) S. hyicus strains
on human blood agars. The remaining S. hyicus strains and S.
chromogenes did not produce hemolysis of human erythrocytes.
Hemolytic effects of the staphylococci used as controls were
expressed just after 24 h incubation on all kinds of blood agar.
We recommend inclusion of the hemolysis of rabbit erythrocytes
among the characteristic properties of S. hyicus and S.

chromogenes.

Staphylococcus hyicus, Staphylococcus chromogenes, hemolytic
activity, . blood agar, sheep, rabbit, human, horse and chicken

erythrocytes.

Staphylococcus hyicus (B a i r d - Parker 1965), originally named
Micrococcus hyicus (S o m p o 1 i n"s k y 1953), was subdivided in two
subspecies, namely subsp. hyicus and subsp. chromogenes (D e v r i es e
et.al. 1978; K 1 o os and Schleifer 1986), but these were later
elevated to species status: S. hyicus and S. chromogenes (H4 j e k et al.
1986). Lack of hemolysis of sheep red blood cells is one of the most important
properties of both S. hyicus and S. chromogenes (D e v ri es e 1977; D
evrieseetal. 1978 HA j ek etal. 1986 Kloos and Sch
leifer 198; S k alka 1987). It is well established that intact
sheep erythrocytes are relatively insensitive to hemolysins elaborated by
staphylococci of both coagulase-positive and coagulase-negative species (M
arks ad Vaughan 1950;Bernheimer et al. 1968; Wi .
s em an 1975). Nevertheless, their subceptibility increases remarkably
if the cell membrane sphingomyelin is disintegrated by the beta-toxin of
S. aureus (C hr i s t ie and Graydon 19%l; Adamc zyk and



B1laurock 1963; Skalka etal. 1979a; 1979b; Boy c e 1985),
or by the toxin of Corynebacterium pseudotuberculosis (S o u ¢ e k et al.
1967; S k a 1 k a et al. 1979b; 1980). Such a phospholipase-conditioned
hemolysis, called synergistic hemolysis, is characteristic of staphylococcal
delta-lysin (C h r i s t i e and Graydon 1941; Adamczyk
and B 1l aurock 1963). Hébert and Hancock (1985) and
Watts and O w e ns (1987) observed some synergistic hemolytic
phenomenon produced by a limited number of S. hyicus and S. chromogenes
strains. On the other hand, the red blood cells of other animal species
show greater susceptibility to some bacterial hemolytic substances, so that
human (W i s eman ad Caird 1968; Wiseman 1975; K1o
os and Sc hle i fer 1986), rabbit (Cooper et al. 1964; B
ernheimer 1965 W i s eman 1975; Fackrell and Wi
s eman 1976), horsq (Guyonnet and Plommet 1970), and
poultry erythrocytes (M 0 1 1 by and W ads tr om 1971) are
recommended for detection ofthe hemolysins produced by staphylococci.

The present paper is devoted to study the behaviour of S. hyicus and S.
chromogenes in media supplemented with red blood cells of different animal
species  and to examine the possible synergistic hemolysis of S. hyicus and
S. chromogenes against sheep erythrocytes.

Materials and Methods

Agar medium
Brain heart infusion agar CM 375 (Oxoid Ltd) was used.

Erythrocytes

Sheep, rabbit, human, horse and pultry (Gallus domesticus) erythrocytes
were used. For detection of hemolysis, the agar base described above was
supplemented with 5 % (v/v) erythrocytes, washed three times, of the
corresponding animal species.

Bacteria
The identification procedure described by K 1 o o s and Schle
i f e r (1986) was used for all staphylococcal strains.

Strain for the synergistic (phospholipase-conditioned) hemolysis
Staphylococcus aureus CCM 6188 producing beta toxin (phospholipase C)
was employed for disintegration of sphingomyelin of sheep erythrocytes.

Investigated organisms

The assays were carried out with 135 Staphylococcus hyicus strains,
including CCM 2368, 75 Staphylococcus chromogenes strains, including CCM
3387, and 5 strains which were not allocated to any staphylococcal species.
The properties of the strains of both species corresponded with those
described by K 1 oo s and Sc h le i f er (198) and H&4 jek
et al. (1986), except that 46 - strains of S. hyicus were
non-proteolytic and only 38 S. chromogenes strains produced pigment.
The non-allocated strains shared characteristics of S. hyicus, namely the
strong Tween 80 splitting and the proteolytic act1v1ty, but they did not
elaborate hyaluronidase.

Control organisms

The following staphylococcal species were used for control purposes: 10
strains of S. aureus, including CCM 2351 producing alpha-toxin, and CCM
2512 producing delta-hemolysin; 10 strains of S. epidermidis, including
CCM 2124; 8 srains of S. emolyticus, including CCM 2737; 3 strains of
S. caprae; 5 strains of S. homm1s, including CCM 3474; 6 strains of s.
simulans, including CCM 2705 3 strains of S. warneri, including CCM 2730.



at 37°C, and the result was. read after 24 h, 48 h, and 72 h. The direct
hemolysis and the hemolytic effect on phospholipase-treated erythrocytes
were evaluated on sheep blood agar as described previously (Skalka et
al. 1979a; 1979b). The other blood agars served merely for demonstration
of the direct hemolysis.

Results

Three S. aureus strains, including CCM 2351, proved to
be strongly hemolytic on sheep blood agar, as appeared in
the direct effect, but the wide hemolysis surrounding the
streaks was reduced in the zone of the beta-hemolysin. Such
antagonism of hemolysis is characteristic of those S. aureus
strains which produce alpha-toxin and only a negligible amount
of delta-hemolysin. Seven S. aureus strains, including CCM
2512, produced narrower, " sometimes indistinct, hemolytic
zones as a direct effect, and these zones were always
considerably enhanced when erythrocytes were affected by
the beta-hemolysin. This synergistic hemolysis is characteristic
of staphylococcal delta-hemolysin. The hemolytic activity of
7 S. epidermidis strains, 8 S. haemolyticus 2 S. caprae,
2 S. hominis, 2 S. simulans, and 1 S. warneri strain was
the same as of S. aureus delta-hemolysin producing strains.
These hemolytic™ effects were apparent just after 24 h
incubation (Fig. 1). The remaining strains of
coagulase-negative staphylococcal species grew without any
direct or synergistic hemolysis (non-hemolytic group - NHG)
on sheep ©blood agar. The strains of S. hyicus, S.
chromogenes, and of the non-allocated staphylococci did
not show direct or synergistic hemolysis on sheep blood
agar after 24 h, 48 h, and 72 h incubation (Fig. 1).
However, after 48 to 72 hours’ incubation, a narrow zone
of incomplete clearing appeared around inoculation streaks
of some strains under study in the zone of activity of the
staphylococcal beta-hemolysin. The occurrence of this
phenomenon was occasional and its reproducibility was very
low.

A wide zone of complete hemolysis appeared around the
streaks of three alpha-toxin positive S. aureus strains on
rabbit blood agar after 24 h incubation, and the diameter
of the hemolytic effect increased considerably with further
incubation (Fig. 2; Fig. 3). The remaining control strains
of S. aureus and those of coagulase-negative species, which
were hemolytic on sheep blood agar, also hemolyzed rabbit
blood agar, producing narrower zones of hemolysis than the
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alpha-toxin strains, with only a slight increase in diameter
on prolonged incubation (Fig. 2; Fig. 3). The NHG strains
did not produce hemolysis on rabbit blood agar. An unusual
phenomenon was observed when the strains of S. hyicus,
S. chromogenes, and of the group of non-allocated
staphylococci grew on rabbit blood agar. No hemolysis
appeared around the streaks of the strains under study after
24 h incubation (Fig. 2; Fig. 4). However, a broad zone
of complete hemolysis was produced by all strains within a
further 24 h (Fig. 3; Fig. 5). This singular delayed
hemolysis, appearing after 48 h incubation, was reproducibly
shown by all strains under study.

A complete hemolysis of human erythrocytes developed
around the growth of S. aureus strains and of
coagulase-negative staphylococci, which were hemolytic on
sheep and rabbit blood agars. The effect was shown after
24 h incubation. The zone of clearing produced by three
alpha-toxin strains was less intense than that caused by the
producers of delta-hemolysin and the coagulase-negative
strains with hemolytic properties (Fig. 6). The NHG strains
did not hemolyze on human blood agar. The hemolytic reaction
was seen with 92 (68 %) strains of S. hyicus after 48 h
incubation. The hemolysis was not as wide as the zones
produced by other hemolytic staphylococci (Fig. 6). The
remaining strains of S. hyicus, and all strains of S.
chromogenes, did not show hemolysis on human blood agar.

On agar containing horse erythrocytes, a wide zone of
complete hemolysis with sharp edges surrounded as the streaks
of delta-hemolysin S. aureus strains, as the growth of the
hemolytic coagulase-negative staphylococci. A smaller zone
with blurred edges surrounded the streaks of three
alpha-toxin strains. Both effects were developed after 24
h incubation. S. hyicus, S. chromogenes, and the
non-allocated strains produced a very narrow complete
hemolysis on this medium after 48 h incubation (Fig. 7).
The NHG strains grew without hemolysis on horse blood agar.

All hemolytic strains of staphylococci used as contradls
produced wide zone of complete hemolysis on agar containing
chicken erythrocytes. S. hyicus, S. chromogenes, the
non-allocated strains, and the NHG staphylococci grew -without
hemolysis on this blood agar (Fig. 8).




Discussion

The detection of hemolytic activity, especially on sheep
blood agar, is a significant component of detailed diagnosis
of many bacterial species, or of some strains within a species.
The production of hemolysin(s) provides an important marker
in the identification of staphylococci. In view of this fact,
it is therefore important to specify which of the known
hemolysins is produced (Mar ks and Vaughan 1950;
A damczyk and B laurock 1963; Bernh -
e imeretal 1968; W is e mamn 1975; S kalka
et al. 1979a; 1979b; 1980; Boyce 198; Hébert
and H ancock 198; K 1o o0os and Schleif-
er 1986; Watts and Owens 1987). Nevertheless,
hemolytic inactivity constitutes a feature of diagnostic value,
for example for S. hyicus and S. chromogenes (Devri-
ese etal 1978; H ajek etal. 1986; Kloos and
Schleifer 1986) Some strains of S. aureus, however,
especially those of the ecovar B, do not produce hemolysin
either, and lack of hemolysis of some S. intermedius strains
has also been described (S k a 1 k a et al. 1979a; 1980).
In addition, hemolytic strains in many coagulase-negative
species are known (C hristie and Graydon 1941;
Hébert and Hancock 1985; Kloos  and
Schleifer 1986; Watts and Owens 1987).
Hemolysis of those strains on sheep blood agar is usually
weak, but becomes stronger if red blood cells of other animal
species (M a r ks and V a u g hamn 1950) or the
synergistic (phospholipase-conditioned) hemolysis (A d a m -
czyk and Blaurock 1963) are employed.

The hemolytic effects of coagulase-positive and coagulase-
-negative staphylococci used for control in the present study
agreed with the descriptions of other authors (M a r k s
and V aughan 1950; Jackson 1962; Adam-
czyk and B laurock 1963; Cooper etal
1964; B er n heimer 1965; W iseman 1975;

Wiseman and C aird 1976; B oy ce 1985;
Hébert and Hancock 198; Watts and
O wens 1987) and with our previous experience as well

(Skalka etal. 1979a; 1979b; 1980).

The inability of S. hyicus and S. chromogenes to produce
the direct hemolysis of the intact sheep red blood cells
(S o mp,olln,sky 1953; Baird-Parker 1965;
Devriese 1977; Devriese etal 1978; H 4 -
jek etal 1986; Kloos and Schleifer 1986)



Fig. 1. Agar with sheep erythrocytes (S). Vertical streak of S. aureus
producing beta-hémolysin (B). Horizontal streaks: S. aureus producing
alpha-toxin (A); S. hyicus (H); S. aureus producing delta-hemolysin (D);
S. chromogenes (C). Effects after 48 h incubation.

Fig. 2. Agar with rabbit erythrocytes (R). Streaks of growth: S. aureus
producing alpha-toxin (A); S. hyicus (H); S. aureus producing delta-hemolysin
(D). Hemolysis after 24 h incubation.



Fig. 3. Agar with rabbit erythrocytes (R). Streaks of growth: S. aureus
producing alpha-toxin (A); S. hyicus (H); S. aureus producing delta-hemolysin
(D). Hemolysis after 48 h incubation.

Fig. 4. Agar with rabbit erythrocytes (R). Streaks of growth: two different
stra;ns of S. hyicus (H 1; H 2); S. chromogenes (C). Growth after 24 h
incubation.



Fig. 5. Agar with rabbit erythrocytes (R). Streaks of growth: two different
strains of S. hyicus (H 1; H 2); S. chromogenes (C). Hemolysis after 48 h
incubation.

Fig. 6. Agar with human erythrocytes (M). Streaks of gr

6 ) . wth: S. aureus
producing alpha-toxin (A); S. hyicus (H): S. ing - i
(D). Hemolysis after 48 h incubazion. s Fureus producing delta-hemolysin



Fig. 7. Agar with horse erythrocytes (E). Streaks of growth: S. aureus
producing alpha-toxin (A); S. hyicus (H); S. aureus producing delta-hemolysin
(D). Hemolysis after 48 h incubation.

Fig. 8. Agar with poultry erythrocytes (P). Streaks of growth: S. aureus
producing alpha-toxin (A); S. hyicus (H); S. aureus producing delta-hemolysin
(D). Hemolytic effects after 48 h incubation.
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was confirmed by us in the present paper. In addition, we
did not observe a- marked hemolytic effect when strains of
both species were assayed on sheep erythrocytes treated
by staphylococcal beta-toxin. A positive synergistic hemolysis
of S. hyicus and S. chromogenes was described (Hé ber t
and Hancock 1985; Watts and Owens 1987),
and the authors took for granted the production of
delta-hemolysin (Hé bert and Hancock 1985)

or of cytolysin, which acts synergistically with S. aureus
beta-toxin (Watts and O wens 1987), by some strains
of both species. A narrow zone of incomplete clearing around
streaks of some strains under study, observed by us in
synergistic hemolytic assays, resembles the description of
D e voriese (1977), who described as hemodigestion
the direct effect of some S. hyicus strains on sheep blood
agar, explaining it as a consequence of strong proteolytic
activity. A close relation of proteolytic activity and the
clearing phenomenon observed by us could not be shown,
because even some non-proteolytic S. hyicus strains showed
this phenomenon. On the contrary, a great number of
proteolytic strains did not produce it.

The use of rabbit erythrocytes in the detection of hemolytlc
properties of S. hyicus and S. chromogenes has not been
previously described. These red blood cells were hemolyzed
by all strains of the both species, and the hemolysis appeared
generally after 48 h of incubation. Such delayed hemolysis
distinguishes S. hyicus and S. chromogenes from the alpha-
and delta-hemolysin producmg S. aureus strains and from
the coagulase-negative staphylococm with hemolytic properties.
Strains of these groups always produce hemolysis on rabblt
blood agar just after 24 h incubation.

The effects whown by the control organisms on media
containing sheep, rabbit, human, horse, and poultry
erythrocytes corresponded with the characteristic activity
of staphylococcal hemolysins alpha and delta (C o o p e r
et al. 1962; Jackson 1962; Bernheimer 1965;
Bernheimer etal. 1968; Wiseman and
C aird 198; Wis e man 1975). The hemolysis
of S. hyicus and S. chromogenes resembled the activity of
staphylococcal gamma-hemolysin (J a ¢ k s o n 1962;
Guyonnet and Plommet1970; Mollby and
Wadstrom 1971; Fackrel and Wiseman
1976). The production of gamma-hemolysin by S. hyicus
and S. chromogenes was described (G o o d f e "11low et
al. 1987). But gamma-hemolysin produces a complete hemolysis
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of sheep erythrocytes and its activity is apparently inhibite.d
by agar (J a ¢ k s o n 1962). The nature qf hexpolytlc
activity of S. hyicus and S. chromogenes, described in ’fhe
present study, thus remains to be explained, although relg.tlon
to the staphylococcal gamma-hemolysin is perhaps possible.

The strains previously non-allocated to S. hyicus because
of their failure to produce hyaluronidase displayed hemoly.tic
patterns like those of S. hyicus. We suggest that these strains
are S. hyicus and presume that a limited number of
hyaluronidase-negative strains exists in this species.

The hemolytic activity of S. hyicus and S. chromogenes
on rabbit blood agar is a useful contribution to identlflcaqon
of both staphylococal species, and we recommend inclusion
of the hemolysis of rabbit erythrocytes among the
characteristic properties of S. hyicus and S. chromogenes.
We propose that the hemolyses described in this paper are
important markers of S. hyicus and S. chromogenes.

Hemolytickd aktivita Staphylococcus hyicus a Staphylococcus
chromogenes

Hemolytickd aktivita 135 kmend S. hyicus a 75 kmenid S.
.chromogenes se sledovala na krevnich agarech s ovéimi,
kraliéimi, lidskymi, konskymi a avidrnimi (kur doméci)
erytrocyty. Agarové medium obsahovalo vidy 5 % propranych
erytrocyti  prisluSného  druhu. VSechny kmeny obou
sledovanych stafylokokovych druhi hemolyzovaly intenzivné
"krdliéi erytrocyty a jen velmi slabé konské. Hemolyzy byly
zietelné vidy aZ po 48 h inkubaci pri 37°C. Na krevnich
agarech s ovéimi a avidrnimi erytrocyty vyristaly kmeny
obou sledovanych stafylokokovych druhti bez ndznaku
hemolyzy, kterd se na mediich s ovéimi krvinkami nepozorovala
ani v testu synergismu se stafylokovym beta hemolyzinem.
Na krevnich agarech s lidskymi erytrocyty hemolyzovalo
92 (68 %) kmend S. hyicus, ostatni kmeny tohoto druhu byly
nehemolytické, stejné jako vSechny kmeny S. chromogenes.
Kontrolné pouZité kmeny S. aureus, produkujici hemolyziny
alfa, nebo delta, hemolyzovaly na vSech krevnich agarech
jiZ po 24 h inkubaci, stejné jako hemolytické kmeny koaguldza
negativnich stafylokoki. Vyslovuje se doporuéeni zahrnout
prolongovanou hemolytickou aktivitu na krevnich agarech
s kraliéimi erytrocyty do komplexu -charakteristickych
vlastnosti S. hyicus a S. chromogenes. g
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FeMonuTHYeCKas aKTHUBHOCTDb Staphylococcus hyicus
u Staphylococcus chromogenes

I'eMONMUTHYECKYI0 aKTHBHOCTD 135 mramMoB S. hyicus H
75 mTaMMOB S. chromogenes HCCJIenOBaJIH Ha arapax
KPOBHM OBell, KpOJIMKOB, ueJIOBeKa, JiomajgeH H TIITHII.
Arap coOepxay Bcerma 5% IPOMBITEIX 3PHUTPOLUTOB
COOTBETCTBYWMErO BHIA. Bce mTaMMel  O60OHX
uccnenyeMelx  CcTadMIIOKOKKOBBIX BHIOOB  HHTEHCHBHO
reMOJIN3HpPOBAJIM arapbl KpOJIMKOB, BecbMa clna6éo -
arapel Jnomamen. I'eMOJIM3 OTYET/IMBO BHIOENAJICA BCcerma
yepes 2 CYTOK IIOCJle HHKy6auun. Ha oBeubuX U
INTHUYDUX arapax KpPOBH BblpacTaJIi WITAMME O6OHX BHIOOB
6e3 MNPHU3HAKOB reMojiM3a, He HabJogaeMoro B cJiyyae
arapa oBell maxe B TecTe CHHeprusma co

CTaPUIIOKOKKOBEIM 6eTa-TOKCHHOM. Ha arapax c
yeJIoBEUEeCKHMH  3PUTPOLUTaMHU 6BUT YCTaHOBJIEH
remMosu3 68% wmMMoB S. hyicus, ocTanbHbe T aMMEI

OaHHOTO BHIOA  OTJIMYAJIHCD AaAreMOJIMTUYHOCTDI0 Kak
K BCe OCTaibHble WTaMMel S. chromogenes . BopabtaTeBanime
reMOJIM3HHB anbda HUIH QJejlbTa  KOHTPOJIbHbIE IITaMMb
S. aureus reMoJIM3MpOBAJIX Ha BCEX arapax yxe uepes
1 cyTku nocJyle HHKy6alMH XaK M WmTaMMbl KoaryJaso
HEeraTHUBHBIX CTaAaPUIIOKOKKOB. PeKOMEHIYETCS BKJIOYUTD
NPpOOJIEHHYI® TEeMOJIMTHYECKYI0 AaKTHBHOCTb Ha arapax
KPOBH KPOJIMKOB B KOMIIJIEKC XapaKTEpPHEIX CBOHCTB S.
hyicus u S. chromogenes.
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