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Abstract
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The value of the following 12 characteristics of Staphylococcus hyicus and Staphy-
lococcus chromogenes for their routine identification was assessed: inhibition of
staphylococcal delta haemolysin, hyaluronidase production, Tween 80 hydrolysis,
proteéolytic, phosphatase and urease activity, pigment production and aerobic acid
production from sucrose, trehalose, mannose, maltose and mannitol. Of a total
of 937 novobiocin-sensitive staphylococci use in the study 544 were S. hyicus strains,
322 were S. chromogenes strains and 71 showed characteristics classifying them as
intermediaries between the two species. The characteristic shared by all of them was
their ability to inhibit staphylococcal delta haemolysin. All S. hyicus strains pro-
duced hyaluronidase and hydrolysed Tween 80. On the basis of their differing
proteolytic activity and carbohydrate utilization they were divided into three groups
unequal in number. All S. chromogenes strains were intensely proteolytic, did not
produce hyaluronidase and did not hydrolyse Tween 80. On the basis of their
differing pigment production and acid production from carbohydrates they were
divided into three groups unequal in number. The 71 strains originally not classi-
fied within either of the two species hydrolysed Tween 80. In view of this cha-
racteristic they were classified by us within the species S. hyicus although they did
not produce hyaluronidase.

Staphylococcus hyicus, Staphylococcus chromogenes, inhibition of delta haemolysin,
hyaluronidase, hydrolysis of Tween 80, proteolysis, phosphatase, urease, pigment,
sucrose, trehalose, mannose, maltose, mannitol

Since 1986 (Kloss and Schleifer 1986; Hajek et al. 1986) Staphylococcus hyicus and Staphy-
lococcus chromogenes have enlarged the number of coagulase-positive and coagulase-negative
staphylococcal species which can be very often encountered upon routine examination of ma-
terials particularly of animal provenience (Skalka 1990b). The identification of the two species
is complicated by the possibility of their being taken for other staphylococci as has been pointed
out by a number of writers cited in our previous study (Skalka 1988a) and by further investi-
gators (Gahrn-Hansen et al. 1987; Geary et al. 1989). Our previous studies on S. Ayicus and
S. chromogenes strains were concerned not only with the generally accepted characteristics of the
two species (Skalka 1988a; 1990b) but also with the detection and description of some additional
activities shared by these two species, namely their haemolytic activity (Skalka 1988b) and
their ability to inhibit the haemolytic effect of staphylococcal delta haemolysin (Skalka 1990a;
1991). The present study on S. hyicus and S. chromogenes is focused on their major characteristics
detectable in the laboratory with respect to their diagnostic value.

Materials and Methods

Nutrient Media
The bases used for liquid nutrient media were Sugar Fermentation Series Base No. 2 (IMUNA,
Czechoslovakia) and Nutrient Broth (OXOID) and those used for solid media were Blood Agar
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Base No. 4 (IMUNA, Czechoslovakia) and Blood Agar Base (OXOID). For determination of
the charicteristics under study the afore-mentioned based were supplemented with respective
ingredients.

Bacterial Strains

A total of 937 novobiocin-sensitive staphylococci were examined. Of these, 544 (58 %) were
S. hyicus strains including culture collection strains CCM 2368, CNCTC M 51/88, CNCTC M
52/88 and CNCTC M 69/89, and 322 (34.4. %) were S. chromogenes strains including culture
collection strains CCM 3387, CNCTC M 45/88, CNCTC M 46/88 and CNCTC M 47/88. The
remaining 71 (7.6 %,) strains with characteristics classifying them as intermediaries between the
two species were tentatively referred to as Group ‘X”. All the 937 strains were isolated during
a 5-year period from pigs, cattle and domestic fowls kept on 35 different farms.

Characteristics Examined

Each strain was examined for the following 12 characteristics: ability to inhibit staphylococcal
delta haemolysin, hyaluronidase activity, lipolytic activity (hydrolysis of Tween 80), proteolytic
activity, phosphatase activity, urease activity, pigment production and ability to produce acid
from sucrose, trehalose, mannose, maltose and mannitol under aerobic conditions. The techni-
ques of the tests were described in detail previously (Skalka 1977; 1988a; 1990a; 1990b; 1991).

Results

All S. hyicus strains inhibited staphylococcal delta haemolysin, produced hyal-
uronidase, hydrolysed Tween 80 and did not produce pigment. On the basis
of their further characteristics they were divided into three groups designated
as A, B and C.

Group A included 281 (51.6 9,) strains that were proteolytic, produced acid
from sucrose and trehalose but not from mannitol. Phosphatase was produced
by 98.9 %, urease by 77.9 9%, and acid from mannose and maltose by 66.2 %, and
25.6 %, of Group A strains, respectively. Group B included 187 (34.4 9,) strains.
None of them was proteolytic, which was a marked difference from the strains
of the preceding group. Similarly to Group A strains, Group B strains all pro-
duced acid from sucrose and trehalose. Phosphatase and urease were produced
by 93.6 % and 93 %, of the strains, respectively. Acid from mannose, maltose and
mannitol was produced by 69.5 %,, 34.8 %, and 5.9 9, of Group B strains, respec-
tively. The least numerous Group C included 76 (14 9,) strains that differed from
the preceding two groups by their inactivity in carbohydrates, particularly in
sucrose and trehalose. Phosphatase was produced by 96 9,, proteolytic activity
was shown by 55.3 %, whereas urease was produced by as few as 6.6 9, of Group C
strains.

The properties shared by all S. chromogenes strains were inhibition of staphy-
lococcal delta haemolysin, markedly intense proteolysis, lack of hyaluronidase
activity and inability to hydrolyse Tween 80. On the basis of their further charac-
;eristic(l:s .Si chromogenes strains were divided into three groups designated as I,

I and III.

Group I included 66 (20.5 9,) strains that were markedly chromogenic and
produced acid from sucrose. Phosphatase activity was shown by 94 9, hydrolysis
of urea by 88 9, and production of acid from trehalose also by 88 9, of the strains.
Acid from mannose, maltose and mannitol was produced by 68 9,, 38 %, and
18 %, of Group I strains, respectively. Group II including 219 (68 9,) strains
differed from Group I by lack of pigmentation and by production of acid from
both sucrose and trehalose. Phosphatase activity was shown by 91 9, and urease
activity by 89.5 9%, of the strains. Acid from mannose, maltose and mannitol was
produced by 86.8 %,,24.7 %, and 99, of Group II strains, respectively. Group II1
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Table 1
Char istics of staphyl 1'strains examined in the present study

No. of positively reacting strains

. No.of
Species Group gtrains IDH HYA LIP PRO PIG PHO URE SUC “TRE MAN MAL MIT
A 281 281 281 281 281 0 278 219 281 281 186 72 0
S. hyicus B 187 187 187 187 0 0 175 174 187 187 130 65 11
C 76 76 76 76 42 o 73 5 0 0 0 0 0
1 66 66 0 0O 6 66 62 58 66 58 45 25 12
S.chromogenes| I 219 219 0 0 219 0 200 196 219 219 190 54 20
I 37 37 ) 0 37 16 14 10 0 0 0 0 0
Unclassified
“X?* strains 71 71 0 71 69 0 71 71 71 60 45 14 0

Explanatory notes: IDH, inhibition of staphylococcal delta haemolysin; HYA, hyaluronidase; LIP, hydrolysis of
Tween 80; PRO, proteolysis; PIG, pigment; PHO, phosphatase; URE, urease; SUC, sucrose;
TRE, trehalose; MAN, mannose; MAL, maltcse; MIT, mannitol.

including 37 (11.5 %) strains differed from the foregoing S. chromogenes groups
by inactivity in carbohydrates. Pigment was produced by 43 9,, phosphatase by
38 9, and urease by 27 %, of Group III strains, respectively.

Group “X” strains all inhibited staphylococcal delta haemolysin similarly to
S. hyicus and S. chromogenes strains. All of them also hydrolysed T'ween 80 similar-
ly to S. hyicus but, like S. chromogenes, did not produce hyaluronidase. Most of
them (97 %,) were proteolytic but the intensity of their protolytic activity was
comparable to that shown by S. Ayicus proteolytic strains, never reaching the in-
tensity shown by S. chromogenes strains. All Group “X> strains were achromoge-
nic, but they showed phosphatase and urease activity and produced acid from
sucrose. Acid from trehalose, mannose and maltose was produced by 84.5 9,,
63.4 %, and 19.7 9%, of Group “X” strains, respectively. No strain of this group
produced acid from mannitol.

The results are summarized in Table 1.

Discussion

Only few writers have been concerned with systematic investigation of the cha-
racteristics of S. hyicus and S. chromogenes and their respective diagnostic value.
But even before Kloos and Schleifer (1986) published their nowadays generally
accepted identification scheme, attention had been drawn to the possibility that
S. hyicus and its then known subspecies might be confused with S. aureus, S. in-
termedius, S. epidermidis, S. simulans, S. capitis and S. hominis as was discussed by us
previously. More recently, this possibility has been considered repeatedly (Gahrn-
-Hansen et al. 1987; Geary et al. 1989). When identification of staphylococci is
based merely on their fermentation activity, it is also not possible to exclude the
confusion between S. hyicus and S. chromogenes. Table 2 shows comparison of
our results with those reported by writers dealing with similar problems.

The results reported in the present study support our previous observations
on the capability of S. Ayicus and S. chromogenes to inhibit staphylococcal delta
haemolysin. This capacity was also shown by all strains classified by us within
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Table 2
Results and data reported by other writers
Author | No. of Percentage of positively reacting strains
Species | Year of st:‘;ins
publications IDH HYA LIP PRO PIG PHO URE SUC TRE MAN MAL MIT
D.

(1985) 49 n 98 100 100 0 100 96 100 86 100 V] 0
2 (1986) n n 100 100 100 0 100 80 100 100 100 0 10

o
_g' (1986) n n n . n n 0 100 94 100 92 100 10 10
4 (1987) 10 n n 100 n 0 100 100 100 100 100 0 0
Our study 544 100 100 100 59 0 97 73 86 86 58 26 2

D.

2 (19835) 54 n 0 0 98 60 100 91 98 96 96 50 43
g (1936) n n V] 0 100 90 100 90 100 100 100 50 58

o
g (1986) n n n n n 95 100 90 100 90 100 50 50
o (1987) 9 'n n 89 100 100 100 100 100 100 22 44
7] Our study 322 100 o 0 100 25 87 82 89 86 73 24 10
(:’gz:‘,!’ Ourstudy | 71 100 0 100 97 0 100 100 100 8 63 20 0

|

Explanatory notes: D., Devriese et al. (1985); K. S., Kloos and Schleifer (1986); Z. P., ZdraZilek and Petr4$ (1986);
G., Goodfellow et al. (1987); n, not specified; IDH, inhibition of staphylococcal delta haemolysin;
HYA, hyaluronidase; LIP, hydrolysis of Tween 80; PRO, proteolysis; PIG, pigment; PHO, phos-
phatage;lURE, urease; SUC, sucrose; TRE, trehalose; MAN, mannose; MAL, maltose; MIT,
mannitol.

Group “X”. A similar, though less intense, effect can be observed in most strains
of S. sciuri and S. lentus (Skalka 1990a, 1991) as well as in some micrococci
(Isiu 1954; Skalka 1991). However, S. sciuri and S. lentus are resistant to novo-
biocin (Kloos and Schleifer 1986) and this characteristic itself differentiates
them from the species considered in our study. Micrococci, on the other hand,
have no phosphatase activity (Kocur 1986), which differentiates them, among
other characteristics, from Group “X” strains. No data for comparison with our
results of the staphylococcal delta haemolysin inhi sition test are available; this cha-
racteristic was observed and described by us quite recently (Skalka 1990a, 1991).

Hyaluronidase is produced as a rule only by two species of the genus Staphylo-
coccus, namely S. aureus and S. hyicus. Only quite exceptionally and then only in
small quantities it can be also produced by some S. epidermidis strains (Kloos and
Schleifer 1986) but these strains do not inhibit staphylococcal delta haemolysin;
on the contrary, they generally produce it similarly to an overwhelming majority
of S. aureus strains (Skalka 1990a, 1990b, 1991).

Our finding that Tween 80 was hydrolysed by all S. Ayicus strains but by no
S. chromogenes strains is in keeping with the data reported by most writers. This
activity was also shown by Group “X” strains. No explanation can be offered of
the solitary finding of Tween 80 hydrolysis by S. chromogenes as reported by
Goodfellow et al. (1987); as a matter of fact, this finding remained unexplained
by the afore-mentioned writers themselves. Although Tween 80 hydrolysis may also
be shown by some strains of S. aureus an S. intermedius, their activity in this res-
pect is invariably less intense than that of S. Ayicus and Group “X’ strains. The
delta haemolysin inhibition test, however, provides a reliable differentiation of
the afore-mentioned groups of staphylococci.
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Proteolytic activity differentiating Group B strains from Group A and Group C
strains of S. hyicus was markedly positive in all S. chromogenes strains. This cha-
racteristic is also shown by some S. aureus, S. intermedius and S. epidermidis
strains (Kloos and Schleifer 1986; Skalka 1977, 1990b) that can be differentia-
ted from S. hyicus and S. chromogenes by the delta haemolysin inhibition test.
Also most S. sciuri strains are proteolytic but this species is novobiocin-resistant.

Our observations on the incapability of S. Ayicus strains to produce pigment
agree with those reported by other writers. In contrast to them, however, the
proportion of pigmented S. chromogenes strains was lower than generally reported
ang the differing pigment production differentiated these strains into Groups I
and II.

The results of the remaining tests used in our study did not differ substantially
from those reported by other writers, particularly from the data recorded in the
generally accepted classification of staphylococci (Kloos and Schleifer 1986).

Of interest, on the other hand, are our results obtained for S. Ayicus Group C
and S. chromogenes Group III strains which proved inactive in carbohydrates,
particularly sucrose and trehalose. The proportions of these strains within S. Ayi-
cus and S. chromogenes were 14 %, and 11.5 9, respectively. This inactivity may
give rise to diagnostic mistakes where S. hyicus and S. chromogenes strains are
identified merely on the basis of their fermentation activity.

From our results it can be concluded that the most important characteristics
for routine identification of S.. hyicus are sensitivity to novobiocin, inhibition of
staphylococcal delta haemolysin, production of hyaluronidase and hydrolysis
of Tween 80, together with the absence of pigment production. Routine identi-
fication of S. chromogenes is possible on the basis of sensitivity to novobiocin, in-
hibition of staphylococcal delta haemolysin, intense proteolytic activity, absence
of hyaluronidase production and inability to hydrolyse Tween 80.

Group “X” strains were classified by us within the species S. Ayicus in view of
their hydrolysis of Tween 80 in spite of their negative hyaluronidase production.

Diagnosticky vyznam vlastnosti Staphylococcus hyicus a Staphylococcus
chromogenes

Sledoval se vyznam dvandcti vlastnosti pro urCeni Staphylococcus hyicus a Sta-
phylococcus chromogenes, a to schopnost inhibovat stafylokokovy hemolyzin delta,
tvorba hyaluronidazy, hydrolyza Tween 80, aktivita proteolyticka, fosfatizov4 a ure-
dzov4, tvorba pigmentu, aerobni tvorba kyseliny v sachardze, trehal6ze, mannéze,
malt6ze a manitu. PouZilo se 937 novobiocinsenzitivnich stafylokokovych kmen, ze
kterych nileZelo 544 do druhu S. Ayicus, 322 do druhu S. chromogenes a 71 se fa-
dilo mezi oba druhy. Spole¢nou vlastnosti vSech pouzitych kment byla schopnost
inhibovat stafylokokovy delta hemolyzin. VSechny kmeny S. Ayicus produkovaly
hyaluroniddzu a hydrolyzovaly Tween 80. Na podklad¢€ rozdilné proteolytické ak-
tivity a utilizace karbohydratt se rozdélily do tfi nestejné pocetnych skupin. Viech-
ny kmeny S. chromogenes byly intenzivné proteolytické, netvofily hyaluroniddzu
a nehydrolyzovaly Tween 80. Na podklad€ rizné produkce pigmentu a tvorby
kyseliny v uhlohydrétech se rozd€lily do tfi rizn& poletnych skupin. 71 kment
puvodné nepfifazenych k Zidnému z obou druhu se vyznaZovalo schopnosti
hydrolyzovat Tween 80. Pro tuto vlastnost byly tyto kmeny pfifazeny k S. hyicus,
vzdor jejich negativni produkci hyaluronidazy.
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AnarHocTuueckoe 3HaueHue csoiictBa Staphylococcus hyicus
n Staphylococcus chromogenes

MpoBoannu uccneposaHns ABeHaAuaTU CBOWCTB C LENbl0 onpegeneHus
Staphylococcus hyicus w Staphylococcus chromogenes, a UMEHHO cnNoco6-
HOCTM TOPMOXEHHUS CTadUNOKOKKOBOTO remonusa jAenbra, o6pa3oBaHus
ruanypoHupasbl, ruaponusa Tween 80, NpPOTEONUTUUECKON aKTUBHOCTH,
doccaTasHON M ypea3HOW aKTUBHOCTEN, 06pa3soBaHUA NUrMeHTa, aspo6HO-
ro o6pa3oBaH1a KUCNOTbl B Caxapo3e, MaHHO3e, Manbto3e U MaHute. Mpu-
meHunn 937 HOBOGUOLMHCEHCUTUBHbBIX CTatUNOKOKKOBBIX WTAMMOB, U3 UMC-
na koToHbix 544 nHuHapnexanu S. hyicus, 322 - S. chromogenes n 71 -
Kk o6oum BuaaM. COBMECTHOe CBOWCTBO BCEX MPUMEHSEeMbIX WTaMMOB
CBOAWUNOCb K CMNOCOGHOCTU K WHIMOWMPOBaHUIO CTatdUNOKOKKOBOrO AenbTa-
-remonusuHa. Bce wrammbl S. hyicus Bbigensinn rnanypoHvupaasy U ruapo-
nu3osann Tween 80. Ha ocHoBe pa3HO NPOTEONUTUUECKOW aKTUBHOCTU M
yTMnu3saumu kap6oruapaTtoB UX pasfendin Ha TpU, NO UUCNEHHOCTH He-
OoAMHaKosble rpynnbl. Bce wrtammbl S. chromogenes oTtnuyanucb WUHTEH-
CUBHOW NpPOTEONUTUUHOCTbIO, He 06pa3oBanu ruanypoHujpasy UM He TMAPO-
nu3osany Tween 80. Ha ocHoBe pa3HOW NpPOAYKUMM MUTrMeHTa U obpaBa-
HUA KMCNOTbl B YrneBoAax OHW AENUAUCb Ha TPU pa3Hble NO UUCNEHHOCTU
rpynnbi. 71 wramMM, HenpuHagnexasllWX NepBoHauanbHO HU K OAHOMY U3
ABYX BMAOB, OT/IWUYanUCb cnocobHocTbio K ruaponusy Tween 80. Ynoms-
HYTbie WTaMMbl, UCXOAA W3 NPUBEAEHHOrO CBOWCTBA, ObiNM OTHECEHbI K
S. hyicus, HeCMOTPsi Ha UX HeraTUsHYI NPOAYKUWIO THanypoHUAasbl.
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