
ACTA VET. BRNO, 80, 1991: ~7-283 

DIAGNOSTIC VALUE OF Tim CHARACTERISTICS OF 
STAPHYLOCOCCUS HYICUS AND STAPHYLOCOCCUS CHROMO .. 

GENES 

B. SKALKA 

Department of Microbiology and Immunology, University of Veterinary Science, 61242 Bmo 

Received January 22, 1991 

Abstract 

Skalka B.: Diagnostic Value of the Characteristics of Staphylococcus hyicus and 
Staphylococcus chromo genes. Acta vet. Brno, 60, 1991: 277-283. 

The value of the following 12 characteristics of Staphylococcus hyicus and Staphy
lococcus chromo genes for their routine identification was assessed: inhibition of 
staphylococcal delta haemolysin, hyaluronidase production, Tween 80 hydrolysis, 
proteolytic, 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. chromo genes 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 chromo genes 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 (SkalJ.c:a 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. hyicus and 
S. chromo genes strains were concerned not only with the generally accepted character~stics 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. chromo genes 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 characteristics 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. chromo genes 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 ofthe 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 %) strains that were proteolytic, produced acid 
from sucrose and trehalose but not from mannitol. Phosphatase was produced 
by 98.9 %, urease by 77.9 % and acid from mannose and maltose by 66.2 % and 
25.6 % of Group A strains, respectively. Group B included 187 (34.4 %) 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 % of Group B strains, respec
tively. The least numerous Group C included 76 (14 %) strains that differed from 
the preceding two groups by their inactivity in carbohydrates, particularly in 
sucrose and trehalose. Phosphatase was produced by 96 %, proteolytic activity 
was shown by 55.3 %, whereas urease was produced by as few as 6.6 % of Group C 
strains. 

The properties shared by all S. chromo genes 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
teristics S. chromo genes strains were divided into three groups designated as I, 
II and III. 

Group I included 66 (20.5 %) strains that were markedly chromogenic and 
produced acid from sucrose. Phosphatase activity was shown by 94 %, hydrolysis 
of urea by 88 % and production of acid from trehalose also by 88 % of the strains. 
Acid from mannose, maltose and mannitol was produced by 68 %, 38 % and 
18 % of Group I strains, respectively. Group II including 219 (68 %) 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 % and urease 
activity by 89.5 % of the strains. Acid from mannose, maltose and mannitol was 
produced by 86.8 %, 24.7% and 9 % of Group II strains, respectively. Group II I 
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Table 1 

Cbaracterisdcs of staphylococcal'straiD. cxamincd In the prescnt study 

I No. of positively reacting strains 

Species I No.of 
Group strains IDH HYA LIP PRO PIG PHO URE sue '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 

e 76 76 76 76 42 0 73 5 0 0 0 0 0 

I 66 66 0 0 66 66 62 58 66 58 45 25 12 
s. chromogenes n 219 219 0 0 219 0 200 196 219 219 190 54 20 

m 37 37 0 0 37 16 14 10 0 0 0 0 0 

Unclsssified 
"XU strains 71 71 0 71 69 0 71 71 71 60 45 14 0 

El<p1anatory notes: IDH, inhibition of staphylococcal delta haemolY"in; HYA, hyaluronidase; LIP, hydtolysis of 
Tween 80; PRO, proteolysis; PIG, pigment; PHO, phosphatase; URE, urease; sue, sucrose; 
TRE, trehalose; MAN, mannose; MAL, maltose; MIT, mannitol. 

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

Group "X" strains all inhibited staphylococcal delta haemolysin similarly to 
S. hyicus and S. chromo genes strains. All of them also hydrolysed Tween 80 similar
ly to S. hyicus but, like S. chromo genes, did not produce hyaluronidase. Most of 
them (97 %) were proteolytic but the intensity of their protolytic activity was 
comparable to that shown by S. hyicus proteolytic strains, never reaching the in
tensity shown by S. chromo genes 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 %, 
63.4 % and 19.7 % 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. chromo genes 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. chromo genes. 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. hyicus and S. chromo genes to inhibit staphylococcal delta 
haemolysin. This capacity was also shown by all strains classified by us within 
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Table 2 

Results aDd data reported by ·otlier writers 

. I Aumor I No. of I Percentage of poaitively reacting strains 
Spec!.ea Year of strains 

HYA LIP PRO PIG PHO URE SUC TRE MAN MAL MIT pubUeations IDH 

D. 
(1985) 49 n 98 100 100 0 100 96 100 86 100 0 0 
K.S. 

e (1986) n n 100 100 100 0 100 80 100 100 100 0 10 
Z.P • . !:. (1986) n n n ·n n 0 100 94 100 92 100 10 10 .Q 

<Ii G. 
(1987) 10 n n 100 n 0 100 100 100 100 100 0 0 

Ouratudy 544 100 100 100 59 0 97 73 86 86 58 26 2 

D. .. (1985) 54 n 0 0 98 60 100 91 98 96 96 50 43 

! K.S. 
(1986) n n 0 0 100 90 100 90 100 100 100 50 58 

~ 
Z.P. 
(1986) n n n n n 95 100 90 100 90 100 50 50 

G. 
-fl (1987) 9 n n 0 89 100 100 100 100 100 100 22 44 
<Ii Ouratudy 322 100 0 0 100 25 87 82 89 86 73 24 10 

Group I Our study I 
"XU 1 

71 
1

100 0 100 97 0 100 100 100 85 63 20 0 

Explanatory notes: D., Devrieae et aI. (1985); K. S., Kloos and Schleifer (1986); Z. P., Zdrdllek and Petn\1i (1986); 
G., Goodfellow et aI. (1987); n, not specified; IDH, inhibition of staphylococcal delta haemolysin; 
HYA, hyaluronidase; LIP, hydrolysis of Tween 80; PRO, proteolysis; PIG, pigment; PHO, phos
phatase; URE, urease; SUC, sucrose; TRB, ttehalose; MAN, mannose; MAL, tnaltose; 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 
(biu 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 inhiJition test are available; this cha
racteristic was observed and aescribed 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. hyicus strains but by no 
S. chromo genes 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. chromo genes as reported by 
Goodfellow et al. (1987); as a matter offact, this finding remained unexplained 
by the afore-mentioned writers thexnselves. 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. hyicus 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. chromo genes 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. chromo genes 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. hyicus strains to produce pigment 
agree with those reported· by ,other writers. In contrast to them, however, the 
proportion of pigmented S. chromo genes strains was lower than generally reported 
and 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. hyicus Group C 
and S. chromo genes Group III strains which proved inactive in carbohydrates, 
particularly sucrose and trehalose. The proportions of these strains within S. hyi
cusand S. chromo genes were 14 % and 11.5 %, respectively. This inactivity may 
give rise to diagnostic niistakes where S. hyicus and S. chromo genes 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. chromo genes 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. hyicus in view of 
their hydrolysis of Tween 80 in spite of their negative hyaluronidase production. 

Diagnostickt vYznam vlastnosti Staphylococcus hyicus a Staphylococcus 
chromogenes 

Sledoval se vjznam dvanacti vlastnosti pro urceni Staphylococcus hyicus a Sta
phylococcus chromo genes, a to schopnost inhibovat stafylokokovj hemolyzin delta, 
tvorba hyaluronidazy, hydrolyza Tween80,aktivita proteolyticka, fosfatazova a ure
azova, tvorba pigmentu, aerobni tvorba kyseliny v sachar6ze, trehal6ze, mann6ze, 
malt6ze a manitu. POuZilo se 937 novobiocinsenzitivnich stafylokokovjch kmenu, ze 
kterych naIeZelo 544 dodruhu S. hyicus, 322 do druhu S. chromo genes a 71 se fa
dilo mezi oba druhy. Spolecnou vlastnosti vsech pouzirych kmenu byla schopnost 
inhibovat stafylokokovj delta hemolyzin. Vsechny kmeny S. hyicus produkovaly 
hyaluronidazu a hydrolyzovaly Tween 80. Na podklad~ rozdilne proteolyticke ak
tivity a utilizace karbohydratiJ. se rozd~lily do tii nestejn~ pocetnych skupin. Vsech
ny kmeny S. chromo genes byly intenzivne proteolyticke, netvofily hyaluronidazu 
a nehydrolyzovaly Tween 80. Na podklade rmne produkce pigmentu ~ tvorby 
kyseliny v uhlohydratech se rozdelily do tfi rune pocetnych skupin. 71 kmenu 
puvodne nepfifazenych k zadnemu z obou druhu se vyznacoyalo schopnosti 
hydrolyzovat Tween 80. Pro tuto vlastnost byly tyto kmeny pfifazeny'k S. hyicus, 
vzdor· jejich negativni produkci hyaluronidazy. 
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AMarHOCTM'IeCKOe 3Ha'leHMe CBoHcTBa Staphylococcus hyicus 
M Staphylococcus chromogenes 

npOBOAMnM MccneAoBaHMH ABeHaA~aTM CBOHCTB C ~enb~ onpeAeneHMH 

Staphylococcus hyicus M Staphylococcus chromogenes, a MMeHHO cnoc06-

HOCTM TOpMO>KeHMSI cTacpMnoKoKKoBoro reMonM3aAenbTa, 06pa30BaHMSI 

rManypoHMAa3bl, rMApoml3a Tween 80" npoTeOnMTM'IeCKOH aKTMBHOCTM, 

cpoccpaTa3HoH M ypea3HoH aKTMBHocTeH, 06pa30BaHMSI nMrMeHTa, a3p06Ho

ro 06pa30BaHMSI KMcnOTbl B caxap03e, MaHH03e, ManbT03e M MaHMTe_ npM

MeHMnl1 937 HOB061-t0~MHCeHcMTMBHbIX cTacpMnoKoKKoBblX WTaMMOB, M3 'IMC

na KOTOHblX 544 nHMHaAne>KanM S. hyicus, 322 - S. chromogenes M 71 -
K 060MM BMAaM. COBMecTHoe CBOHCTBO Bcex npMMeHSIeMblx WTaMMOB 

CBOAMnOCb K cnoc06HoCTM K MHrM6MpoBaHM~ cTacpMnoKoKKoBoro AenbTa

-reMonM3MHa. Bce WTaMMbl S. hyicus BblAenSinM rManypoHMAa3Y M rMAPo

nM30BanM Tween 80. Ha OCHOBe pa3HoH npoTeOnMTM'IeCKOH aKTHBHOCTM M 

yTMnM3a~MM Kap6orMApaToB MX pa3AenMnM Ha TpM, no 'IMCneHHOCTM He

OAMHaKOBble rpynnbl. Bce WTaMMbl S. chromogenes OTnM'IanMCb MHTeH

CMBHOH npOTeOnMTM'IHOCTb~, He 06pa30BanM rManYPOHMAa3Y M He rMApo

nM30BanH Tween 80. Ha OCHOBe pa3HoH npoAyK~MM nMrMeHTa M 06paBa

HMSI KMcnOTbl B yrneBoAax OHM AenMnMCb Ha TpM pa3Hbie no 'IMCneHHOCTH 

rpynnbl. 71 WTaMM, HenpMHaAne>KaBw .... x nepBOHa'lanbHO HM K OAHOMY M3 

AByX BMAOB, OTnM'IanMCb cnoc06HoCTb~ K rMAPonM3Y Tween 80. YnOMSI

HYTble WTaMMbl, MCXOASI M3 npMBeAeHHoro CBoHcTBa, 6blnM OTHeceHbl K 

S. hyicus, HecMoTpH Ha MX HeraTMBHy~ npoAyK~M~ rManypoHMAa3bl. 
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