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Staphylococcus saprophyticus subsp. bovis subsp. nov.,
Isolated from Bovine Nostrils
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A new coagulase-negative subspecies, Staphylococcus saprophyticus subsp. bovis, is described on the basis of
a study of five strains isolated from the anterior nares of cows. This subspecies is differentiated from the other
novobiocin-resistant staphylococci by its phenotypic properties, cell wall composition, and levels of genetic
relatedness. The type strain of the new subspecies is KV 12 (=CCM 4410).

A total of 28 species and 8 subspecies are already recognized
in the genus Staphylococcus, as listed in the 9th ed. of Bergey’s
Manual of Determinative Bacteriology (19). In addition, five new
staphylococcal species have been validly published since 1992
(S. muscae, S. pasteuri, S. piscifermentans, S. pulvereri, and §.
vitulus) (8, 17, 34-36).

Within the cluster of coagulase-negative staphylococci, 11
novobiocin-resistant species (S. arlettae, S. cohnii, S. equorum,
S. gallinarum, S. kloosii, S. lentus, S. pulvereri, S. saprophyticus,
S. sciuri, S. vitulus, and S. xylosus) (10, 23, 27, 29, 30, 35, 36) and
two subspecies (S. cohnii subsp. cohnii and S. cohnii subsp.
urealyticus) (24) have been established so far. In this paper, a
new taxonomic group of novobiocin-resistant staphylococci
closely related to S. saprophyticus is described. These bacteria
were isolated in about 7% of the nostrils of healthy cows. They
were allocated on the basis of their physiological and biochem-
ical properties, cell wall composition, and genetic relatedness
to a separate subspecies, S. saprophyticus subsp. bovis.

MATERIALS AND METHODS

Bacterial strains. Five strains (KV 12T = CCM 4410, KV 19, KV 20, KV 30,
and KV 56 =CCM 4411) were isolated from the anterior nares of healthy cows
brought to the Olomouc slaughterhouse from North Moravia. The isolation
medium was nutrient broth (Oxoid) supplemented with 7% NaCl and blood agar
base no. 2 (Oxoid) mixed with 5% defibrinated ovine blood. The latter was also
used for the propagation of all of the isolates.

The 20 type strains of the genus Staphylococcus (see Table 6) for the DNA-
DNA hybridization test were obtained from the American Type Culture Collec-
tion, Rockville, Md.; the Czech Collection of Microorganisms, Masaryk Univer-
sity, Brno, Czech Republic; and the Deutsche Sammlung von Mikroorganismen,
Braunschweig, Germany.

All of the strains were maintained as frozen suspensions in glycerol broth at
—25°C (20) and were also maintained in a freeze-dried state.

Phenotypic characteristics. The following properties were determined by
methods previously described in detail (11, 15, 17): cell and colony morphology;
pigmentation; motility; anaerobic growth in thioglycolate medium; production of
catalase, oxidase, and coagulase in rabbit and bovine plasma; production of
clumping factor, fibrinolysin, acetylmethylcarbinol, urease, arginine-dihydrolase,
alkaline and acid phosphatases, casvinase, gelatinase, hyaluronidase, heat-labile
and heat-stable nucleases, lysozyme, lecithinase, o- and B-hemolysins, B-galac-
tosidase, indole, hydrogen sulfide, phenylalanine deaminase, ornithine and lysine
decarboxylases, protein A, and acid from carbohydrates (adonitol, arabinose,
cellobiose, dulcitol, fructose, galactose, glucose, glycerol, lactose, maltose, man-
nitol, mannose, raffinose, rhamnose, ribose, sucrose, trehalose, turanose, and
xylose) under aerobic conditions and from two other sugars (glucose and man-
nitol) under anaerobic conditions; nitrate reduction; hydrolysis of Tween 20, 40,
and 80; hydrolysis of Na-hippurate, starch, and esculin; growth on Simmons
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citrate agar; and tolerance to NaCl. In addition, the production of elastase on
Elastin Congo red (ZD Letohrad, Czech Republic) agar according to the method
of Janda (21) and the production of arginine arylamidase, pyrrolidonyl arylami-
dase, B-glucuronidase, and N-acetylglucosaminidase were examined with the ID
32 STAPH strip (bioMérieux, Marcy I’Etoile, France) (7).

Drug susceptibilities. The disk diffusion technique for susceptibility testing
with novobiocin, bacitracin, vibriostatic compound 07129, and lysostaphin was
used as described previously (11, 15). The MICs of 39 different antimicrobial
agents (antibiotics, chemotherapeutics, and disinfectants) were determined by
the dilution micromethod with Mueller-Hinton broth (Oxoid). The reference
strains Escherichia coli CCM 3988, Staphylococcus aureus CCM 3953, S. sapro-
phyticus CCM 883, and Micrococcus kristinae CCM 2690 served as controls.

Typing with phages. Phage typing was done according to the method of Blair
and Williams (3). The tested cultures were examined with the standard sets of 23
phages (33) for human S. aureus strains, 12 phages (32) for bovine S. aureus
strains, and experimental sets of 4 phages (06, 40, 58, and 93) for S. intermedius
strains (4), 2 phages (H1 and H4) for S. hyicus strains (16), and 7 phages (41, 63,
138, 245, 336, 392, and 550 [National Reference Center for Staphylococci, Med-
ical Faculty, Lyon, Frante]) and 15 phages (15, 27, 37, 155, A6C, 71, 275, 48, 82,
456, 157A, 471A, 459, 275A, and B1 [Public Health Laboratory Service, Colin-
dale, London, United Kingdom]) for S. epidermidis strains. The strains were
tested at 100X the routine test dilution.

Fatty acid composition. Fatty acid profiles of lyophilized cultures were deter-
mined by gas chromatography of fatty acid methyl esters on a Chrom 41 appa-
ratus (Laboratorni pfistroje, Praha, Czech Republic) adapted for capillary gas
chromatography. A column coated with free fatty acid acid phase and a flame
ionization detector were used. Fatty acid methyl esters were prepared by direct
transesterification with sodium methoxide (37). The reference strain S. sapro-
phyticus CCM 883 was used as a standard for the analysis.

Cell wall analysis. Cells were disintegrated by shaking with glass beads, and
cell walls were purified with 4% sodium dodecyl sulfate (SDS) by the procedure
of Glauner et al. (13).

For total amino acid analysis, SDS-purified cell walls (CW-SDS) were hydro-
lyzed with 4 N HCl for 16 h at 100°C. The levels of amino acids were determined
with an amino acid analyzer (LC 6001; Biotronik, Maintal, Germany). The
peptidoglycan structure was deduced from the molar ratios of glutamic acid to
glycine, alanine, serine, lysine, glucosamine, and muramic acid, respectively (28).

Phosphorus in cell walls was determined according to the method of Ames (1).
The composition of teichoic acids was analyzed in hydrofluoric acid hydrolysates
(60% hydrofluoric acid) of cell walls (2) or by extraction and ion-exchange
purification chromatography on DEAE-Sephacel in the case of the KV 19 and
KV 30 strains according to the method of Kaya et al. (22). The analysis was
performed by gas-liquid chromatography of peracetylated polyols and alditols.
The details of the procedure have been described elsewhere (35).

DNA-DNA hybridization. Published methods for the extraction (18, 25) and
purification (6) of DNA were used. Native DNA was labeled in vitro by nick
translation with tritium-labeled nucleotides (Amersham International, Amer-
sham, United Kingdom). The S1 nuclease method (9) was used according to the
trichloracetic procedure described in detail elsewhere (14); the reassociation
temperature was 60°C. The hybridization experiments were carried out with
labeled DNA from the KV 12 strain as a probe. The temperature (7,,,) at which
50% of the reassociated DNA became hydrolyzable by the S1 nuclease was
determined (9). The difference (A7,,) between the T, of the homologous and
heterologous reactions is an estimate of the divergence between the two DNAs
(5); this procedure was done twice.

DNA base composition. The G + C mole percent content of DNA was
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obtained after hydrolysis with nuclease P1 (Sigma, Chemical Co., St. Louis, Mo.)
(12) and after reverse-phase chromatography on a Merck chromatograph
(Merck-Clevenot, Nogent-sur-Marne, France) by the high-performance liquid
chromatography method as described elsewhere (26). A Legionella gratiana
strain (ATCC 49413) with G + C content of 38.0% * 1% was included as a
standard.

RESULTS AND DISCUSSION

The five strains investigated are gram-positive, spherical
cocci that occur singly, in pairs, in short chains, and in irregular
clusters and that are nonmotile and non-spore forming. All of
the strains are able to grow in the presence of 10% NaCl and,
both aerobically and anaerobically, in the semisolid Brewer
thioglycolate medium. They produce catalase and are resistant
to bacitracin, vibriostatic agent O/129, and lysozyme but sen-
sitive to lysostaphin. The average base composition in all the
strains reached 31 mol% G + C. The characteristics men-
tioned above permit us to include the strains in the genus
Staphylococcus.

All of the strains are coagulase, heat-stable nuclease, and
clumping factor negative and novobiocin resistant. The DNA-
DNA hybridization studies have shown that the five strains are
genetically closely related on the species level and are related
to S. saprophyticus on the subspecies level. They are, however,
not related to any of the other staphylococcal species.

Description of S. saprophyticus subsp. bovis subsp. nov. The
description of S. saprophyticus subsp. bovis (bo'vis. L. n. bos, a
cow; L. gen. n. bovis, of a cow) is based on a total of five strains.

Physiological and biochemical characteristics. The organ-
ism has gram-positive spherical cells, 0.7 to 1.4 wm in diameter,
that occur singly, in pairs, in short chains, and in irregular
clumps. The organism is nonmotile and non-spore forming.
Colonies are circular, entire, butyrous, slightly convex with
gently raised centers and glistening surfaces, and grow to 4 mm
in diameter after 3 days of cultivation. Creamy to pale orange
pigment is produced by four strains, and one strain is unpig-
mented. Broth cultures form with uniform turbidity and deli-
cate deposit. Growth is very weak at 10°C, and there is no
growth at 45°C. Colonies formed on nutrient agar supple-
mented with NaCl at a concentration up to 10.0% and only
weakly at a concentration up to 12.5%.

The strains are facultative anaerobes. The benzidine test for
porphyrin is positive, and sodium hippurate is hydrolyzed. Ni-
trate is reduced. The organism is catalase and urease positive.
Acid is produced from fructose, glucose, glycerol, maltose,
mannitol, ribose, trehalose, and N-acetylglycosamine under
aerobic conditions and from glucose under anaerobic condi-
tions.

The variable characteristics of S. saprophyticus subsp. bovis
are listed in Table 1.

None of the strains studied produce coagulase, clumping
factor, fibrinolysin, elastase, arginine arylamidase, arginine di-
hydrolase, ornithine and lysine decarboxylases, oxidase, acid
phosphatase, heat-labile and heat-stable nucleases, hyaluroni-
dase, hemolysins, and acid from adonitol, cellobiose, dulcitol,
galactose, raffinose, rhamnose, and xylose. Esculin and starch
are not hydrolyzed. All strains are negative for production of
hydrogen sulfide, phenylalanine deaminase, and acid from
mannitol under anaerobic conditions. No growth is recorded
on Simmons citrate agar and on nutrient agar in the presence
of 15% NaCl.

Drug susceptibilities. In disk diffusion tests, resistance to
novobiocin, bacitracin, and vibriostatic compound O/129 is
noted. On the contrary, all of the strains are sensitive to lyso-
staphin.

S. SAPROPHYTICUS SUBSP. BOVIS SUBSP. NOV. 793

TABLE 1. Variable characteristics of S. saprophyticus
subsp. bovis strains

No. of KV strains with Reaction
Characteristic strains positive positive (weakly for strain
(weakly positive)  positive) reaction KV 127
Colony pigment 4 12, 20, 30, 56 +
Gelatinase 2(2) 12, 30, (20), 56 +
Caseinase 1(1) 30, (19) -
Lysozyme 2(2) 12, 20, (30), (56) +
B-Galactosidase 3 12, 19, 30 +
B-Glucuronidase 1 19 -
Lecithinase 1 19 -
Hydrolysis of Tween 1 19 -
20, 40, and 80
Alkaline phosphatase 1 19 -
Acetylmethylcarbinol 30 -
Acid from:
Arabinose 1 19 -
Galactose 4 19, 20, 30, 56 -
Lactose 1 19 -
Mannose 1 19 -
Sucrose 4 12, 20, 30, 56 +
Turanose 4 12, 20, 30, 56 +

“ +, positive; —, negative.

As determined by MICs, all of the KV strains are susceptible
to penicillin G (MIC [micrograms per milliliter], 0.06 to 0.1),
ampicillin (MIC, 0.06 to 0.1), oxacillin (MIC, 0.2 to 0.5),
azlocillin (MIC, 1.0 to 16.0), cephalothin (MIC, 0.2 to 0.5),
streptomycin (MIC, 0.5 to 2.0), gentamicin (MIC, 0.06 to 0.1),
kanamycin (MIC, 0.5), tobramycin (MIC, 0.06), netilmicin
(MIC, 0.03), neomycin (MIC, 0.06), minocycline (MIC, 0.06),
chloramphenicol (MIC, 4.0), erythromycin (MIC, 0.06 to 0.5),
lincomycin (MIC, 0.06 to 0.5), clindamycin (MIC, 0.06 to 0.1),
pristinamycin (MIC, 0.25 to 1.0), rifampin (MIC, 0.1), teico-
planin (MIC, 0.5 to 2.0), vancomycin (MIC, 0.5 to 1.0), ofloxa-
cin (MIC, 0.2), and co-trimoxazole (MIC, 0.5 to 1.0). From the
disinfectants tested, efficacy was recorded for ethidium bro-
mide (MIC, =10.0), acriflavine (MIC, =50.0), chlorbenzalco-
nium (MIC, =2.6), chlorhexidine (MIC, =0.9), and hexami-
dine diisothionate (MIC, =10.0). All strains are resistant to
1,000 g of lysozyme per ml. Some of the strains are resistant
to tetracycline, cefotaxime, ceftriaxone, ceftazidime, pefloxa-
cin, fusidic acid, or nitrofurantoin (Table 2).

Phage typing. None of the strains was susceptible to all 63
phages used at 100X routine test dilution.

Fatty acid profile. The strains have a branched-chain an-
teiso-C, 5., fatty acid as their dominant component. The pres-
ence of long-chain saturated unbranched fatty acids C,g,, and
C,.q has also been demonstrated as typical for staphylococci
(24, 31). In addition, evidently larger amounts of fatty acids
is0-C, 5. and particularly anteiso-C, .o were recorded. The de-
termination of fatty acid patterns yielded closely related results
both in the KV strains and in E 39 (=CCM 8837), the S.
saprophyticus type strain (Table 3).

Cell wall analysis. The findings on the composition of pep-
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TABLE 2. MICs of various antimicrobial agents for resistant
S. saprophyticus subsp. bovis strains

INT. J. SYsT. BACTERIOL.

TABLE 4. Composition of peptidoglycans determined from acid
hydrolysates of CW-SDS

MIC (mg/liter) for:
Antimicrobial

agent KV KV KV KV KV
127 19 20 30 56
Tetracycline 0.06 0.5 0.1 4.0¢ 0.1
Cefotaxime 4.0 8.0¢ 2.0 2.0 4.0
Ceftriaxone 16.0# 16.0¢ 4.0 8.0° 16.0*
Ceftazidime 8.0¢ 8.0¢ 4.0 8.0¢ 8.0¢
Pefloxacin 2.0 4.0¢ 2.0 2.0 2.0
Fusidic acid 2.0° 4.0° 2.0¢ 1.0 0.5
Nitrofurantoin 16.0 64.0° 320 16.0 320
“ Resistant.

tidoglycans are given in Table 4. In peptidoglycans of all esti-
mated strains, a small amount of serine was present. Except for
the KV 19 strain, the glycine/serine molar ratio reached ap-
proximately half the values for S. saprophyticus (30, 31).

TABLE 3. Fatty acid profiles in whole-cell lipids of S. saprophyticus
subsp. bovis strains

Chain % of total amt of fatty acid methyl ester”
Fatty acid

and no.
of bonds KV 127 KV19 KV20 KV30 KV56 E39

Iso+anteiso  12:0° Tr 0.1 Tr 0.1 Tr Tr
13:0 04 0.2 0.3 0.3 0.3 03
13:0 Tr Tr Tr Tr Tr Tr

Iso 14:0 1.0 0.9 0.9 0.7 0.7 0.8
14:0 1.8 0.4 1.8 1.2 0.8 1.6
Iso 15:0 53 3.1 5.9 54 7.1 4.1
Anteiso 15:0 520 548 497 528 530 51.8
15:0 0.1 0.2 0.1 0.1 0.1 0.1
Iso 16:0 1.1 24 0.9 1.0 1.4 1.1
16:0 4.6 2.0 4.7 3.6 2.4 3.8
Iso 17.0 2.0 1.6 2.3 22 34 22
Anteiso 17:0 13.7 19.7 13.7 16.9 16.4 14.0
17:0 0.1 0.2 0.1 0.2 0.1 0.1
Iso 18:0 0.2 0.6 0.2 0.1 0.3 0.2
18:0 6.6 4.0 7.3 5.0 3.7 6.4
Iso 19:0 1.0 1.1 1.1 1.4 1.8 1.3
Anteiso 19:0 14 2.8 1.9 2.1 2.1 22
19:0 0.2 0.2 0.2 03 0.2 0.1
[so 20:0 0.1 0.1 0.1 0.1 0.1 0.1
20:0 7.6 4.7 8.3 5.8 5.4 9.1
Iso 21:0 0.1 0.1 0.1 0.1 0.2 0.1
Anteiso 21:0 0.1 0.1 0.1 0.1 0.1 0.2
[so 22:0 Tr

22:0 0.2 0.2 0.2 0.2 0.2 0.3

“ Percentage of areas of corresponding individual fatty acid methyl esters
related to the total peak areas of methyl esters analyzed. Values presented are
means of two independently tested samples of one lyophilizate. Tr, trace
(<0.05%).

b S. saprophyticus type strain (=ATCC 15305 = CCM 883).

¢ Probable identification.

Molar ratio (Glu = 1)

Strain
Gly Ala Ser Lys GIcN Mur® NH,
KV 127 38 1.9 0.3 0.9 22 0.9 0.9
KV 19 4.0 22 0.7 0.9 1.0 0.7 0.8
KV 20 39 21 0.2 0.9 1.9 0.8 0.8
KV 30 34 2.1 0.2 0.9 2.0 0.8 0.7
KV 56 3.7 1.9 0.3 0.8 2.0 0.8 0.7

2 Mur, muramic acid.

Smaller amounts of serine coincide with the lysostaphin sus-
ceptibility observed in all strains. The peptidoglycan type of the
KV strains was determined as Lys-Glys 4 4, Serg,_os- The
amount of NH; in the hydrolysates may indicate amidation on
the a-carboxyl of glutamic acid.

The data concerning the accessory carbohydrate polymers in
the cell walls are summarized in Table 5. Significant amounts
of phosphorus in the prepared cell walls indicated the presence
of teichoic acids. The KV 12T, KV 20, KV 30, and KV 56
strains exhibited ribitol teichoic acids with partial substitution
by N-acetylglucosamine. In the case of the KV 56 strain, glu-
cose may be a minor substituent of ribitol in addition to N-
acetylglucosamine. The teichoic acid of the KV 19 strain was
found to be distinctly different. Glycerol (Gro) is the polyol
with typical behavior on hydrofluoric acid hydrolysis, allowing
us to assume that chains consisting of [-P-GlcNAc-P-Gro-]
repeating units are present. It could explain the rather large
amount of phosphorus in this type of cell wall teichoic acid.
Glucose may function as a substituent.

Protein A has not been detected in the strains.

DNA-DNA hybridization. The five KV strains form a genet-
ically homogeneous group. The DNA relatedness results ob-
tained with labeled reference DNA from the KV 127 strain are
given in Table 6. The other KV strains are related at species
levels of 94 to 99%, and the S. saprophyticus type strain, CCM
883, is related at a subspecies level of 71%. The type strains of
other staphylococcal species show relatedness at levels of no
more than 32%.

DNA base composition. The G + C contents of the DNA of
all strains tested varied in a close range between 30.9 and 31.3
mol%.

Description of the type strain. The type strain KV 12
(=CCM 44107), isolated from the anterior nares of a cow, has
the characteristics given for the species above and in Tables 1,
2, and 3. The peptidoglycan structure is of the Lys-Gly, g, Serg 5
type. The G + C content of its DNA was found to be 31.0
mol%.

Distinguishing characteristics. S. saprophyticus subsp. bovis

TABLE 5. Composition of teichoic acids

Amt of phosphorus Occurrence of:

Strain (nmol/mg of CW-SDS) Gyucerol Ribitol Glucose Glucosamine
KV 127 583 - + - M
KV 19° 923 + -+ *
KV 20 597 -t - .
KV 30° 500 O *
KV 56 543 =+ (h) +

# Teichoic acid extracted and fractionated on DEAE-Sephacel.
£ Minor amounts of glycerol are not indicative of the occurrence of a glycerol
teichoic acid but probably derive from linkage units.
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TABLE 6. DNA relatedness among S. saprophyticus subsp. bovis
and other species in the genus Staphylococcus

% reassociation at 60°C
with labeled DNA from
S. saprophyticus subsp. bovis
(KV 12 = CCM 4410)

Source of unlabeled DNA“

S. saprophyticus subsp. bovis
T

KV 127.. .. 1007

KV 56
saprophyticus CCM 8837
caprae CCM 35737 ..ocuimeeirerieesseeenecnneeseeseoeenans
intermedius CCM 57397
wameri CCM 27307 . .
arlettae DSM 206727 ......uouvveeereeeeereeseeeresassanneas
capitis CCM 27347
S. aureus CCM 8857 ...
S. gallinarum CCM 35727 ...

Lhhhnn

S. haemolyticus CCM 2737 ....cvvcunreerreenrereserennceecens 20
S. xplosus CCM 2738T......oreeieeerernnsnsesssssssescsnens 20
S. kloosii DSM 206767 .. 18
S. delphini DSM 207717 17
S. simulans CCM 27057 ... 17
S. hominis DSM 203287 15
S. CONNiE CCM 27367 cnreeereieenrersriesessensessesasssennas 13
S. auricularis ATCC 33753"... 10
S. equorum DSM 206747..... 10
S. camosus DSM 205017 ..... 9
S. caseolyticus ATCC 135487, . 6
S. epidermidis CCM 21247 .......ocoroemrrireneeenerienseenens 2

7 ATCC, American Type Culture Collection, Rockville, Md.; CCM, Czech
Collection of Microorganisms, Masaryk University, Brno, Czech Republic; DSM,
Deutsche Sammlung von Mikroorganismen, Géttingen, Germany.

® Percent relatedness.

¢ Value in parentheses represents AT, (in degree Celsius).

can be phenotypically distinguished from S. saprophyticus
subsp. saprophyticus on the basis of smaller colony diameters,
nitrate reduction, ability to produce pyrrolidonyl arylamidase
but not acetylmethylcarbinol, and fermentation of galactose
and ribose (Table 7).

The properties useful in the identification and separation of
the new taxon S. saprophyticus subsp. bovis from the other
novobiocin-resistant staphylococcal species and subspecies are
listed in Table 8. It can be recognized by the colony size,
reduction of nitrates, production of urease and acid from ri-
bose, and its inability to hydrolyze esculin and produce acid
from cellobiose, raffinose, and xylose.

TABLE 7. Differentiation of subspecies of the
species S. saprophyticus

Reaction of S. saprophyticus

Characteristic subsp.®:
bovis saprophyticus
Colony diam >5 mm - +
Nitrate reduction + —
Pyrrolidonyl arylamidase + -
Acetoin v{-) +
D-Galactose v(t) -
D-Ribose + -
% +, positive; v, variable; —, negative. Symbols in parentheses are mostly

positive or negative.
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