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The biotyping scheme of' Baird-Parker was applied to cultures of' StaphYlococ-
cu.s epidermidis f'rom patients. In all, 6:3.6' of' 228 cultures belonged to biotype 1,
followed by biotvpes 4. 3. and 2 in decreasing order of' incidence. When classif'ied
according to clinical source of' isolation, cultures of S. epidermidis were most
frequently isolated f'rom urine, with 39.5% of 228 cultures from this source. Each
of' the f'our biotypes was distributed throughout all nine catagories of' clinical
sources. The production of' virulence f'actors was based on the results of' three
groups of' tests: (i) deoxyribonuclease, urease, gelatinase. caseinase. and lyso-

zyme production; (ii) lipolytic activitv on the tweens; and (iii) hemolysin
production. Enzymatic activity was highest for organisms in biotype 1, f'ollowed
by biotypes 3, 4, and 2 in decreasing order. Of' the 228 cultures. 76..3%' were lvsed
by lysostaphin. Resistance to antibiotics was highest for tetracycline, ampicillin.
and penicillin, with rates of' 54.8. 69.3. and 81.6%.. respectively. The role of' S.
epidermidis as an etiological agent was studied by analyzing the laboratory and

clinical data of' 80 patients selected at random with bacteriuric S. epidermidis.
Organisms in biotype 1 were most commonly associated with urinary tract
inf'ection. The signif'icance of' certain biotypes of' S. epidermidis as opportunistic
pathogens among compromised hosts in a hospital environment is discussed.

The role of Staphy lococcus epidermidis in
severe infections involving the colonization of
prosthetic devices is well established (9. 21).
However, the ubiquitous nature of this orga-
nism and our inability to distinguish potentially
pathogenic strains make its etiological role in
less severe infections diff'icult to assess. Because
of its resistance to antibiotics (12), treatment of'
infections by S. epidermidis can present thera-
peutic problems (21). To date. epidemiological
studies by bacteriophage typing of' S.
epidermidis have not been successt'ul in our
laboratory (unpublished data) or by others in
this country (13). The most generally accepted
method to distinguish subgroups of' S.
epidermidis is the biotyping scheme of' Baird-
Parker. with cultures primarily f'rom nonclinical
sources (4). The purpose of' this studv was to
apply this typing scheme to S. epidermidis from
patients and to correlate biotype with clinical
source, resistance to antibiotics, and the pro-
duction of virulence factors. Also, for one cate-
gory of isolates, laboratory and clinical data of
patients were analyzed to determine whether
certain biotypes of' S. epidermidis play a more
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prominent role in the etiology of urinary tract
infections.

(Presented at the 14th Interscience Conf'er-
ence on Antimicrobial Agents and Chemother-
apy. 1974, San Francisco. Calit'.).

MATERIALS AND METHODS
Cultures. A total of' 228 cultures of' S. epidermidis

was obtained from the clinical laboratory of' the
University of' Missouri Medical Center. Columbia.
over a 9-month period, and each was classit'ied as to
its site oft isolation. Identit'ication ot' each culture as S.
epidermidis was based on the results ot' tour tests:
gram-positiv e staining reaction, catalase production,
anaerobic f'ermentation of glucose, and the inability to
produce coagulase with human plasma. All cultures
were stored at 4 C on brain heart inf'usion agar (BBL).
Viability was maintained by subculture every 4
weeks.

Biochemical tests. Anaerobic t'ermentation ot' glu-
cose and mannitol and acid produced aerobically f'rom
lactose and maltose were determined according to the
method of' Bentley et al. (8). Reactions were read at
intervals of' 1, '3, 5, and 10 days. Acid production from
mannitol under aerobic conditions was determined
with mannitol salt agar containing phenol red broth
base (Dif'co). 1.5% agar (BBL). 1% D-mannitol. and
7.5% NaCl. Reactions were read after incubation f'or
18 to 24 h at 37 C. The production of' acetoin (4).
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urease (22), gelatinase (8). and caseinase (8) was

determined as described by others. Phosphatase ac-

tivitv was determined according to the procedure of

Baird-Parker (4); however, the basal medium con-

sisted of trvptose blood agar base (Ditco). Deoxyribo-
nuclease (DNase) production was determined with
DNase test medium (Dif'co). No attempt was made to
determine the thermal stability of the DNase pro-

duced (11). The production of lvsozyme was deter-
mined after incubation for 3 days at 37 C under
anaerobic conditions (9) on plates containing heart
inf'usion agar (Difco) with lvsozvme substrate (Dif'co)
at a concentration of 1 mg/ml. The formation of a lytic
zone around each colony was interpreted as a positive
test. Lipolvtic activity was determined on Sierra
medium according to the procedure of Alder et al. (1).
Tweens 20, 40, 60, and 80 (Sigma Chemical Co.. St.
Louis, Mo.) were the lipid substrates and were added
to the basal medium, which was adjusted to pH 7.8.

Hemolysins. Determination of' the production of'
alpha-, beta-, and delta-hemolysins was with human.
sheep. and rabbit erythrocytes which had been
washed three times with phosphate-saline buff'er (pH
7.2) and added to heart infusion agar to a final
concentration of 5'(. Plates containing each type of'
blood were inoculated by radial streaks with cultures
which had been grown overnight on brain heart
inf'usion agar. Incubation was at 837 C for 18 to 24 h
under increased (10'-;) CO2 and again at 37 C for
another 18 to 24 h under aerobic conditions. Af'ter
each period of incubation, plates were read for hemol-
ysis. To distinguish between alpha- and delta-
hemolvsins. the cross-streaking technique with a

beta-lysin-producing strain of Staphylococcus aureus

was employed (10)).
Lysostaphin susceptibility. A modif'ication of' the

procedure of' Lachica et al. (11) was used f'or the
detection of' lysostaphin susceptibility with cultures
grown overnigyht in trvptic soy broth (Dif'co). Lvso-

staphin (Schwarz/Mann Research Laboratory,
Orangeburg, N.Y.) was dissolved in 0.1 M tris(hV-
droxvmethv%l)aminomethane buff'er (pH 7.5) in a 0.15
M NaCl solution to give a final concentration of' 33
jg/ml upon addition to broth cultures. A 0.1-ml
quantity of' lysostaphin-butf'er solution or 0.1 ml of'
buf'f'er was added to duplicate tubes containing 0.4 ml
of' tryptic son broth culture. Both tubes were then
incubated in a water bath at :37 C and read f'or Ivsis
af'ter :30-min and 1-h intervals. The test was recorded
as negative if' no clearing occurred af'ter :3 h.

Antibiograms. Antibiograms were determined by
the Kirby-Bauer method (7) with the following antibi-
otic disks: streptomycin, kanamycin. chlorampheni-
col, ervthromvcin. tetracycline, and penicillin G
(Difco); cephalothin, ampicillin, methicillin (BBL);
and lincom cin (Upjohn).

RESULTS

The results (not shown) of acid production
from lactose, maltose, and mannitol under aero-

bic conditions, and the production of' acetoin
and phosphatase, were used to classifty each
culture into one of' the four biotvpes of' Baird-

Parker (5, 6). Three cultures could not be
classif'ied as to biotype. although each was
identif'ied as S. epidermidis based on their
inability to produce coagulase and ferment
mannitol anaerobicallv. The distribution of cul-
tures based on biotvpe classif'ication and source
of' isolation is shown in Table 1. In all. 145
(63.6'-.) of' 228 cultures belonged to biotype 1,
whereas only four (1.8%'') of 228 cultures were in
biotype 2. WAhen classif'ied according to clinical
source of' isolation. cultures of S. epidermidis
were most frequently isolated f'rom urine, with
90 (39.5%) of' 228 cultures isolated f'rom this
source. Each of' the four biotypes was distrib-
uted throughout all nine categories of' clinical
sources (Table 1).
A summary of' the enzymatic activities of' the

cultures based on their biotype classif'ication is
shown in Table 2. Enzvmatic activitv was based
on the results of' three groups of' tests. The first
group consisted of tests for DNase. urease.
gelatinase, caseinase, and lysozyme production,
the second f'or lipolvtic activity on the tweens:
and the third for alpha-. beta-, and delta-
hemolvsin production. I'he average of' individ-
ual positive reactions by cultures in each bi-
otvpe for each group of' tests was determined.
Although individual diff'erences were noted.
enzy%matic activity in the three groups of' tests
was hiahest for cultures in biotype 1. Cultures in
biotype 2 were the least enzvmaticallv active.
The percentage of' susceptibility to l,sis by
lvsostaphin for cultures in each biotvpe was:
biotype 1. 77.9; biotype 2. 25.0: biotype 83. 76.7
and biotype 4. 80.4. In all, 174 (76.3%7) of' the 228
cultures were lvsed bv this enzyme.
Table 3 lists a summary of the enzymatic

activities of the cultures when classif'ied accord-
ing to clinical source of' isolation. Although
individual difft'erences were observed, the en-
zymatic activities of the isolates from the dif'fer-

TABLE 1. Number and biot pe of 228 cultures of S.
epidermidis from clinical sources

No. of cultures in biotype:
Clinical
source 1 2 3 4 Un-

12 ~~~~~~ classified

Urine 55 1 10 23 1
Wound 19 1 2 5 0
Abscess 13 1 6 1 0
Urogenital 13 0 2 3 0
Blood 6 0 7 3 1
Nasopharyngeal 15 0 0 2 0
Skin 11 0 1 2 0
Eye 3l 2 31
Miscellaneous 10 I O 4 1
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ent sources were relatively uniform. Suscepti-
bility to lysis by lysostaphin was highest for eye

isolates; seven (87.5%) of eight cultures lvsed.
whereas only 12 (57.1F) of' 21 cultures from
abscesses lysed (not shown).
The percentages of' cultures resistant to each

of' 10 antibiotics are shown in Table 4. Resist-
ance was highest f'or the antibiotics tetracv-

cline, ampicillin, and penicillin G, with rates of
54.8, 69.3, and 81.6%, respectively. On the other
hand, resistance was lowest for the antibiotics
chloramphenicol and cephalothin, with rates of
3.9 and 1.8%, respectively.
During the period in which this study was

conducted, approximately 7% of the urine speci-
mens collected from patients were found to

TABLE 2. Summarya of enzymatic activities of 228 cultures of S. epidermidis according to biotype

%7 Positive reactions for cultures in biotype:
Test

1(145)P 2(4) 3(30) 4(46)

DNase, urease, gelatinase, casinease, and lysozyme 53.5' 10.0 40.0 26.5
Lipolysis of tweens 20, 40, 60. and 80 64.7 56.3 51.7 47.8
Hemolysis by alpha-, beta-, and delta-hemolysin 23.6 12.5 20.9 22.3

a Individual reactions of tests in each group available upon request.
h Number in parentheses indicates number of cultures in biotype.
('Average of individual positive reactions within each group of tests.

TABLE 3. Summary of enzymatic activities of 228 cultures of S. epidermidis according to clinical source

1% Positive reactions for cultures from:"
Test Urine Wound Blood NP Abscess UG Skin Eye Miscel-

(90)h (27) (17) (17) (21) (18) (14) (8) la(n16)us

DNase, urease, gel- 42.9' 48.9 54.1 51.8 39.1 48.9 47.1 42.5 45.0
atinase, casei-
nase. and lyso-
zyme

Lipolysis of tweens 54.5 63.9 53.0 72.1 67.9 73.6 57.1 50.0 50.0
20, 40, 60, and 80

Hemolysis by 23.1 24.1 23.5 22.1 20.3 23.6 19.6 25.0 20.3
alpha-, beta-,
and delta-hemo-
lysin

a NP, Nasopharvngeal; UG, urogenital.
Number in parentheses indicates number of cultures in source.
Average of individual positive reactions within each group of tests.

TABLE 4. Antibiotic resistance of 228 cultures of S. epidermidis according to biotype

e7 Resistant cultures in biotvpe:
Antibiotic

1 (145)a 2 (4) 3 (30) 4 (46) Totalh

Streptomycin 20.7 25 20.0 21.7 20.6
Kanamycin 15.2 0 16.7 23.9 17.1
Chloramphenicol 3.5 0 3.3 4.3 3.9
Cephalothin 0.7 0 0 6.5 1.8
Lincomycin 8.3 25 10.0 28.3 12.7
Erythromycin 21.4 0 30.0 36.9 25.0
Tetracycline 57.9 0 46.7 56.5 54.8
Ampicillin 78.6 25 53.3 54.4 69.3
Penicillin G 86.9 100 66.7 73.9 81.6
Methicillin 8.9 0 13.3 26.1 13.2

Number in parentheses indicates number of cultures in biotype.
Includes three cultures unclassified as to biotype.
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contain S. epidermidis. Because of the difficulty
in determining the role of this organism as an

etiological agent, the laboratory and clinical
data of 80 patients selected at random were

analyzed. Three states of clinical significance
were established: urinary tract infection (UTI),
indeterminate UTI, and negative UTI. Three
findings were required for a UTI: (i) symp-

tomology, including local pain, dysuria, or fre-
quency; (ii) pyuria consisting of > 10 leuko-
cytes/high-power field; and (iii) either the pres-

ence in urine of S. epidermidis in pure culture in
numbers > 105/ml or in mixed culture in two or

more specimens in numbers > 104/ml. Indeter-
minate UTI consisted of the presence of any two
of the above three findings, whereas negative
UTI consisted of the presence of either one or

none of the above findings. Organisms in bi-
otype 1 were the most common organism for all
states of clinical significance and were found in
18 (66.7%) of the 27 patients who had a UTI
according to our criteria (Table 5). In all, 27
(33.8%) of the 80 urine isolates of S. epidermidis
were associated with a UTI.

DISCUSSION

The biotyping scheme of Baird-Parker ap-

plied to cultures of S. epidermidis in the hospi-
tal environment has shown that organisms in
biotype 1 are the most commonly found sub-
group in hospitalized patients (Table 1). The
large number of organisms of biotype 1 in urine
is in agreement with others (14, 18), whereas we

failed to find many organisms of biotype 2. The
occurrence of different biotypes in all categories
of clinical sources precludes the use of biotyping
in epidemological studies, although biotyping
has been useful in studies of the distribution of
subgroups of S. epidermidis in nature and
might be helpful in investigating a possible
common source outbreak of S. epidermidis

infections (4, 5). The bacteriophages specific for
S. epidermidis isolated by Verhoef and co-work-
ers (23) have not proven useful for identification
of strains isolated in this country by us (unpub-
lished data) and by others (13). Our laboratory
is currently isolating phages from cultures em-

ployed in this study for use as typing phages in
epidemiological studies (15).

It is well known that S. epidermidis produces
a number of virulence factors that resemble
those produced by S. aureus (8, 12). Although
the production of coagulase is the most reliable
test for pathogenicity, it is generally accepted
that the ability of S. aureus to produce disease
results from a combination of microbial viru-
lence factors and host resistance. Since parame-

ters for the identification of potentially patho-
genic cultures of S. epidermidis have not been
established, one aim of this study was that the
production of virulence factors by cultures from
hospitalized individuals would prove valuable
in assessing the implication of isolation of
certain biotypes from compromised hosts. Orga-
nisms in biotype 1 were the most enzymatically
active (Table 2), and Baird-Parker's biotypes
might serve to distinguish between the harmless
saprophytes of this species and those more

potentially capable of producing disease. In-
deed, biotype 1 has been found more often than
other biotypes in UTIs (14), endocarditis (21).
colonization of' artificial internal protheses (9),
and in the lesions of acne (20). Although Baird-
Parker has reported that certain members of'
biotype 1 are more potentially pathogenic than
others, no tests to identify these were recom-

mended (5).
It has been reported (18) that organisms in

biotype 1 were significantly more active in the
production of urease, and this is in agreement
with our results (not shown). The importance of'
this enzyme in the pathogenesis of UTIs has been

TABLE 5. Clinical significance of 80 bacteriuric cultures of S. epidermidis according to biotype

Clinical Pure or mixed No. and
"

of cultures in biotype:
significance culture 1[49] 2[1] 3[9J 4[21]

UTI Pure 4 0 2 0
Mixed 14 0 1 6

Total 18 (36.7)b 0 3 (33.3) 6 (28.6)
Indeterminate UTI Pure 6 0 0 2

Mixed 5 0 1 4
Total 11 (22.4) 0 1 (11.1) 6 (28.6)

Negative UTI Pure 15 0 2 5
Mixed 5 1 3 4

Total 20 (40.8) 1 (100) 5 (55.6) 9 (42.9)

a Number in brackets indicates number of cultures in biotype.
Number in parentheses indicates percentage of cultures with specified clinical significance.
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considered for other bacterial species (18). In-
terestingly, the incidence of urease production
was the lowest for the urinary isolates in our
study. It also has been reported (9) that the
production of lysozyme is more frequent among
isolates from the urinary tract. However, the
production of this enzyme was among the lowest
for this group of isolates in our study (not
shown). Interestingly, cultures from urine were
among the least enzymatically active (Table 3).
Although the ability of S. epidermidis to pro-
duce lipases has been implicated in the patho-
genesis of acne (19). this activity was not high in
cultures isolated f'rom the skin in this investiga-
tion, although it must be stressed that cultures
in our study were not from individuals with
acne. That delta-hemolysin is the most common
hemolysin produced by S. epidermidis (10) is in
agreement with our findings in which 81.1%. of
our cultures produced this hemolysin (not
shown). The percentage (76.3%) of cultures
sensitive to lysostaphin in our study agrees with
that obtained by others (17) and conf'irms that
lysis by this enzyme may be useful to distin-
guish staphylococci from micrococci, but is not
sensitive enough to be used alone.
We reported the greater resistance to antibi-

otics of' S. epidermidis as compared to S. aureus
earlier (12), and the resistance observed in this
study make it imperative that coagulase-nega-
tive isolates be tested caref'ully in the laboratory
prior to administration of' an antibiotic. Al-
though some individual dif'ferences in resistance
were observed with the diff'erent biotypes. no
consistent pattern was apparent (Table 4). The
rates of resistance of S. epidermidis to ampicil-
lin and penicillin observed in our laboratory are
sonmewhat higher than those reported to exist
nationally at the time the cultures were col-
lected (2); such discrepancies may conceivably
be due to geographical variation, as suggested
by Pulverer et al. (16).
The results in Table 5 show that organisms in

biotype 1 were most commonly associated with
UTI. The incidence of' the dif'ferent biotypes in
urine (Table 1) is similar to the incidence of'
different biotypes causing UTI (Table 5). It can
be seen that one-third of' the 80 bacteriuric
cultures of' S. epidermidis selected at random
were associated with a UTI. In view of' this, the
presence of this organism in the approximately
700 urine cultures collected during the period of'
this investigation takes on added signif'icance.
Using the technique of' suprapubic bladder
aspiration, Bailey reported recentlv (3) that S.
epidermidis was a frequent urinary tract patho-
gen in sexually active woman and that its

presence in urine should not always be consid-
ered as an insignificant contaminant. The ubiq-
uitous nature of this organism and the presence
of' certain biotypes more active in the produc-
tion of virulence f'actors warrant increased con-
sideration of' S. epidermidis as an opportunistic
pathogen, especially among compromised hosts
in a hospital environment.
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