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Species identification of coagulase-negative staphylococci often requires the
determination of novobiocin susceptibility. Although previous investigators have
recommended the use of P agar for this purpose, most clinical laboratories do not
routinely utilize this medium. For this reason, studies were performed to compare
novobiocin susceptibility results obtained with 11 different species of staphylo-
cocci (10 isolates of each species), using P agar, Trypticase soy agar with 5%
sheep blood, and Mueller-Hinton agar. Tests performed on 70 susceptible isolates
(minimal inhibitory concentration <1.6 ,ug/ml) resulted in zones of inhibition
around 5-,ug novobiocin disks ranging from 19.6 to 33.9, 16.2 to 26.6, and 21.3 to
36.4 mm on P agar, Trypticase soy agar with 5% sheep blood, and Mueller-Hinton
agar, respectively. Forty resistant isolates (minimal inhibitory concentration .1.6
ug/ml) exhibited zones of inhibition ranging from 6.0 to 11.3 mm on P agar, 6.0 to
11.6 mm on Trypticase soy agar with 5% sheep blood, and 6.0 to 13.5 mm on
Mueller-Hinton agar. Using the established cut off of 16 mm to define novobiocin
resistance for the identification of coagulase-negative staphylococci, we correctly
identified 100% of the strains tested, regardless of the media utilized.

Coagulase-negative staphylococci, once all
identified as Staphylococcus epidermidis by
clinical microbiologists, have recently been clas-
sified into 12 distinct species (5). Representa-
tives of many of these species have been docu-
mented as etiological agents in urinary tract
infections (4, 9, 12, 13), infections of indwelling
intravenous catheters (2) and prosthetic devices
(10), as well as in bacteremia in cancer patients
(3). Because of this, clinical microbiologists are
now faced with the integration into their daily
laboratory practice of methods to identify these
organisms.
Most accepted methods to identify coagulase-

negative staphylococci, such as the simplified
Kloos and Schleifer scheme (6) and the Staph-
Ident System (Analytab Products, Plainview,
N.Y.) (8), require the use of novobiocin suscep-
tibility for a complete species level identification
for a percentage of organisms tested. Previous
investigators (6) have suggested two methods for
testing novobiocin susceptibility for staphylo-
coccal identifications. One method is to streak
organisms onto P agar (PA) plates containing 1.6
,ug of novobiocin per ml incorporated into the
agar (6). Organisms capable of growth on this
medium are considered novobiocin resistant.
The second technique entails estimating novobi-

ocin susceptibility by using a 5-,ug novobiocin
disk on an inoculated PA plate (6). Strains that
exhibit zones of inhibition of 5 mm or less from
the edge of the disk (zone of inhibition .16 mm)
are considered to be resistant to 1.6 ,ug of
novobiocin per ml. Unfortunately, neither dehy-
drated PA nor prepared PA plates are commer-
cially available. Also, clinical laboratories do
not routinely utilize this medium for any other
purpose. Therefore, clinical microbiologists
wishing to identify coagulase-negative staphylo-
cocci must either prepare PA plates in their
laboratories or test for novobiocin on a substi-
tute agar contrary to the recommended tech-
nique (7).
The present investigation was undertaken to

assess the utility of two media routinely used in
clinical microbiology laboratories, Trypticase
soy agar (BBL Microbiology Systems, Cockeys-
ville, Md.) with 5% sheep blood (BA) and
Mueller-Hinton agar (MH; BBL), for testing
novobiocin susceptibility for the identification of
coagulase-negative staphylococci. For this pur-
pose, 10 representatives of each of seven sus-
ceptible coagulase-negative species and four re-
sistant species were tested simultaneously on
PA, BA, and MH and the results were com-
pared.
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MATERIALS AND METHODS

Staphylococcal isolates. Organisms consisted of 10
isolates each of 11 different species of staphylococci
listed in Tables 1 and 2. These bacteria were selected
from clinical isolates submitted to API Diagnostic
Laboratories from various laboratories throughout the
United States and Canada for confirmation of identifi-
cation. In addition, several strains were obtained
courtesy of W. E. Kloos, North Carolina State Uni-
versity, Raleigh, N.C. Staphylococcus hyicus and
Staphylococcus intermedius were not included since
to date these species have not been associated with
human disease. All organisms were identified by using
the Staph-Ident System as well as the Kloos and
Schleifer (6) simplified scheme for the identification of
staphylococci. Isolates were stored at -70°C in 15%
glycerol broth.

Novobiocin testing. Initially, isolates were classified
as susceptible or resistant to novobiocin by determin-
ing the ability of the isolate to grow on PA containing
1.6 ,ug of novobiocin per ml. (Sigma Chemical Co., St.
Louis, Mo.) (6). PA was prepared as previously de-
scribed (14). For the purposes of this investigation,
isolates frozen at -70°C in 15% glycerol broth were
subcultured onto BA and incubated at 35 to 37°C for 18
h. Organisms, after two additional subcultures on BA,
were inoculated into 5 ml of Trypticase soy broth, and
the turbidity was adjusted to equal a McFarland 0.5
standard. The resultant suspension was then used to
simultaneously inoculate PA, BA, and MH in accord-
ance with the National Committee for Clinical Labora-
tory Performance Standardfor Antimicrobic Disk Sus-
ceptibility Tests (11) in sterile 100-mm petri dishes (20
ml per dish) as well as MH in 150 mm plates (60 ml per
dish). A 5 ,ug novobiocin disk (BBL) was applied to
each plate 10 min after inoculation. Plates were then
incubated at 35 to 37°C for 18 h and removed from the
incubator, and zones of inhibition around disks were
measured to the nearest tenth of a millimeter with the
aid of a sliding caliper.
Data analysis. Zones of inhibition for each isolate

obtained on PA were compared with those obtained on
BA and MH. In addition, results obtained on BA were
compared to those obtained on MH. MH results
obtained in 100- and 150-mm agar plates were also
compared. Significant differences in zones of inhibi-
tion among different media were calculated by using
the paired t test. Moreover, use of results for identifi-
cation of the isolate in question was assessed on the

basis of the accepted cutoff of a 16-mm zone of
inhibition to define resistance (6).

RESULTS

Results obtained for each staphylococcal spe-
cies on each medium are summarized in Tables 1
and 2. The mean zone diameters (± standard
deviation) obtained for susceptible species were
24.8 ± 2.3, 20.9 + 1.3, and 27.2 ± 2.0 mm on

PA, BA, and MH, respectively. Since no signifi-
cant differences in zone sizes were found by
using MH in 100- and 150-mm dishes, only data
obtained in 100-mm plates are included. Zones
of inhibition for each susceptible isolate (Table
2) were significantly larger on PA and MH than
on BA (P > 0.05). No significant difference in
zones was found between results obtained on
PA and MH. S. epidermidis isolates tested on
BA gave the smallest zones of inhibition.
Regardless of the differences noted, when 16
mm was utilized as the cutoff to define novobio-
cin resistance for the identification of these
species, all isolates were correctly interpreted as
susceptible.

Resistant strains tested (Table 2) were also
identified as such by utilizing a 5-,ug novobiocin
disk and the 16-mm cutoff to define resistance.
Isolates gave the most consistent results when
tested on PA. Three of the four novobiocin-
resistant species (Staphylococcus cohnii, Staph-
ylococcus saprophyticus, and Staphylococcus
xylosus) showed no zone size variation when
tested on PA. Testing of all isolates of these
species resulted in no zone of inhibition around
novobiocin disks. To the contrary, these same
isolates produced zones of inhibition ranging
from 6.0 to 11.5 mm and 6.0 to 13.5 mm when
tested on BA and MH, respectively. Unlike the
results obtained for susceptible strains, results
obtained on PA were significantly different (P >
0.05) from those obtained with the same isolates
on BA and MH. Furthermore, results obtained
with resistant strains on BA and MH were not
significantly different.

TABLE 1. Zone diameters of novobiocin-susceptible coagulase-negative staphylococci on different mediaa
Zones of inhibition (mm)

Organism PA BA MH

Mean + SD Range Mean + SD Range Mean + SD Range

S. aureus 27.0 + 1.2 25.3-28.5 20.3 ± 0.8 19.0-21.8 28.2 ± 1.1 25.7-29.5
S. capitis 22.7 ± 1.7 19.8-25.1 21.1 ± 1.3 19.4-23.0 26.6 ± 2.6 23.6-31.6
S. epidermidis 27.9 ± 4.0 21.8-33.9 23.5 ± 3.4 16.2-26.6 31.0 ± 3.8 23.0-36.3
S. haemolyticus 24.7 ± 2.5 19.8-28.2 19.4 ± 1.8 17.7-23.7 26.7 ± 3.8 24.3-36.4
S. hominis 22.0 ± 1.8 19.6-25.0 20.5 ± 1.6 18.8-23.5 24.6 ± 2.5 21.3-29.7
S. simulans 26.1 ± 2.6 21.7-29.2 20.2 ± 1.8 17.5-22.3 27.5 ± 2.7 23.3-32.3
S. warneri 23.3 ± 1.7 21.3-26.8 21.3 ± 1.5 19.3-24.2 26.0 ± 1.6 23.0-28.7

a Minimal inhibitory concentration <1.6 ,ug/ml.
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TABLE 2. Zone diameters of novobiocin-resistant coagulase-negative staphylococci on different mediaa
Zones of inhibition (mm)b

Organism PA BA MH

Mean ± SD Range Mean ± SD Range Mean ± SD Range

S. cohnii 6.0 ± 0.0 6.0 6.2 ± 0.6 6.0-7.8 6.2 ± 0.7 6.0-8.3
S. saprophyticus 6.0 ± 0.0 6.0 6.0 ± 0.0 6.0 7.6 ± 0.9 6.0-8.6
S. sciuri 6.9 ± 1.7 6.0-11.3 9.6 ± 1.9 6.0-11.6 8.4 ± 2.3 6.0-11.5
S. xylosus 6.0 ± 0.0 6.0 6.6 ± 1.7 6.0-11.5 7.0 ± 1.6 6.0-13.5

a Minimal inhibitory concentration <1.6 ,ug/ml.
b The average mean ± standard deviation for each medium is: PA, 6.2 ± 0.5; BA, 7.1 ± 1.7; MH, 7.3 ± 0.9.

Several Staphylococcus sciuri isolates exhib-
ited some degree of susceptibility to novobiocin
on all three media. In addition, one S. xylosus
isolate resulted in zones of inhibition of 6.0 mm
when tested on PA but 11.5 and 13.5 mm on BA
and MH, respectively. Regardless of these vari-
ations on different media, all resistant strains
tested resulted in zones of inhibition of less than
16 mm and therefore were assessed as resistant
by the novobiocin disk method.

DISCUSSION
Although previous investigators (4, 5, 6, 7)

have recommended the use of PA for the deter-
mination of novobiocin resistance in coagulase-
negative staphylococci, this medium is not com-
mercially available nor used routinely by most
clinical microbiology laboratories. Laboratories
identifying coagulase-negative staphylococci are
either preparing PA plates in-house or testing for
novobiocin resistance by methods other than
those recommended in the Manual of Clinical
Microbiology (7). For this reason, it is impera-
tive that data be generated on media routinely
utilized in clinical laboratories, such as BA and
MH, to determine the validity of test determina-
tions of novobiocin resistance on these media.
Most investigators working with coagulase-

negative staphylococci have utilized PA for the
determination of novobiocin susceptibility ac-
cording to the methods proposed by Kloos and
Schleifer (6). One British laboratory early in
1979 (12) reported on the use of Mueller-Hinton
agar, Wellcotest sensitivity agar (Wellcome Re-
agents; Ltd., London, England), and Iso-Sensi-
test agar (Oxoid, Basingstoke, England) for test-
ing S. saprophyticus strains isolated from
patients with urinary tract infections. These
investigators demonstrated that testing novobio-
cin-susceptible coagulase-negative staphylococ-
ci yielded zones of inhibition measuring 8 mm or
more from the edge of a 6-mm 5-,ug novobiocin
disk (zone of inhibition .22 mm). Using this
criterion, 53 of 70 susceptible strains tested in
the present investigation would have been mis-
identified. More recently, Almeida and Jorgen-

sen (1) reported on the use ofMH as a substitute
for PA in the determination of novobiocin sus-
ceptibilities for the species identification of co-
agulase-negative staphylococci. Using the 16-
mm zone size criterion of Kloos and Schleifer to
define novobiocin susceptibility in these orga-
nisms, these investigators demonstrated a 99%
agreement between tests performed on PA and
MH. Unfortunately, although several species of
coagulase-negative novobiocin-susceptible spe-
cies were represented in this investigation, data
on resistant strains were limited to only one
species, S. saprophyticus.

In the present study, results obtained for
novobiocin susceptibilities on PA were com-
pared with those obtained on both MH and BA.
Representatives of seven susceptible species
and four resistant species were tested. Results
obtained with sensitive strains indicated signifi-
cant differences between zone sizes obtained on
PA and BA as well as between MH and BA.
Zones of inhibition on BA were consistently
smaller than those obtained on either PA or MH.
Regardless of these differences, all susceptible
strains tested yielded zones of inhibition >16
mm on all media tested. Therefore, all were
correctly identified as susceptible by this meth-
od. One S. epidermidis strain gave a zone of
inhibition of 16.2 mm when tested on BA, which
might have been misinterpreted as resistant as a
result of subjective differences in the measure-
ment of individual zone diameters in this disk
diffusion test. Forty resistant strains represent-
ing four different species were also tested. Inter-
estingly, with these isolates, results on PA were
significantly different than those on BA or MH,
which did not differ from one another. Again,
regardless of these differences, since the small-
est zone size exhibited with a susceptible strain
was 16.2 mm and the largest zone obtained with
a resistant strain was 13.5 mm (difference of 2.7
mm), strains were correctly identified when us-
ing the 16-mm cutoff.

In summary, clinical laboratories identifying
coagulase-negative staphylococci must often
perform a novobiocin susceptibility test for a
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species level identification for a proportion of
isolates tested. Results of the present investiga-
tion found both MH and BA to be satisfactory
for this purpose as long as the accepted 16-mm
cutoff is utilized as the interpretative standard to
judge resistance.
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