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Staphylococcus aureus and Staphylococcus saprophyticus are the most common and most impor-

tant  staphylococcal species associated with urinary tract infections. The objective of the

present study was to compare and to evaluate the accuracy of four phenotypic methods

for  the detection of beta-lactamase production in Staphylococcus spp. Seventy-three strains

produced a halo with a diameter ≤28 mm (penicillin resistant) and all of them were positive

for  the blaZ gene. Among the 28 susceptible strain (halo ≥29 mm), 23 carried the blaZ  gene

and  five did not. The zone edge test was the most sensitive (90.3%), followed by MIC  determi-

nation (85.5%), but the specificity of the former was low (40.0%). The nitrocefin test was the

least  sensitive (28.9%). However, the nitrocefin test together with the disk diffusion method

showed the highest specificity (100%). The present results demonstrated that the zone edge

test was the most sensitive phenotypic test for detection of beta-lactamase, although it is

still not an ideal test to detect this type of resistance since its specificity was low. However,

the inhibition halo diameter of the penicillin disk can be used together with the zone edge

test  since the same disk is employed in the two tests. Combined analysis of the two tests

shows a sensitivity of 90.3% and specificity of 100%, proving better sensitivity, especially for

S.  saprophyticus. This is a low-cost test of easy application and interpretation that can be used

in  small and medium-sized laboratories where susceptibility testing is usually performed

by  the disk diffusion method.
©  2016 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

s arti
an  open acces
∗ Corresponding author at: Departamento de Microbiologia e Imunolog
rof.  Dr. Plínio Pinto e Silva s/n, Distrito de Rubião Júnior, Botucatu, São

E-mail: cunhamlr@ibb.unesp.br (M.L. Cunha).
ttp://dx.doi.org/10.1016/j.bjm.2016.10.011
517-8382/© 2016 Sociedade Brasileira de Microbiologia. Published by E
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
cle under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

ia, Instituto de Biociências, UNESP- Univ Estadual Paulista, Rua
 Paulo, Brasil. CEP 18618-691. Tel.: +551438800428.

lsevier Editora Ltda. This is an open access article under the CC
.

dx.doi.org/10.1016/j.bjm.2016.10.011
http://www.bjmicrobiol.com.br/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bjm.2016.10.011&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:cunhamlr@ibb.unesp.br
dx.doi.org/10.1016/j.bjm.2016.10.011
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 i c r o
160  b r a z i l i a n j o u r n a l o f m

Introduction

The most common etiological agents involved in urinary
tract infections (UTIs) include enterobacteria, non-fermenting
Gram-negative bacilli, fungi, enterococci, and staphylococci.
Staphylococcus aureus and Staphylococcus saprophyticus are the
most common and most important staphylococcal species
associated with UTIs; however, other coagulase-negative
staphylococci have gained importance in recent years.

S. saprophyticus is the second most common causative agent
of acute UTI in the community after Escherichia coli and is iso-
lated mainly from urine of sexually active young women,1,2

causing symptoms that are undistinguishable from those
induced by E. coli. Cases of sepsis and pyelonephritis caused
by this microorganism have also been reported.3,4

The occurrence of penicillin resistance in S. aureus iso-
lates recovered from hospitalized patients has been reported
shortly after the introduction of penicillin in 1941.5,6 At the
beginning of the 1970s, resistance to penicillin became com-
mon  among nosocomial S. aureus isolates (85–90%) and shortly
thereafter penicillinase-producing strains rapidly spread in
the community.7–9 Today, more  than 90% of S. aureus strains
isolated from humans are resistant to penicillin.10–12

Penicillin resistance in staphylococci is mediated by the
production of a penicillinase encoded by the blaZ gene,
which inactivates penicillin by hydrolysis of the beta-lactam
ring.13 Four types of penicillinases (A–D) have been described
in S. aureus, all of them belonging to Ambler class A
beta-lactamases.14,15 Penicillinases type A, C and D are
usually plasmid encoded, while type B is located on the
chromosome.16,17

Penicillin-susceptible staphylococci are susceptible to
all beta-lactam antibiotics. Penicillin-resistant, oxacillin-
susceptible strains are resistant to penicillinase-labile peni-
cillins, but are susceptible to other penicillinase-stable peni-
cillins, beta-lactam/beta-lactamase inhibitor combinations,
cephems, and carbapenems. Oxacillin-resistant staphylococci
are resistant to all currently available beta-lactam antibiotics,
except for new cephalosporins with anti-MRSA activity (cef-
taroline and ceftobiprole).

At present, most staphylococci, either coagulase positive
or coagulase negative, are resistant to penicillin G, as well as
to penicillin V, ampicillin, amoxicillin, and carbenicillin.18,19

Penicillin susceptibility testing of staphylococcal isolates is
performed in most laboratories by the agar disk diffusion.
The Clinical and Laboratory Standards Institute20 defines
penicillin susceptibility as a minimum inhibitory concen-
tration (MIC) of penicillin ≤0.12 �g/mL or as the formation
of an inhibition halo ≥29 mm by the disk diffusion method
(Kirby-Bauer), in combination with a negative result in the
chromogenic cephalosporin assay (nitrocefin disk) for detec-
tion of beta-lactamase production. Although the disk diffusion
and nitrocefin tests are accepted as methods for determining
penicillin susceptibility, studies suggest that these methods
do not reliably detect beta-lactamase production.21,22
Other methods that have been proposed to improve
the sensitivity of beta-lactamase detection in staphylococci
include the clover-leaf test23–26 and observation of the appear-
ance of the inhibition zone edge around penicillin G disks
 b i o l o g y 4 8 (2 0 1 7) 159–166

(zone edge test). However, little information about the reli-
ability of the latter phenomenon is available,21,27 especially
for coagulase-negative staphylococci.

In 2012, the CLSI28 started to recommend the zone edge
test. This test was found to be more  sensitive than the nitro-
cefin method in detecting beta-lactamase production in S.
aureus when only one test was performed. However, laborato-
ries could choose to perform first the nitrocefin test and, if the
test were positive, to report the isolate to be beta-lactamase
positive or penicillin resistant. If the nitrocefin test were neg-
ative, the zone edge test should be performed before reporting
an isolate to be penicillin susceptible.

In view of the high prevalence of penicillin resistance
among staphylococci, penicillin is rarely used as antistaphy-
lococcal treatment mainly UTIs, where there are several other
antimicrobial agents that may be used. However, little infor-
mation about these tests is available for coagulase-negative
staphylococci and better assessment of the detection of
beta-lactamase production in these species is required. The
objective of the present study was to compare and to evalu-
ate the accuracy of the following four phenotypic methods for
the detection of beta-lactamase production in Staphylococcus
spp.: appearance of the inhibition zone edge around the peni-
cillin G disk, disk diffusion, MIC  determination, and nitrocefin
disk test. Detection of the blaZ gene by the polymerase chain
reaction (PCR) was used as a reference.

Materials  and  methods

Strains

One hundred one Staphylococcus spp. strains isolated from
urine samples of patients seen in wards, outpatient clinics,
the emergency department and several health centers of Botu-
catu and region were used in this study. The isolates were sent
to the Laboratory of Microbiology of the University Hospital
(HC), Botucatu Medical School (FMB), between March 10 and
November 14, 2008. The project was approved by the Ethics
Committee of FMB, UNESP (Of.-416/08-CEP).

Inclusion  and  exclusion  criteria

Patients of both genders and all ages, whose urine cultures
were positive for Staphylococcus spp. and considered compati-
ble with UTI, with a colony-forming unit count (CFU) ≥105 per
mL urine according to the criteria of Kass,29 were included in
the study.

Strains isolated from urine catheters, suprapubic punc-
tures and positive urine cultures containing <105 CFU/mL were
excluded.

Sample  size  calculation

The sample size was calculated using the formula of Fisher
and Belle,30 adopting a 95% confidence interval and precision

of 5% for the expected prevalence of patients with UTI. The
proportion of patients with UTI caused by Staphylococcus spp.,
which was 5% in a study conducted at the Laboratory of Micro-
biology of HC-FMB, was used as a basis.
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Although the sample size calculation indicated 73 isolates
s the minimum number, all Staphylococcus spp. strains iso-
ated during the study period, which met  the inclusion and
xclusion criteria, were used. A total of 101 isolates were thus
ncluded.

ucleic  acid  extraction

otal nucleic acid was extracted from Staphylococcus spp.
trains cultured on blood agar, individually inoculated into
HI broth, and incubated at 37 ◦C for 24 h. The Illustra Kit (GE
ealthcare, Chalfont, England) was used for extraction accord-

ng to manufacturer recommendations and the extracted DNA
as stored under refrigeration at −20 ◦C.

enotypic  identification  of  Staphylococcus  spp.

he Staphylococcus spp. isolates were submitted to genotypic
dentification using primers targeting conserved sequences
djacent to the 16S and 23S genes. This method described by
arry et al.31 and Couto et al.32 is known as internal transcribed
pacer-polymerase chain reaction (ITS-PCR). The technique
as carried out as described by Couto et al.32 using primers
1 (5′-GAA GTC GTA ACA AGG-3′) and L1 (5′-CAA GGC ATC
AC CGT-3′).

ntimicrobial  susceptibility  testing  by  the  disk  diffusion
ethod

he susceptibility profile to penicillin G 10 UN (Oxoid,
asingstoke, England) was evaluated using the criteria recom-
ended by the CLSI.20

For inoculum preparation, a direct suspension of colonies
pure 24-h culture) in 0.9% saline (Fresenius Kabi, Aquiraz,
razil), corresponding to a 0.5 McFarland turbidity standard,
as used. After homogenization of the suspension, a ster-

le swab was pressed against the inner wall of the tube
or removal of excess inoculum and seeded in four differ-
nt directions onto the surface of Mueller–Hinton agar plates
Oxoid, Basingstoke, England). The plates were left to stand for
–15 min  at room temperature to allow complete absorption of
he inoculum by the agar before application of the disks. The
lates were incubated for 24 h at 35 ◦C and the penicillin inhi-
ition halos were measured after this period by illuminating
he surface with reflected light.

etermination  of  the  minimum  inhibitory  concentration  of
ntimicrobials

he MIC  against the S. aureus and coagulase-negative staphy-
ococcal isolates was determined using E-test® strips (AB
iodisk, Solna, Sweden) for penicillin G at an MIC interval
f 0.002–32.0 �g/mL. The procedures of inoculum preparation,
lating and incubation were the same as those described

or the disk diffusion method. The MIC  was determined at
he point of intersection between the strip’s scale and the
llipse of the zone of bacterial growth inhibition. Values
0.12 �g/mL and ≥0.25 �g/mL were defined as susceptible and
o l o g y 4 8 (2 0 1 7) 159–166 161

resistant, respectively.20 Strains exhibiting MICs >0.12 �g/mL
and <0.25 �g/mL were considered resistant.

Nitrocefin  disk  test  for  detection  of  beta-lactamase
production

Production of beta-lactamase was detected using disks
impregnated with nitrocefin (chromogenic cephalosporin)
(Becton Dickinson, Sparks, USA). The test is based on the
release of a chromogenic radical, which causes a color change
when the beta-lactam ring is broken open by the action of
beta-lactamase.

The disk was moistened with one or two  drops of ster-
ile distilled water and deposited near an oxacillin E-test®

strip on a culture previously incubated for 24 h at 35 ◦C on
a Mueller-Hinton agar plate. The disks were analyzed after
5 min. A positive reaction was defined by the development
of a red color and a negative reaction by the lack of color
change. In the case of beta-lactamase-negative strains, the
reaction was reexamined after 1 h according to manufacturer
recommendations. Positive (S. aureus ATCC 33591) and nega-
tive (Staphylococcus xylosus ATCC 29979) control strains were
included.

Zone  edge  test  for  detection  of  beta-lactamase  production

The production of beta-lactamase was evaluated based on the
appearance of the inhibition zone edge around the penicillin
G disk (Oxoid, Basingstoke, England) obtained by the disk dif-
fusion method. The test was defined as negative when the
appearance of the edge was fuzzy like a “beach” and as positive
when the edge was sharp like a “cliff”.20

Detection  of  the  blaZ  gene  by  PCR

The PCR mixtures contained, in a total volume of 50 �L,
200 �M of each dNTP, 1 �M of each primer (stau-blaZ-
forward: 5′-CAAAGATGATATAGTTGCTTATTCTCC-3′ and stau-
blaZ-reverse: 5′-TGCTTGACCACTTTTATCAGC-3′), 10 �L DNA,
1.25 U Taq polymerase (GE Healthcare, München, Germany),
and reaction buffer provided by the manufacturer. Ampli-
fication was carried out in a PTC-100TM thermocycler (MJ
Research, Watertown, USA) using the parameters described by
Kaase et al.15: initial denaturation at 94 ◦C for 5 min, followed
by 35 cycles at 94 ◦C for 30 s, 50 ◦C for 30 s and 72 ◦C for 30 s,
and a final extension at 72 ◦C for 7 min.

The reaction was positive when a 421-bp DNA fragment
was observed. blaZ-positive (S. aureus ATCC 29213) and nega-
tive (S. aureus ATCC 25923) reference strains were included in
all reactions.

Results

Among the 101 isolates analyzed by ITS-PCR, 57 were iden-
tified as S. saprophyticus,  17 as S. aureus,  16 as Staphylococcus

epidermidis, eight as Staphylococcus haemolyticus, two  as Staphy-
lococcus warneri, and one as Staphylococcus lugdunensis.

Twenty-eight (27.7%) isolates were susceptible to penicillin
by the disk diffusion method and 16 (15.8%) by the E-test®
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Fig. 1 – Resistance to penicillin by the disk diffusion

contrast, the zone edge test showed low specificity (40%) and
method and E-test®.

(Fig. 1). The 73 remaining isolates (72.3%) were resistant to
penicillin by the disk diffusion method, with an inhibition
halo ≤28 mm and MIC  ≥0.12 �g/mL, except for four isolates
that exhibited MIC  ≤0.12 �g/mL. The zone edge test identified

three false-positive isolates and eight false-negative isolates
among the 88 strains studied. Thirteen isolates could not be
evaluated due to the lack of formation of an inhibition halo.

Fig. 2 – Positive zone edge test for the detection 

Fig. 3 – Negative zone edge test for the detection
 b i o l o g y 4 8 (2 0 1 7) 159–166

Among the 28 isolates susceptible to penicillin by the
disk diffusion method, 22 (78.6%) were S. saprophyticus,  three
(10.7%) were S. aureus,  two (7.1%)were S. epidermidis,  and one
(3.6%) was S. lugdunensis.

The nitrocefin method detected beta-lactamase production
in only one (4.5%) S. saprophyticus isolate among the 28 iso-
lates susceptible to penicillin by the disk diffusion method;
however, the zone edge test was positive in 18 (81.8%) (Fig. 2).
Fifteen (68.2%) S. saprophyticus isolates were resistant to peni-
cillin by the E-test® and 19 carried the blaZ gene. Three isolates
S. aureus and two S. epidermidis were susceptible to penicillin by
the two methods (disk diffusion and E-test®) and tested neg-
ative in the nitrocefin and zone edge tests (Fig. 3). However,
three isolates carried the blaZ gene (two S. aureus and one S.
epidermidis). The S. lugdunensis was resistant to penicillin only
by E-test® and blaZ gene positive although tested negative in
the nitrocefin and zone edge tests (Table 1).

Seventy-three isolates exhibited a halo diameter ≤28 mm
(resistant) for penicillin and all of them were positive for
the blaZ gene (Fig. 4). Among the 28 susceptible isolates
(halo ≥29 mm),  23 carried the blaZ gene and five did not
(Fig. 5).

As can be seen in Table 2, the zone edge test was the most
sensitive (90.3%), followed by MIC determination (85.5%). In
the nitrocefin test was the least sensitive (28.9%). The high-
est specificity (100%) was observed for the nitrocefin test in
combination with the disk diffusion method.

of beta-lactamase production (sharp edge).

 of beta-lactamase production (fuzzy edge).
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Table 1 – Detection of beta-lactamase production by phenotypic and genotypic methods in isolates that were susceptible
to penicillin by the disk diffusion method.

Penicillin Detection of beta-lactamase production

Disk (mm) MIC (�g/mL) Nitrocefin Zone edge test blaZ

Species ≥29a ≤0.12b ≥0.25c Positive Positive Positive
S. saprophyticus 22 (78.6) 7 (31.8) 15 (68.2) 1 (4.5) 18 (81.8) 19 (86.4)
S. aureus 3 (10.7) 3 (100) 0 (0) 0 (0) 0 (0) 2 (66.7)
S. epidermidis 2 (7.1) 2 (100) 0 (0) 0 (0) 0 (0) 1 (50)
S. lugdunensis 1 (3.6) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100)
Total 28 (100) 12 (42.9) 16 (57.1) 1 (3.6) 18 (64.3) 23 (82.1)

MIC, minimum inhibitory concentration.
a Halo diameter ≥29 mm = susceptible.
b MIC ≤0.12 �g/mL = susceptible.
c MIC ≥0.25 �g/mL = resistant.

bp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

400
300
200
100

Fig. 4 – Agarose gel electrophoresis for detection of the blaZ gene (421 bp) by PCR. Lanes 4–8 and 13–22: positive isolates;
line 9 is positive an 13 is negative: negative isolates; 3: negative 

ATCC 29213); 23: water; 1: molecular weight marker (100 bp).
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Table 2 – Sensitivity and specificity of the methods used for the

Accuracy test Disk diffusion M

Sensitivity (%) 72.2 8
Specificity (%) 100.0 8

MIC, minimum inhibitory concentration.
control (S. aureus ATCC 25923); 2: positive control (S. aureus

Discussion

Although UTIs caused by S. saprophyticus have been docu-
mented, the antimicrobial resistance and dissemination of
this species are not well studied. Today, most of the isolated
staphylococcal species, either coagulase positive or coagulase
negative, are resistant to penicillin. In view of the high preva-
lence of penicillin resistance in staphylococci, this antibiotic
is rarely used as antistaphylococcal treatment. However, pro-
longed treatment with penicillin may be desirable in certain
circumstances, as long as the susceptibility test result is reli-
able.

The best phenotypic method to detect penicillin resistance
in Staphylococcus spp. continues to be a challenge. In this
respect, the CLSI is evaluating recommendations for the detec-

tion of this type of resistance. Several methods have been
proposed to improve the sensitivity of beta-lactamase detec-
tion in staphylococci, including the clover-leaf test, nitrocefin
disk method, and zone edge test. However, little information

 detection of beta-lactamase in Staphylococcus spp.

IC Nitrocefin Zone edge test

5.5 28.9 90.3
0.0 100.0 40.0
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is available regarding the reliability of these tests, especially
in coagulase-negative staphylococci.

In the present study, only 28 (27.7%) of the 101 isolates
analyzed were susceptible to penicillin by the disk diffu-
sion method and 12 (11.8%) by the E-test®. The remaining
73 (72.3%) penicillin-resistant isolates exhibited an inhibition
halo ≤28 mm and MIC  ≥0.12 �g/mL, demonstrating low sus-
ceptibility to this antimicrobial agent. This susceptibility is
even lower when considering that 19 of the 28 susceptible iso-
lates in the disk diffusion test carried the blaZ gene, a fact
impairing any attempt of treatment of UTIs with this antimi-
crobial drug, especially empirical therapy.

Kaase et al.15 studied 197 S. aureus isolates with MIC
≤0.12 �g/mL. Twenty-eight (14.2%) of these isolates were posi-
tive for the blaZ gene, including 20 (71.4%) detected by the zone
edge test and 11 (39.3%) by the nitrocefin test. In the present
study, 12 (11.8%) of the 28 isolates susceptible to penicillin
by the disk diffusion method had MIC  ≤0.12 �g/mL. However,
18 (64.3%) tested positive in the zone edge test and only one
(3.6%) in the nitrocefin method. These values are similar to
those reported by Kaase et al.15 for the zone edge test, but are
lower than those observed by these authors for the nitrocefin
method.

The breakpoint recommended by the CLSI to classify
penicillin-resistant isolates by the disk diffusion method
showed a sensitivity of 72.2%, a value higher than the 57.1%
reported by Kaase et al.15 In this study, the sensitivity of
the nitrocefin test (28.9%) was lower than that obtained by
these authors (39.3%) and by others: 82.0%,33 86.2%,34 95.6%,23

70.8–97.9% depending on the induction method and agar
used,24 and 62.1–100% depending on the manufacturer.26 The
large difference in the sensitivity of the nitrocefin test between
the present study and the studies cited may be related to the
fact that we  mainly evaluated S. saprophyticus.

McDougal and Thornsberry35 evaluated the production of
beta-lactamase in 66 S. aureus isolates using the nitrocefin disk
method and all strains tested positive. However, the change
in color was weak when the penicillin MIC was less than
≤16 �g/mL. In the present study, all S. saprophyticus isolates
with a negative nitrocefin disk test exhibited penicillin MICs
of 0.125–0.38 �g/mL, except for one isolate with an MIC of
0.94 �g/mL, while three of the two positive isolates had higher
MICs (1.0 and 1.5 �g/mL) and one isolated had an MIC of
0.19 �g/mL.

More  recently, Pitkälä et al.26 used detection of the blaZ
gene by PCR as a reference method to evaluate different com-
mercial tests for detection of beta-lactamase production in
Staphylococcus spp., including the nitrocefin disk method. The
authors found 19 isolates with a very weak reaction to nitro-
cefin; of these, 15 were positive for the blaZ gene. In the present
study, only one of the 22 S. saprophyticus isolates tested positive
in the nitrocefin test, but 19 were positive for the blaZ gene.
These results agree with the findings of Hovelius and Mardh36

who  showed that the chromogenic cephalosporin (nitrocefin)
does not detect beta-lactamase production in S. saprophyti-
cus, a fact explaining the low sensitivity of the nitrocefin disk

in detecting beta-lactamase production observed here, espe-
cially in S. saprophyticus. In contrast, Haveri et al.22 found high
agreement between the nitrocefin test and the presence of the
blaZ gene in S. aureus.  Although the nitrocefin disk method is
 b i o l o g y 4 8 (2 0 1 7) 159–166

a commonly used test for beta-lactamase detection, the enzy-
matic reactions may be incomplete, leading to a large number
of false-negative results. This fact may explain the large num-
ber of beta-lactamase-negative S. saprophyticus isolates.

Twenty-three (82.1%) of the 28 isolates that were sus-
ceptible to penicillin by the disk diffusion method were
blaZ-positive. This rate is much higher than those reported
by Kaase et al.15 and by El Feghaly et al.37 who  evaluated 105
penicillin-susceptible S. aureus isolates. In those studies, 14.2%
and 9.5% of the S. aureus isolates phenotypically susceptible to
penicillin carried the blaZ gene, respectively. This marked dif-
ference is likely due to the large number of S. saprophyticus
isolates tested in the present study.

All isolates with a halo diameter ≤28 mm carried the blaZ
gene. However, a large inhibition halo did not rule out the
presence of the blaZ gene, as also reported by Kaase et al.15

and El Feghaly et al.37 In the study of El Feghaly et al.,37 blaZ-
positive isolates by the disk diffusion method exhibited an
average halo size of 34 mm,  while the inhibition halo of blaZ-
negative isolates was greater than 38 mm.  However, we  found
three isolates with an inhibition halo >40 mm (one S. aureus,
one S. epidermidis, and one S. lugdunensis), which were posi-
tive for the blaZ gene. These findings agree with Kaase et al.15

and El Feghaly et al.37 who suggested conventional (pheno-
typic) methods to be unable to adequately detect penicillin
resistance in staphylococcal isolates.

El Feghaly et al.37 also suggested that changing the break-
point of the penicillin inhibition halo from 29 to 35 mm would
improve sensitivity of the test. A similar observation was made
by Latham et al.38 for S. saprophyticus.  These authors found
that isolates with a diameter <31 mm were all beta-lactamase
positive. The use of this new breakpoint would permit to
detect penicillin resistance in all S. saprophyticus isolates of
the present study, which exhibited inhibition halos ranging in
size from 29 to 35 mm.  However, three blaZ-negative isolates
would be considered positive if this new criterion were used.

With respect to the MIC of penicillin, Kaase et al.15 found
that all isolates with an MIC of 0.03 �g/mL determined with
the Vitek 2 system were blaZ-negative, while five (6.2%) of 81
isolates with an MIC of 0.06 �g/mL and 23 (23.2%) of 99 iso-
lates with an MIC of 0.12 �g/mL were blaZ-positive. Among
the blaZ-negative isolates, two S. saprophyticus strains exhib-
ited an MIC of 0.125 �g/mL and one an MIC of 0.19 �g/mL, one
S. aureus had an MIC  of 0.032 �g/mL, and one S. epidermidis
had an MIC  of 0.012 �g/mL. The MIC of the other blaZ-positive
isolates ranged from 0.012 to 0.94 �g/mL, demonstrating that
determination of the MIC also does not reliably detect this
type of resistance. This difficulty has also been reported by
Haveri et al.22 who found five blaZ-negative isolates with MIC
≥0.25 �g/mL and 26/211 (12.3%) susceptible isolates with MIC
of 0.06–0.125 �g/mL that carried the blaZ gene.

In the present study, the zone edge test was the most sensi-
tive phenotypic test (90.3%). A similar result has been reported
by Kaase et al.15 who evaluated the sensitivity of five pheno-
typic methods for detection of beta-lactamase and found a
sensitivity of 71.4% for the zone edge test. In contrast, in the

study of El Feghaly et al.,37 the most sensitive phenotypic test
was the clover-leaf test (60.0%). According to these authors,
the zone edge test is highly subjective and its interpretation
may vary depending on the examiner. However, the test was
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nalyzed by two examiners in the present study and there was
o discrepancy between results.

The present results demonstrated that the zone edge test
as the most sensitive phenotypic test for detection of beta-

actamase, although it is still not an ideal test to detect this
ype of resistance since its specificity was low. Determina-
ion of the MIC  and the disk diffusion method provided better
esults than the nitrocefin test and the zone edge test. How-
ver, the inhibition halo diameter of the penicillin disk can
e used together with the zone edge test since the same disk

s employed in the two tests. Combined analysis of the two
ests shows a sensitivity of 90.3% and specificity of 100%, prov-
ng better sensitivity, especially for S. saprophyticus.  This is a
ow-cost test of easy application and interpretation that can
e used in small and medium-sized laboratories where sus-
eptibility testing is usually performed by the disk diffusion
ethod.
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