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ABSTRACT

Background: Staphylococcus aureus is one of the most important causes of nosocomial infections and most clinical
isolates are multidrug resistant. Resistance to f-lactam antibiotics is most often due to bacterial B-lactamase production.
Characterization of B-lactamases is important for choosing appropriate antibiotic therapy.

Materials and methods: Thirty methicillin resistant Staphylococcus aureus (MRSA) were identified by standard
biochemical methods. Antibacterial susceptibility to 9 B-lactam antibiotics was determined. B-lactamase production was
shown in all isolates using the colony iodometric test and nitrocefin discs. B-lactamase typing was carried out by
measuring the relative substrate hydrolysis rates.

Results: The MRSA isolates were resistant to the majority of f-lactam antibiotics. The results showed that 90% of the
isolates displayed type A substrate hydrolysis profile of B-lactamase.

Conclusion: The alarming high level of resistance to B-lactam antibiotics including methicillin and 3™ generation
B-lactams show the need for extensive studies on alternative treatment protocols and use of new drugs.
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(Iranian Journal of Clinical Infectious Diseases 2009;4(4):202-206).

INTRODUCTION

Staphylococcus aureus is an important cause of
food poisoning, pneumonia, postoperative wound
infections and mnosocomial bacteremia. These
organisms are frequently resistant to most of the
commonly used antibacterial agents including -
lactam antibiotics such as methicillin (oxacillin)
(1). The mechanism of staphylococcal resistance to
methicillin is considerably different from other p-
lactams. Methicillin resistant S. aureus (MRSA)
produce a wunique penicillin-binding protein,
PBP2a, which has a much lower affinity for beta-
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lactam antibiotics. On the other hand, the most
common mechanism of bacterial resistance to -
lactams is their inactivation by B-lactamases (2-4).
Over 90% of S. aureus isolates are P-lactamase
producers (5). Richmond divided B-lactamases into
four serological types, designated A to D. This
typing method was lost when the original antisera
were exhausted. Kernodle et al. used a kinetic
method to type staphylococcal B-lactamases and
measured the rate of hydrolysis of certain [-
lactams by different B-lactamases (6). In their
method, purified B-lactamases were extracted from
S. aureus isolates and differences in the substrate
variant

specificity of the enzymes were

Iranian Journal of Clinical Infectious Disease 2009;4(4):202-206



demonstrated. Their results corresponded to those
previously found by serotyping (5).

The aim of the present study was to identify -
lactamase production in clinical isolates of MRSA
and to determine the prevalent -lactamase type by
measuring substrate hydrolysis rates.

MATERIALS and METHODS

Thirty clinical MRSA specimens were selected
from a clinical collection of bacteria from two
hospitals in Tehran (Shohadae Tajrish and
Taleghani). Identification of S. aureus isolates was
carried out using the standard biochemical tests
including catalase and coagulase production, acid
production from mannitol, DNase production and
resistance to bacitracin discs (0.04 U, Padtan Teb,
Tehran, Iran).

Antimicrobial susceptibility test was carried
out for ampicillin (10ug), penicillin (10U),
oxacillin (1pg), cefazolin (30pug), cefalexin (30ug),
ampicillin-sulbactam (30pg), cefotaxime (30ug)
(Padtan Teb, Tehran, Iran), ceftazidime (30ug) and
amoxiclav (30pg) (Difco, Kansas, USA) by disc
diffusion according to the CLSI guidelines (7).
Minimum inhibitory concentrations (MIC) were
also measured for methicillin (Sigma chemicals,
Willetton, Germany) in Mueller-Hinton broth
(Merck, Germany) supplemented with 2% NaCl, as
recommended for susceptibility testing of MRSA
(7-9). A standard culture of S. aureus (ATCC
25923) was used as control for all antibiotic
susceptibility assays as well as a negative control
for B-lactamase production.

The colony iodometric assay was used for
B-lactamase detection. This method is based on the
detection of penicillanic acid, which results from
the action of B-lactamase on penicillin (10,11).
Briefly, starch containing paper strips was soaked
in a solution of potassium penicillin G (0.01g/ml)
in 0.1M phosphate-buffered (PB, pH:7) for 10 min
and isolated colonies from overnight cultures were
transferred onto paper strips. After 30-40 min
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incubation at 37°C, the papers were flooded with
Gram’s iodine solution. Colorless zones around
colonies meant [-lactamase production by the
organism and for organisms that did not produce
B-lactamase, the paper remained purple.

Chromogenic cephalosporin B-lactamase assay
was another test for f-lactamase detection. In this
method, all isolates were examined for f-lactamase
production using nitrocefin discs (Cefinase discs,
Difco, Kansas, USA). The discs were moistened
using Phosphate buffer and a loopful of overnight
grown bacterial colonies was placed on the discs.
Cefinase discs were examined after 1h for a change
of color (yellow-to-red) as evidence for
B-lactamase production (10,11).

For B-lactamase typing, substrate hydrolysis
assay of Kernodle et al. was used (5). Briefly, the
isolates were grown for 14h at 37°C on 1% CY
agar containing 0.5 pg/ml methicillin. Bacterial
suspensions in 0.1 M PB (pH, 6.0) were adjusted to
an optical density of 0.4 at 415nm. Hydrolysis rates
of cephaloridine (Sigma Chemicals, Willetton,
Germany), cephazolin (Loghman Adham, Tehran,
Iran) and cefamandole (ACS Dobfar, Italy) were
measured by mixing 667ul of the bacterial
suspensions with 333pul of 0.3mM antibiotic in
0.1M PB (pH, 6.0) at 37 °C for 1h. The absorbance
was monitored at 254nm for cephaloridine, 272nm
for cephazolin and 269nm for cefamandole.
(Calbiochem, California, USA)
hydrolysis was monitored at 482nm after mixing

Nitrocefin

100ul of bacterial suspensions with 900ul of
0.11mM antibiotic solution and incubation at 37°C
for 1h. Spectrophotometric assays were carried out
using a Shimadzu UV-120-02 Spectrophotometer
(5).

SHV-1 pB-lactamase from E.coli harboring
plasmid pK571 and TEM-1 [B-lactamase from E.
coli J53-2 harboring plasmid pBR322 were used as
type A control [B-lactamases (12-14). The
hydrolysis profile of the control enzymes was
carried out in 0.03M Tris- HCI (pH, 8) (15).
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RESULTS

All MRSA clinical isolates were [-lactamase
producers. The majority of the isolates were from
wound specimens (44%) followed by blood (23%),
secretions (17%), urine (7%), pharynx, CSF and
abscesses (3% each).

Figure 1 shows the antibacterial susceptibility
results. The highest rate of resistance was observed
with ampicillin, penicillin and oxacillin (100%).
Overall, 44% of the isolates were resistant to all
tested B-lactam antibiotics and 4 different
resistance patterns were observed as shown in table
1. The MIC values measured for methicillin were
higher than 64pg/ml for all isolates showing 100%
resistance.

Percentage | .
(%) .

1 2 3 4 5 6 7 8 9
Antibiotics

Figure 1. The rate of antibiotic resistance among 30
methicillin resistant clinical isolates of S. aureus.
(l:ampicillin; ~ 2:penicillin; ~ 3:oxacillin;  4:cefazolin;
5:cefalexin; 6:ceftazidime; 7:cefotaxime; 8:amoxiclav;
9:ampicillin-sulbactam)

Table 1. Antibiotic resistance patterns of B-latamase
producing methicillin resistant S. aureus by disc
diffusion. Four multidrug resistance patterns are shown
with the majority of the isolates belonging to resistance
groups 1 and 3.

Number (%) Resistance

Antibiotics .

of isolates group
Amp/Pen/Ox/Cfz/Cn/ 14(47) 1
Caz/Ctx/Amc/Sam
Amp/Pen/Ox/Amc/Sam 1(3) 2
Amp/Pen/Ox/Amc 2(7) 3
Amp/Pen/Ox 13(43) 4

Amp: ampicillin; Pen: penicillin; Oxa:oxacillin; Cfz:cefazolin;
Cn:cefalexin; Caz:ceftazidime; Ctx:cefotaxime; Amc:amoxiclav,
Sam:ampicillin-sulbactam.

Among the B-lactamase producing isolates, 90%
had the substrate hydrolysis profiles resembling the
type A B-lactamases, SHV-1 and TEM-1 as shown
in figures 2 and 3. Only 3 isolates (TH;, TH;o and
SH,4) showed different B-lactamase activities
(figure 2,3).
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Figure 2. Typing of S. aureus P-lactamases by
measuring the substrate hydrolysis rates. Hydrolyses
of cefazolin, cephaloridine and nitrocefin by cell
suspensions were measured and the ratios are
shown.
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Figure 3. Ratios of the hydrolysis rates measured
for SHV-1 and TEM-1 - lactamases as well as two
clinical isolates (TH-1 and SH 24).

DISCUSSION

S. aureus is one of the most common pathogens
causing nosocomial infections. Unfortunately, most
of the isolates are resistant to methicillin as well as
being multidrug resistant (16). Additionally, almost
all of the clinical isolates produce B-lactamases
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which makes them resistant to new generation
penicillins and cephalosporins. In the present study,
the majority of the clinical isolates were recovered
from wound specimens similar to reports from
India and Nigeria (17,18).

The global spread of MRSA has caused one of
the most serious challenges to the treatment of S.
aureus nosocomial infections during the past
decade (16,19). The rate of methicillin resistance
among human isolates of S. aureus was shown to
be 50% in USA (1998), 77% in a Taiwanese
hospital (2001), 24.6%, over 50% and 61.45%, in
Pakistan, Korea and Egypt, respectively
(1,16,20,21). In Iran, 35% MRSA was reported in
2002 (22). However, the rate of MRSA in Oman
and the Gulhane Military Medical Academy
(Istanbul, Turkey) was 95 and 100%, respectively
(21). Different distributions of MRSA may be
attributed to epidemiological reasons and most
importantly, different antibiotic treatment regimes
in different societies (18). Mokaddas and Gang
reported that most of the MRSA isolates were also
multidrug resistant (21).

In the present study, we selected thirty
methicillin resistant isolates of S. aureus and found
that 47% were resistant to all test antibiotics.

The prevalence of B-lactamase production in
clinical isolates of S. aureus has risen from 5% in
1946 to 50% in 1950 and currently, more than 90%
(23). In our study, all isolates produced
B-lactamases. Bonfiglio and Kernodle reported that
57% and 48% of their clinical isolates were
B-lactamase producers, respectively (5,24).

Measuring the relative rates of substrate
hydrolysis for f-lactamase typing, we showed that
with the exception of 3 isolates, the rest of the test
organisms (91%) were type A B-lactamase which is
the most common serological type among
B-lactamases (25). Considering that the work of
Richmond on serotyping could not be continued
due to difficulties in raising larger amounts of
specific antibodies, we believe that relative
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substrate hydrolysis rates can produce the same
information for B-lactamase typing.

In conclusion, we found an alarming rate of -
lactamase production in our MRSA clinical isolates
of S. aureus. Additionally, nearly half of the
isolates were resistant to all p-lactam antibiotics
tested. This study emphasizes the importance of
proper antibiotic selection for treatment of
nosocomial staphylococcal infections. It is
extremely important to determine the resistance
profiles prior to antibiotic therapy, to avoid
increased drug resistance in these organisms.
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