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Abstract

Objective: Methicillin resistant staphylococcus aureus (MRSA) is a frequent cause of infections
in children. The purpose of this study was to determine the frequency of nasal colonization of
S. aureus in children and detection of inducible clindamycin resistance (ICR) by disk
approximation test (D-test).

Methods: This was a cross-sectional study conducted in Hamedan from 2007 to 2008. 520
nasal swabs were obtained from children under 12 years of age at the time of admission and
287 swabs at the time of discharge. Antibiogram was performed by method of disk diffusion for
oxacillin, erythromycin, clindamycin, cefazolin and vancomycin as well as D-test. Chi-square
test was applied for statistical analysis.

Findings: Out of 520 patients, 118 (22.3%) were colonized with S. aureus as community-
acquired (CA-S. aureus). Of 287 patients, 64 (22.3%) were colonized with isolates of S. aureus at
discharge time. Of these 64 patients, 32 cases were colonized with hospital acquired (HA-S.
aureus) isolates after admission. Only one CA-MRSA isolate was resistant to clindamycin, 5% of
118 CA-S. aureus isolates and 6.3% of HA-S. aureus isolates had inducible clindamycin
resistance (D-test). Also 37.5% of CA-MRSA isolates at the time of admission and 22.2% of HA-
MRSA isolates at discharge had positive D-test.

Conclusion: We emphasize that D-test should be used routinely and clindamycin should not be
used in patients with infections caused by inducible resistant S. aureus.
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Introduction

Staphylococcus aureus is one of the most
common human pathogens with ability to
cause wide range of infections. Although
healthy children have a small risk for serious
infections, but they could be common carriers
of this organism and many clinical infections
may develop in nasal carrier individuals [1.23],

The incidence of invasive infections has
been rising with emergence of community-
acquired (CA) and hospital-acquired (HA)
methicillin-resistant S. aureus (MRSA) [14],

Clindamycin is an alternative choice for
mild to moderate MRSA infections especially
in penicillin-allergic  patients. However,
subinhibitory concentration of erythromycin
is a common inducer of inducible clindamycin
resistance (ICR)[X56l, In Turkey it was
detected that 5.7% of MRSA and 3.6% of
methicillin-sensitive S. aureus (MSSA) isolates
had inducible clindamycin resistance and all
erythromycin-resistant and clindamycin-
susceptible MRSA isolates exhibited positive
D-test[’]. In another study in USA about 26% of
clindamycin sensitive S. aureus isolates and
11% of MRSA isolates had inducible
clindamycin resistance [8l. To detect inducible
clindamycin resistance, there is a specific disk
diffusion method that shows resistance is
induced by erythromycinl(ll. In this method an
erythromycin disk is placed next to
clindamycin  disk. When erythromycin
diffuses, induces resistance to clindamycin
and results in flattening of the clindamycin
zone of inhibition just next to the
erythromycin disk, making a D shape, so this
method is called D-test. Our study estimates
the frequency of D-test among S. aureus
isolates in nasal carrier children.

Subjects and Methods

This was a descriptive study conducted on 540
children aged 1 day to 12 years admitted to
the pediatric ward of the university hospital of
Hamedan, west of Iran, from February 2007 to
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December 2008. Method of sampling was not
invasive and the proposal was approved by
the research committee of the University.
Informed consent was achieved from parents
of the patients.

No patients treated with antibiotics were
included in the study.

Nasal samples were collected by inserting a
synthetic swab into both nostrils.

520 nasal swabs were taken from children
at the time of admission and 287 specimens
were also obtained at the time of discharge.

The samples were coded and kept in
transitional broth and sent to microbiology
laboratory in Hamedan University of Medical
Sciences. The samples were then transferred
onto sheep blood agar and incubated at 35°C
for 24-48h. Catalase, DNase and coagulase
assays were applied to identify isolates of S.
aureus.

Susceptibility testing was performed
according to National Committee for Clinical
Laboratory Standard on isolates of S. aureus
by using the method of disk diffusion. Muller-
Hinton agar and oxacillin, erythromycin,
clindamycin, cefazolin and vancomycin disks
(Mast UK and Padtan teb IR) were used to
determine susceptibility of isolates. D-test was
also performed to asses ICR in Erythromycin-
resistant clindamycin-susceptible (ER-R/CL-S)
isolates. This test was performed by placing an
erythromycin disk in a distance of 15-20mm
of clindamycin disk.

Demographic data and results of
susceptibility tests were recorded in a special
form and were analyzed by SPSS 13 software
package. Chi-square test was applied for
statistical analysis.

Findings

From February 2007 for a period of 11-
months all samples were collected.
Demographic characteristics of our cases are
shown in table 1. Out of 520 patients, 118
(22.3%) were colonized with community
acquired S. aureus (CA- S. aureus) while 13.5%
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Tablel: Demographic characteristics of patients.

Age ‘ <lyr 1-3yr 3-6 yr 6-9yr 9-12yr Total
Female 31 39 26 7 8 111
Male 48 62 36 11 19 176
Total 79 101 62 18 27 287

of them were MRSA isolates (CA-MRSA). At
discharge, 64 (22.3%) of 287 cases were
colonized with S. aureus while 32 (13.7%) of
them had been colonized after admission (HA-
S. aureus). Out of 32 HA-S. aureus isolates, only
3 (9.4%) were MRSA (HA-MRSA).

None of MRSA and MSSA isolates were
resistant against vancomycin, only one CA-
MRSA isolate was resistant to clindamycin.

Resistance of CA-MRSA and HA-MRSA
isolates were 33.3% and 66.7% against
erythromycin, 11.1% and 0% against
clindamycin, and 11.1% and 100% against
cefazolin, respectively. Resistance of CA-MSSA
and HA-MSSA isolates were 2.2% and 0%
against erythromycin, however 100% of these
isolates were sensitive to clindamycin and
cefazolin (Table 2).

In this study, 5% of CA-S. aureus isolates
and 6.3% of HA-S. aureus isolates had positive

Erythromycin

Flattening of zone of inhibition

D-test. Also 37.5% of CA-MRSA isolates at the
time of admission and 22.2% of HA-MRSA
isolates had shown positive D-test (Fig 1).
Twenty-four cases of 54 colonized patients
with CA-S. aureus isolates became non-
colonized after admission while 16 (66.6%) of
them were treated with antibiotics (P<0.001,
chi-square test).

Discussion

Nasal colonization with S. aureus is a
significant risk factor for serious infections
and in some situations elimination of S. aureus
may reduce rate of subsequent invasive
infections[®11. For appropriate pediatric
infection control, the prevalence of nasal

Clindamycin

D shape

Fig 1: D-Test. Erythromycin and clindamycin disks were placed in adjacent positions
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Table2: The frequency of antibiotic resistance and positive D-test of CA-MRSA and
HA-MRSA isolates

Antibiotic D-test Clindamycin Erythromycin | Vancomycin
resistance N (%) N (%) N (%) N (%)
CA-MRSA 6 (37.5) 1(11.1) 3(33.3) 0 (0.0)
HA-MRSA 2 (22.2) 0 (0.0) 2 (66.7) 0 (0.0)

carriage should be determined. In the present
study the carriage rate of CA-S. aureus was
22.3% while 13.5% of them were MRSA which
is consistent with the results of another study
which shows 18%-38% nasal colonization[12].

Results of our study also indicated that
13.7% of non-colonized cases were colonized
following hospitalization (HA-S. aureus) while
9.8% of them were MRSA. This is more than
those reported from Srilanka in 2003 which
showed 6% HA-S. aureus after hospitaliza-
tionl?l.

Although clindamycin is an appropriate
antimicrobial agent for treatment of mild to
moderate CA-MRSA infections, however, many
of erythromycin-resistant MRSA isolates have
inducible clindamycin resistance that may
lead to treatment failures. Some studies have
indicated that approximately 45% of
erythromycin-resistant S. aureus isolates have
inducible resistancelll. We detected only
oneCA-MRSA isolate that was resistant to
clindamycin while there were 5% and 6.3%
positive D-tests in S. aureus isolates (37.5%
and 22.2% of MRSA isolates) at the time of
admission and discharge respectively.
Rahbbar and Hjia in another study in Iran
demonstrated that 9.7% of staphylococci
isolates had positive D-testl13]. We have shown
6.3% incidence of ICR that is comparable with
other studies in Turkey (9.7%) and Iran
(5.7%)[7131.  Accurate technique is important
to select appropriate antibiotics; on the other
hand disk diffusion method for clindamycin
may demonstrate false  susceptibility.
However, clindamycin can be taken in patients
with true clindamycin-susceptible strains if
ICR is excluded by an accurate method like
D-test.

Our study was performed only in one hospital
which may limit the validity of results and
patients that were hospitalized in the same
room might be colonized with the same
organism. There is a potential for selection
bias because patients in a better general
condition had more possibility to participate
in the study.

Conclusion

In the present study only one case was
reported to be resistant to clindamycin,
therefore, we recommend that clindamycin be
used instead of vancomycin in mild to
moderate diseases caused by CA-MRSA to
prevent resistance to our nearly last-line drug
(vancomycin). We described a simple,
accurate method to detect inducible
cindamycin resistance, therefore with respect
to 37.5% of ICR we recommend: 1) to use D-
test routinely in all microbiologic laboratories;
2) not to apply clindamycin in patients with
infections caused by inducible resistant
S.aureus; 3) to avoid switch therapy from
erythromycin to clindamycin.
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