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ABSTRACT

Without the double-disk test, all the Staphylococcus aureus isolates
with inducible clindamycin resistance would have been misclassified as
clindamycin susceptible, resulting in an underestimated clindamycin
resistance rate. Clindamycin resistance rates may vary by geographic region
and methicillin susceptibility. Hence it should be determined in individual
settings. The high frequency of methicillin resistant S. aureus (MRSA) and
methicillin susceptible S. aureus (MSSA) isolates with in vitro inducible
clindamycin resistance at hospitals raises concern that clindamycin
treatment failures may occur with MSSA as well as with MRSA infections.
Clinical laboratories should report in vitro inducible clindamycin resistance
in S. aureus isolates and clinicians should be aware of the potential of
clindamycin treatment failure in patients with infections caused by inducible
resistant strains. In this study, the percentage of inducible clindamycin
resistance at two hospitals (Maharaj Nakhon Si Thammarat Hospital,
Nakhon Si Thammarat, Thailand and Chumphon Khet Udomsak Hospital,
Chumphon, Thailand) were 50 (25/50) and 8.3 (1/12) for methicillin
resistant Staphylococcus aureus, respectively. Given the data of inducible
resistance to clindamycin found in the two hospitals, we conclude that
susceptibility testing of staphylococci should include the disk diffusion
induction test (D-test) for wusefulness of therapeutic treatment of
staphylococci infections.
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INTRODUCTION

Increasing frequency of methicillin resistant Staphylococcus aureus (MRSA)
infections and changing patterns in antimicrobial resistance have led to renewed interest
in the use of macrolide-lincosamide-streptogramin group B (MLSg) antibiotics to treat
such infections [1]. These antibiotics are structurally distinct but functionally similar
because they inhibit protein synthesis by targeting the 50S ribosomal subunit [2-4].
However, their widespread use has led to an increase in the number of staphylococcal
strains resistant to MLSg antibiotics. Target site modification is the most common
mechanism of acquired resistance to MLSg in staphylococci (the so-called MLSg
phenotype) [2]. MLSg resistance can be either constitutive (MLSgc) or inducible
(MLSgi). In vitro, MRSA isolates with constitutive resistance are resistant to
erythromycin (ER) and clindamycin (CL), while isolates with inducible resistance are
resistant to ER but appear susceptible to CL [1,4,6]. MLSgi is not recognized by using
standard susceptibility test methods, including standard broth-based or agar dilution
susceptibility tests [7], including the Vitek system [6] and disc diffusion testing with ER
and CL discs (double discs) in nonadjacent positions [1,7]. Failure to identify MLSgi
may lead to clinical failure of CL therapy (a frequent choice, particularly, for
staphylococcal skin and soft tissue infections) [1,8-9]. MLSgi can be detected by a disc
induction test, a distorted “D-shaped” zone of inhibition is observed around CL if an ER
disk is placed near by (15 mm to 20 mm) [10]. The aim of this study was to determine
the incidence of constitutive and inducible CL resistance in clinical isolates of MRSA,
in order to avoid poor clinical outcomes but retain the usefulness of CL.

MATERIALS AND METHODS

Bacterial strains

The clinical isolates of 62 MRSA were collected from patients with skin and soft
tissue infections at Maharaj Nakhon Si Thammarat Hospital (n = 50), Nakhon Si
Thammarat, Thailand and Chumphon Khet Udomsak Hospital (n = 12), Chumphon,
Thailand. These isolates were MRSA, identified by using conventional laboratory
methods [11-13].

Antibiotic susceptibility test

Antibiotic susceptibilities of MRSA isolates were determined by disk diffusion
methods. Oxacillin susceptibility was performed as previously described by Huang et al.
(2000) [12], and S. aureus ATCC 25923 was used as the control strain for the disk
diffusion method. The following antibiotic disks from oxoid were tested at the
following concentrations: oxacillin (1 pg), clindamycin (2 pg) and erythromycin (15
ug). Antibiotics susceptibilities were studied by disc diffusion methods based on the
guidelines from the Clinical and Laboratory Standard Institute (CLSI, formerly National
Committee for Clinical Laboratory Standards) criteria [13].
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Identification of MLSgi phenotype by D-test

To identify the MLSgi phenotype in CL-sensitive (CL®) and ER-resistant (ER")
isolates, we performed a D test. Isolates were evenly plated on a Mueller-Hinton (M-H)
agar plate at a McFarland concentration of 0.5, and disks of CL (2 pg) and ER (15 ng)
were placed at a distance of 18 mm apart from the edge as recommended by the CLSI
[13]. The plates were incubated at 37 °C for 16 to 18 h and observed for blunting of the
CL zone of inhibition or D zone. Presence of a D-shaped zone was reported as a
positive test for the MLSgi phenotype, and absence of a D-shaped zone was considered
as a negative test for the MLSgi phenotype.

RESULTS

All 62 clinical isolates of Staphylococcus aureus used in this study were
resistant to oxacillin (Figure 1), and identified as MRSA. Moreover, ER" was detected
in 100 % of the clinical isolates (62 of 62 isolates) in MRSA. The D-test was done to
determine the MLSgi resistance of the CLS and ER’ isolates. Among the total 62 MRSA
isolates, 36 (58.06 %) were constitute macrolide, lincosamide, and group B
streptogramin resistance (MLSgc), and the D-test showed that 26 (41.94 %) of these
clinical isolates had the induce macrolide, lincosamide, and group B streptogramin
resistance (MLSg1) phenotype (Table 1). The organism shown is a clinical isolate of
MRSA that contains the erm gene and demonstrates the MLSgi phenotype (Figure 1a)
or MLSgc phenotype (Figure 1b).

Table 1 Incidence of MLSBi and MLSBc among MRSA isolates

D-test Resistance phenotype Susceptibility No. of isolates (%)
ER CL
Positive MLSgi R S 26 (41.94)
Negative MLSgc R R 36 (58.06)
control - S S -

MLSki, inducible resistance; MLSgc, constitutive resistance
ER, erythromycin; CL, clindamycin; R, resistance; S, susceptibility
control, Staphylococcus aureus ATCC 25923
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(b)

Figure 1 Example of double disk test (D-test) demonstrating erythromycin (ER) disk induction
of clindamycin (CL) resistance; a blunting of the zone of inhibition around the CL disk is
produced that forms a D-shape (a), result for detection of inducible CL resistance (MLSgi). In
constitutive resistance (MLSgc), the organism is clearly resistant to both ER and CL (b). Both
phenotypes are methicillin resistant Staphylococcus aureus (MRSA), had no inhibition zone
around the oxacillin (OX) disk.
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DISCUSSION AND CONCLUSIONS

Acquired staphylococcal resistance to lincosamides such as clindamycin is
largely mediated by ribosomal methylases encoded by one of several erm genes. These
enzymes methylate the bacterial ribosome at the binding site for macrolide, lincosamide,
and streptogramin B (MLSg) antibiotics, thus inhibiting antibiotic activity. Such
resistance may be inducible (MLSgi) or constitutive (MLSgc).

Also, MRSA strains that are susceptible to CL but resistant to ER, may have the
phenotype of in vitro MLSgi due to the presence of ER erm genes. For these strains,
there is a high rate of mutation to constitutive resistance, which would then be selected
during CL therapy and treatment failure. However, CL may be an important therapeutic
option for infections due to the same ER/CL susceptibility pattern, that harbor msrA,
which encodes an ATP-dependent efflux pump. This resistance determinant confers
resistance only to 14-and 15-membered ring macrolides and type B streptogramins and
not to lincosamides, such as CL [14-16].

In vitro, MLSgi can be detected in ER resistant S. aureus through the use of a
double disk diffusion assay (D-test) [14-16], resulting in a D-shaped blunting of a
circular zone of inhibition around CL disk on the side facing the ER disk (Figure 1a). If
there is no distortion of the zone of inhibition around the CL disk, then the ER' can be
attributed to macrolide-specific efflux mechanisms, such as the presence of msrA.
Although there are also reports of successful use of CL in treating patients with D-test
positive isolates, however, isolates appear susceptible to CL in the absence of an
inducing agent (ER), there is widespread reluctance to prescribe CL for treatment of
patients with infections caused by such organisms because of concerns that resistance to
CL will develop during therapy. Without the double-disk test, all the S. aureus isolates
with inducible CL resistance would have been misclassified as CL®, resulting in an
underestimated CL resistance rate [1,6].

There have been relatively few reports of CL treatment failure in infections due
to MRSA with in vitro inducible CL resistance [8,17-19], furthermore, CL treatment
failures may occur with methicillin susceptible S. aureus (MSSA) as well as with
MRSA infections [6]. It is thus recommended by most experts that CL therapy be
avoided for Staphylococcus sp. isolates that display MLSgi resistance, despite a low CL
MIC. The proportion of S. aureus with in vitro inducible CL resistance may vary by
hospital, graphic region, age group, bacterial species and methicillin susceptibility
[6,19-25]. Failure to identify in vitro inducible CL resistance when the ER" CL®
phenotype is detected may lead to clinical failure of CL therapy. Conversely, labeling
all ER" staphylococci as CL resistance or not reporting CL resistance when ER' is
present will likely prevent the use of CL in treating infections that would likely respond
to CL therapy [19-26].

It may be risky to use CL when ER testing shows a resistant or intermediate
phenotype. The risk might currently be lower with MRSA, but this disparity may not
continue or not be true elsewhere. Routine D-tests might allow clinicians to retain
confidence in CL when ER' is present [19-26]. It believed that clinical laboratories
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should report in vitro inducible CL resistance in S. aureus isolates and that clinicians
should be aware of the potential for clinical failure when CL is used to treat serious
infections due to S. aureus (MRSA or MSSA) with in vitro inducible CL resistance.
However, the cost benefit of routinely performing the D-test must be evaluated in each
laboratory setting after first determining the incidence of the MLSgi and MLSgc
resistance phenotypes. Decisions about routine testing of staphylococci with the
Er'/intermediate CL® phenotype should be made on an institution-by-institution basis
after obtaining local prevalence data [2,4,6,19,26].
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