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Abstract 

Introduction: Macrolide and lincosamide resistance among beta-haemolytic streptococci (BHS) and 
other Streptococcus isolates has rarely been described. However, such data are critical to detect 
and track the emergence of antibiotic resistance. Materials and Methods: During the study period 
of 8 months, all beta-haemolytic streptococci, Streptococcus pneumoniae and Viridans streptococci 
isolated from clinical specimens were included in the study. D zone test was performed by incor-
porating it in the routine antibiotic susceptibility test for all streptococci isolates by keeping the 
erythromycin (15 µg) and clindamycin (2 µg) disk 12mm distance according to Clinical Laboratory 
Standard Institute (CLSI) guidelines. Flattening of the zone of inhibition around clindamycin, adja-
cent to the erythromycin disk (referred as D zone) is interpreted as D test positive indicating pres-
ence of inducible clindamycin resistance (ICR). Results: Out of 926 Streptococcal isolates, there 
were 63 erythromycins resistant and 55 clindamycin resistant isolates were found. Erythromycin 
resistance was observed in 7.2% (n=4/55) of group A Streptococci, 5.5% (n=42/756) group B 
Streptococci, 8.7% (n=2/23) of S. pneumoniae and 18.5% (n=15/81) of S. viridans. There was no 
erythromycin resistant in group C and group G streptococci isolates. Constitutive clindamycin re-
sistance was found in all four-erythromycin resistant groups; group A (7.2%), 18/756 (2.3%) group 
B Streptococci, 2/23 (8.69%) S. pneumoniae, 5/81 (6.17%) S. viridans. Inducible clindamycin re-
sistance was seen in 24/756 (3.7%) of group B Streptococci, 2/81 (2.4%) of Viridians streptococci. 
Conclusions: This study shows that macrolides or lincosamide cannot be used empirically for any 
streptococci without doing anti-microbial susceptibility and emphasizes the need to incorporate D 
zone testing in the standard anti-microbial susceptibility tests for streptococci. 
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INTRODUCTION 

Penicillin is the recommended first line of treatment for 
beta haemolytic streptococcal infections. However, 
macrolides and sometimes lincosamides are recom-
mended as second line options for patients who are 
allergic to penicillin.1,2 Development of penicillin re-
sistance in pneumococcus in the 1980s–1990s shifted 
antibiotic treatment of suspected pneumococcal upper 
respiratory infections and pneumonia to macrolides. 
Widespread macrolide use, however, is associated with 
increased macrolide resistance in Streptococcus (S) 
pneumoniae and clinical failures of macrolide treatment 
of pneumococcal infections have been reported for low-
er respiratory tract infections and bacteremia.3  

     The macrolide antibiotics (erythromycin, azithromy-
cin, clarithromycin, and others) and the lincosamide 
antibiotics (lincomycin and clindamycin) are chemical-
ly unrelated but possess many similar biologic proper-
ties in terms of mechanisms of action and resistance, 
antimicrobial activity, and clinical pharmacology.2 

     Erythromycin inhibits RNA-dependent protein syn-
thesis at the step of chain elongation in susceptible pro-
karyotic organisms. Alteration in the 23S ribosomal 
RNA of the large 50S ribosomal subunit by demethyla-
tion of adenine, is associated with resistance to erythro-
mycin and most other macrolides (M), and sometimes 
to the lincosamides (L), lincomycin, and clindamycin), 
and streptogramin type B (S B) antibiotics.  This pattern 
of resistance, referred to as the MLS B phenotype, is 
mediated by the erm (erythromycin ribosome methyla-
tion) genes on plasmids or transposons on chromo-
somes, which are self-transferable. This MLS B re-
sistance phenotype may be constitutive or inducible by 
subinhibitory concentrations of erythromycin or other 
macrolides that bring about induction of the methylat-
ing enzyme.2,4 

     A different efflux system for erythromycin and some 
other macrolides (but not for lincosamides, or ana-
logues of streptogramin B), called the M phenotype, 
has been elucidated in erythromycin-resistant strains of 
Streptococcus pyogenes, Streptococcus pneumoniae, 
group C streptococci. That efflux system is encoded by 
the mef (A) gene, is carried on a transposable element, 
and this resistance does not extend to clindamycin if 

 

resistance is due to the M phenotype.2 

     The incidence of macrolide and clindamycin re-
sistance including inducible clindamycin resistance is 
highly variable from region to region and from country 
to country.5-8 Hence, local statistics on this crucial val-
ue are important for empiric therapy. Clinical failure of 
clindamycin therapy has been reported due to inducible 
Macrolide Lincosamide Streptogramin B (iMLSB) phe-
notype resistance which cannot be detected by routine 
in-vitro disk diffusion antibiotic susceptibility testing. 
Hence, this study was undertaken to estimate the mac-
rolide resistance, clindamycin resistance and inducible 
clindamycin resistance among Streptococci. 

MATERIALS AND METHODS 

This prospective study was conducted at the microbiol-
ogy laboratory at the Department of Microbiology, RI-
PAS Hospital, Brunei Darussalam, for the duration of 
eight months. All the streptococci isolated from various 
clinical specimens were identified by Gram staining, 
colony morphology, catalase test, commercial latex 
agglutination kit (Patho DX Strep Remel Inc., USA) 
and VITEK 2 / VITEK MS (bioMérieux) then subjected 
to routine antibiotic susceptibility testing by modified 
Kirby Bauer’s disk diffusion method on Muller Hinton 
agar with 5% sheep blood agar plates and interpreted as 
per Clinical Laboratory Standard Institute (CLSI) 
guidelines.9 

     D zone test was performed by incorporating it in the 
routine antibiotic susceptibility test for all streptococci 
isolates by keeping the erythromycin (15 µg) and 
clindamycin (2 µg) disk 12 mm distance according to 
Clinical Laboratory Standard Institute (CLSI) guide-
lines.9 Following overnight incubation at 37oC, circular 
zone of inhibition with a zone size ≥ 19mm around the 
clindamycin with flattening on the side facing erythro-
mycin disk (D zone), indicated inducible clindamycin 
resistance (Figure 1). 

      Plates were read and phenotypes were recognised as 
follows. 

1. Constitutive MLSB phenotype – Streptococcal 
isolates  with  erythromycin  (zone size ≤ 15mm) and  
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Figure 1: a) Group B Streptococcus isolate showing inducible 
clindamycin resistance, and b) illustration demonstrating a posi-
tive test (E: Erythromycin disc, and C: Clindamycin disk). Black 
arrow indicate the D zone with flattening.  

clindamycin (zone size ≤ 15mm) with circular shape 
of zone of inhibition around clindamycin.  

2. Inducible MLSB (iMLSB) phenotype – Strepto-
coccal isolates showing resistance to erythromycin 

(zone size ≤ 15mm) while being sensitive to 
clindamycin (zone size ≥ 19mm) and giving D shaped 
zone of inhibition around clindamycin with flattening 
towards erythromycin disk.  

3. M phenotype - Streptococcal isolate exhibiting re-
sistance to erythromycin (zone size ≤ 15mm) while 
sensitive to clindamycin (zone size ≥ 19mm) and giv-
ing circular zone of inhibition around clindamycin 
disk.4,10 

     Quality control (QC) of the erythromycin and 
clindamycin discs was performed in triplicates using S. 
pneumoniae ATCC® 49619, according to the standard 
disc diffusion QC procedure.9 Additional QC was per-
formed with separate in-house selected S. agalactiae 
strains that demonstrated positive and negative D test 
reactions. Quality control of commercially obtained 
media used in the study was done with each shipment/
batch of media. 11 Results were tabulated and analysed 
statistically. 

RESULTS 

During this study, a total of 930 Streptococci were iso-
lated from various clinical samples (Table I). Among 
these, 55 were group A beta haemolytic streptococci, 
756 group B Streptococci, 10 group C Streptococci, 5 
Group G Streptococci, 23 S. pneumoniae and 81 Viri-
dans Streptococci. 

     Altogether,   there  were  63  erythromycins  resistant 
and 55 clindamycin resistant Streptococcal isolates. 
Erythromycin resistance was found in 4/55 (7.2%) 
group A Streptococci, 42/756 (5.5%) group B Strepto-
cocci, 2/23 (8.7%) S. pneumoniae  and 15/81 (18.5%) 

  Group A Group B Group C Group G S. pneumoniae S. viridans 

Blood 3 9 - 2 8 32 
Pus 24 46 5 - 5 23 
Eye 1 3 1 - - 11 
Ear 5 6 1 - 6 - 
Throat 17 - - 2 - - 
Sputum/ETA 2 3 - - 3 - 
CSF - - - - 1 - 
Body fluid - 2 - - - 3 
HVS - 646 - - - - 
Urine - 27 - - - - 
Umbilical Cord 3 2 - - - - 
Others - 14 - - - 12 
Total (N=926) 55 756 7 4 23 81 

Table I: Distribution of type of samples from which streptococci were isolated. 

ETA: endotracheal aspirate            CSF: cerebrospinal fluid              HVS: high vaginal swab 
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S.viridans. There were no erythromycin resistant group 
C and group G streptococci isolated during our study 
period. Constitutive clindamycin resistance was found 
in all four-erythromycin resistant group A (4/55, 7.2%), 
18/756 (2.3%) group B Streptococci, 2/23 (8.69%) 
S.pneumoniae and 5/81(6.17%) of S. viridans. Inducible 
clindamycin resistance was seen in 24/756 (3.7%) group 
B Streptococci, 2/81 (2.4%) Viridians streptococci. 
There was one group B Streptococcus isolate which was 
intermediate to clindamycin but sensitive to erythromy-
cin. (Table II). 

  Total (n) Erythro R 
n (% of total) 

cMLSB 
n (% of total) 

iMLSB 
n (% of total) 

M phenotype 
n (% of total) 

Group A 55 4 (7.2%) 4 (7.2%) 0 0 

Group B 756 42 (5.5%) 18 (2.3%) 24 (3.7%) 1 (0.1%) 

Group C 07 0 0 0 0 

Group G 04 0 0 0 0 

S. pneumoniae 23 2 (8.7%) 2 (8.%) 0 1 (4.3%) 

S. viridans 81 15 (18.5%) 5 (6.17%) 2 (2.4%) 6 (7.4%) 

Total 926 63 (6.8%) 29 (3.1%) 26 (2.8%) 8 (0.9%) 

Table II: Erythromycin and clindamycin resistance phenotypes among clinical isolates of Streptococci. 

DISCUSSION 

Clindamycin is an excellent drug for Streptococcal in-
fections, particularly skin and soft tissue infections.1,2 
Macrolide and clindamycin resistance has been rising 
in streptococci, but data is limited. Inducible clindamy-
cin resistance can develop during the treatment, which 
can be detected by performing D zone test, which 
should be done before reporting clindamycin suscepti-
bility. Since the iMLSB resistance mechanism is not 
recognised by standard antibiotic susceptibility test 
methods and its prevalence varies according to geo-
graphical location, D zone test described in CLSI 
guidelines has become an imperative part of routine 
antimicrobial susceptibility test for all clinical isolates 
of Streptococci and should be included in the routine 
antimicrobial susceptibility method.  

     In this study we found 6.8% (n=63) erythromycin 
resistant Streptococci over the nine months study peri-
od. Among these, 29 (3.13%) isolates were clindamy-
cin resistant constitutively and 26 (2.8%) were induci-
ble clindamycin resistance phenotype. 

     A study from Canada, showed 8% erythromycin 
resistant and 1% clindamycin resistant Streptococcus 
Group A isolates including 0.002% (of total isolates) 

inducible type.12 In the same study, they observed 17% 
and 8% erythromycin and clindamycin resistance in 
group B streptococci, respectively and 6.5% of their 
group B streptococcal isolates were inducible resistant 
to clindamycin. Compared to this study, our study 
showed 7.2% erythromycin resistant group A strepto-
coccal isolates and 7.2% constitutively clindamycin 
resistant isolates. We did not isolate any inducible 
clindamycin resistant group A streptococcus isolate in 
our study.   

     Among group B Streptococcal isolates, we found 
5.5% erythromycin resistant, 2.3% constitutive 
clindamycin resistant and 3.7% inducible clindamycin 
resistant isolates. Contrary to what we found, rates of 
erythromycin resistance and clindamycin resistance 
were up to 44% and 39%, have been reported amongst 
clinical group B streptococcal isolates from Taiwan.7 A 
study from Malaysia, showed that 22% of Streptococ-
cus Group B were erythromycin resistant and 12% 
were clindamycin resistant.13 A Korean study of macro-
lide resistance amongst beta hemolytic streptococcal 
isolates from a tertiary hospital also reported a high rate 
of 37% resistance of group B streptococci to erythro-
mycin, but a reduced rate of 5% resistance of group A 
streptococcus to erythromycin, and no clindamycin 
resistance. 8 We also found one group B Streptococcus 
isolate which was sensitive to erythromycin but inter-
mediate to clindamycin, this could be mediated through 
the presence of Lin B gene.2  Table III shows the com-
parison of erythromycin and clindamycin resistance 
among group B isolates, in various studies. Though our 
study showed comparatively less incidence of erythro-
mycin resistance, all our Streptococcus Group B iso-
lates which were resistant to erythromycin were also 
resistant to clindamycin either constitutively or induci-
ble. 

      Prabhu et al. from India, found erythromycin     
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Authors (years) Place of study Erythromycin Resistance 
(%) 

Clindamycin Resistance 
(%) 

Janapatla  et al (2008) 7 Taiwan 44 39 

Uh et al (2007) 8 Korea 37 0 

Desjardins et al (2004) 12 Canada 17 8 

Suhaimi et al (2017) 13 Malaysia 22 12 

Present study Brunei 5.5 5.5 

Table III: Comparison of erythromycin and clindamycin resistance in Group B streptococci from various studies. 

resistance in group C streptococci and group G strepto-
cocci isolates of 9.4 and 3.1% respectively. Contrary to 
this, our study there were no Group C and G isolates 
resistant to erythromycin or clindamycin, but our sam-
ple size was small. A study by Megged et al, also 
showed no erythromycin resistance in group C Strepto-
cocci.14 In the same study, erythromycin resistance was 
found in 19.4% of pneumococcal isolates, 11.9% were 
clindamycin resistant constitutively and 1.5% were 
inducible clindamycin resistant.14 In comparison, our 
study, showed 8.69% of the pneumococcal isolates 
resistant to erythromycin and 2% isolates resistant to 
clindamycin constitutively. Additionally, our study 
showed 18.5% of Viridians streptococci resistant to 
erythromycin compared to the study by Ergin et al. 
where it was as high as 27%.15 

     Macrolide and lincosamide resistance are increasing 
in streptococci including S. pneumoniae, and it varies 
from one geographical area to another. Macrolides or 
lincosamides cannot be used empirically for any strep-
tococci without doing antimicrobial susceptibility. Re-
porting Streptococci as susceptible to clindamycin 
without checking for inducible resistance may result in 
institution of inappropriate clindamycin therapy. On the 
other hand, negative results for inducible clindamycin 
resistance confirm clindamycin susceptibility and pro-
vide a very good therapeutic option specially for beta 
hemolytic streptococci. An accurate susceptibility re-
port is paramount to avoid therapeutic failure due to 
inducible clindamycin resistance. This emphasizes the 
need to incorporate D zone testing in the standard anti-
microbial susceptibility tests for streptococci. It is a 
simple, auxiliary, and reliable method to detect induci-
ble clindamycin resistance in routine clinical laborato-
ries without any additional cost or human resources but 
contributing much to therapeutic management. 

CONCLUSION 

The prevalence of macrolide and clindamycin resistance 
differs among β-haemolytic streptococci, Viridans 
streptococci and S. pneumoniae. Altogether, 6.8% of 
streptococci were erythromycin resistant and 5.93 % 
were clindamycin resistant. Inducible clindamycin re-
sistance contributed for clindamycin resistance in 2.8% 
of total isolates. This study shows that macrolides or 
lincosamides cannot be used empirically for any strep-
tococci without doing antimicrobial susceptibility and 
emphasizes on need to incorporate D zone testing in the 
standard antimicrobial susceptibility tests for strepto-
cocci. Though we have observed relatively low rate of 
erythromycin and clindamycin resistance in our study, 
constant monitoring is required in view of global spread 
of resistant strains. 

Take Home Message 
 

· The prevalence of macrolide and clindamycin resistance 
differs among various streptococci.  

 

· Group A β-haemolytic streptococci which were resistant to 
erythromycin were also resistant to clindamycin constitu-
tively. 

 

· Group B β-haemolytic streptococci isolates which were 
resistant to erythromycin were also resistant to clindamycin 
either constitutively or inducible. 

 

· Antimicrobial susceptibility test for erythromycin and 
clindamycin should be performed on all streptococci. 

 

· D test must be incorporated in the antibiotic susceptibility 
testing of any streptococci to rule out inducible clindamycin 
resistance. 
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