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Abstract.  Fusidic acid (FA), an anti-methicillin-resistant Staphylococcus aureus 
(MRSA) antibiotic is recommended for use in combination with other antibiotics 
to prevent antimicrobial resistance development.  However, optimal choice 
of the partner agent has been poorly studied.  The study assessed in vitro 
activity of FA alone or combined with doxycycline (DOX), ciprofloxacin (CIP), 
clindamycin (CLI), rifampicin (RIF), and trimethoprim/sulfamethoxazole 
(TMP/SMX), against clinical MRSA isolates at standard and high inoculums.  
Minimum inhibitory concentration (MIC) of the six antimicrobial agents against 
MRSA was determined by a broth microdilution method.  The summation of 
fractional inhibitory concentration (ΣFIC) was used to determine the effects 
of drug combinations at standard and high inoculums.  Sixty-five of 71 (92 %) 
MRSA isolates were sensitive to FA, RIF and TMP/SMX.  Using standard and 
high inoculums, antagonism was observed in two MRSA isolates for FA+TMP/
SMX at standard inoculum and synergism at low frequencies, except for 
FA+DOX combination at high inoculum.  These findings should assist in further 
studies to determine the appropriate antibiotic combinations for treatment of 
MRSA infection in Thailand.  
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inhibition test, fusidic acid
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INTRODUCTION

Methicillin-resistant Staphylococcus 
aureus (MRSA) is a common cause of deep 
organ infections, such as osteomyelitis 
and prosthetic joint infection, which 
require prolonged antibiotic treatment, 
and, thus, oral anti-MRSA agents 
play an important role in reducing 
long-term intravenous antibiotic 
treatment (Liu et al, 201l; Osmon et 
al, 2013).  Currently, relatively few 
oral agents are available for treatment 
of MRSA infection, with linezolid 
being commonly recommended (Liu 
et al, 2011); however, long term use is 
associated with thrombocytopenia and 
peripheral neuropathy (irreversible in 
some cases) (Lee et al, 2003; Bressler et 
al, 2004; Choi et al, 2019).  Linezolid 
functions as an inhibitor of initiation 
of bacterial protein synthesis by 
preventing formation of the initiation 
complex (Zurenko et al, 2001). 

Fus id ic  ac id  (FA) ,  a  s tero id 
antibiotic that inhibits protein synthesis 
at the elongation step demonstrates 
potent in vitro activity against S. aureus 
including MRSA (Jones et al, 2011; 
Hortiwakul et al, 2014).  In addition 

to its high in vitro activity, FA does 
not demonstrate cross-resistance with 
other antimicrobials (Lowbury et al, 
1962; Collignon and Turnidge, 1999; 
Turnidge, 1999; Chen  et al , 2010).  
Despite these favorable properties, 
FA has slow bactericidal/bacteriostatic 
activity against S. aureus (Turnidge, 
1999) and emergence of FA resistance 
during treatment has been documented 
especially in high inoculum infections 
(Fantin et al, 1993; Craft et al, 2011).  
Thus, FA in combination with other 
ant i -MRSA ant ibiot ics  has  been 
suggested to improve its activity 
and repress emergence of resistance 
(Whitby,  1999).   However,  there 
is a lack of evidence on the most 
suitable FA combination, but FA plus 
rifampicin (RIF) is commonly used 
for oral treatment of bone and joint 
infections (Aboltins et al, 2007).  On the 
other hand, there is the worry that use 
of RIF could induce selection of RIF-
resistant Mycobacterium tuberculosis 
in TB endemic regions (Glaziou et al, 
2014).  Currently, there are limited 
reports regarding other oral agents 
for use with FA against both standard 
and high inoculums of MRSA (Wang 
et al, 2012). 
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Here, a study was conducted 
to determine in vitro activity of FA 
alone and in combination with five 
other oral antimicrobial agents that 
possess anti-MRSA activity, namely, 
ciprofloxacin (CIP),  cl indamycin 
(CLI), doxycycline (DOX), RIF, and 
trimethoprim/sulfamethoxazole (TMP/
SMX), against MRSA at standard and 
high inoculums.  The result from the 
study might provide other options 
for oral treatment of MRSA infection 
that requires long term antimicrobial 
therapy. 

MATERIALS AND METHODS

Antibiotics source

FA was from Sigma-Aldrich (St 
Louis, MO); DOX and RIF were from 
Bio Basic Canada Inc (Ontario, Canada) 
and CIP, CLI and TMP/SMX were from 
the Bureau of Drug and Narcotics, 
Ministry of Public Health, Nonthaburi 
Province, Thailand. 

MRSA isolates source

MRSA isolates were from clinical 
specimens of hospitalized patients at 
Songklanagarind Hospital, Faculty 
of  Medic ine ,  Pr ince  of  Songkla 
Univers i ty ,  Songkhla  Province , 
Thailand obtained between April 2013 
and December 2014.  Isolates were 
produced by culturing on mannitol 
salt agar (OXOID, Hampshire, UK) 
and S. aureus isolates were identified 
using standard biochemical tests 
(Church, 2016) methicillin resistance 

was determined by a cefoxitin disk 
diffusion method (CLSI, 2014), with 
S. aureus ATCC 29213 used as control 
strain.  The isolates were stored at 
-80oC until used.  

The research protocols  were 
approved by the Ethics Committee, 
Faculty of Medicine, Prince of Songkla 
University (no. 57-268-14-1).  Prior 
written consent was waived because 
in vitro research poses no risk to 
subjects and names were redacted 
from samples.

MRSA inoculum preparation 

MRSA inoculum was prepared 
in cation-adjusted Mueller-Hinton II 
broth (CAMHB) (Becton, Dickinson 
and Co, Sparks, MD) and bacterial 
suspension visually inspected for 
turbidity and a direct colony suspension 
was prepared at 0.5 McFarlan unit 
(1.5x108 colony forming unit (CFU)/
ml) (CLSI, 2012).  Turbidity of the 
bacterial suspension was adjusted to 
105 CFU/ml (standard inoculum) and 
108 CFU/ml (high inoculum).

D e t e r m i n a t i o n  o f  m i n i m u m 
inhibitory concentrations (MICs)

MICs of CIP, CLI, DOX, CIP, RIF, 
and TMP/SMX were determined by 
a microdilution method in CAMHB 
(CLSI, 2012) carried out in a 96-well 
microtiter plate (CLSI, 2014).  For 
standard inoculum, each antimicrobial 
was tested with a series of two-fold 
serial dilutions of CIP ranging 0.063-
128 μg/ml, CLI 1-2,048 μg/ml, DOX 
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0.016-32 μg/ml, FA 0.004-8 μg/ml, 
RIF 0.008-16 μg/ml, and TMP/SMX 
0.031/0.594-64/1,216 μg/ml); and for 
high inoculum, with CIP ranging 
0.063-512 μg/ml, CLI 0.016-512 μg/
ml, DOX 1-2,048 μg/ml, FA 0.004-8 
μg/ml, RIF 2-4,267 μg/ml, and TMP/
SMX 0.031/0.594-64/1,216 μg/ml.  MIC 
values for CIP, CLI, DOX, RIF, and 
TMP/SMX were determined according 
to CLSI guidelines (CLSI, 2014) while 
MIC of FA was according to the 
European Committee on Antimicrobial 
Susceptibility Testing (EUCAST, 2014).  
TMP/SMX MIC is reported as that of 
TMP. S. aureus ATCC 29213 was used 
as control strain.  Each experiment was 
carried out in duplicate. 

FA drug combination assay of MRSA

In order to test the effects of FA 
combined with other antimicrobials 
on clinical MRSA isolates (n = 12), a 
checkerboard assay was performed 
for both standard and high inoculums.  
The antimicrobial combinations (FA + 
CIP, FA + CLP, FA + DOX, FA + RIF, and 
FA + TMP/SMX) were carried out using 
range of concentrations and conditions 
as described above.  S. aureus ATCC 
29213 was used as control strain.  
Then, the summation of fractional 
inhibitory concentration (ΣFIC) for 
each antimicrobial pair at standard 
and high inoculums was calculated 
as follows: ΣFIC = (MIC of drug A + 
drug B/MIC of drug A alone) + (MIC of 
drug B + drug A/MIC of drug B alone).  

Synergic, additive, and antagonistic 
effect were defined as ΣFIC = ≤0.5, 
>0.5-1.0, and ≥4.0, and any other values 
defined as indifferent, respectively 
(Hindler and Humphries, 2016). 

RESULTS

Clinical MRSA isolates (n = 71) 
were collected from various sites of 
infections: from sterile sites [blood  
(n = 10), body tissue (n = 8) body 
fluid (n = 2), and cerebrospinal fluid  
(n = 1)] and from non-sterile sites [sputum  
(n = 28), other non-normally sterile 
body fluid (n = 15), urine (n = 3), and 
other sources (n = 4)].

FA, RIF and TMP/SMX were the 
most active agents against MRSA (>90% 
susceptibility) followed by DOX (47% 
susceptibility) (Table 1).  MRSA isolates 
were highly resistant to CLI and CIP 
(<5% susceptibility).  At high inoculum 
(108 CFU/ml), MICs of all antimicrobial 
agents were markedly increased  
(Table 2).

Using standard inoculum (105 

CFU/ml), combination of FA+DOX and 
FA+RIF showed synergism in 4/12 (33%) 
and 4/12 (33%) tested isolates, whereas 
FA+TMP/SMX showed antagonism in 
only 2/12 (17%) isolates.  However, at 
high inoculum, tests of FA antimicrobial 
combinations were unable to be 
performed in 8-42% of the test isolates 
as MIC values of  antimicrobials 
for some test isolates could not be 
determined (Table 2); nonetheless, 
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where MIC values were available for 
both antimicrobials present in the 
combination, combination of FA with 
CLI, CIP, TMP/SMX, and DOX showed 
synergism in 3, 3, 3, and 6 of the 12 
tested isolates, respectively (Table 3).

DISCUSSION

D e e p - s e a t e d  i n f e c t i o n s  d u e 
to MRSA such as osteomyelitis or 

prosthetic joint infections require 
long duration of antibiotic treatment 
(Aboltins et al, 2007).  Use of oral 
anti-MRSA agents after adequate 
IV antibiotic could reduce patients’ 
hospital length of stay and cost.  FA 
is frequently used in this manner in 
some countries including Thailand 
due to the high cost of linezolid and 
the low prevalence of FA resistance.  
The susceptibility rate of MRSA to FA 

Table 1

Minimum inhibitory concentration range, 50th and 90th percentiles, percent of 
susceptible isolates of antimicrobials against methicillin-resistant Staphylococcus 

aureus clinical isolates from Songklanagarind Hospital, Faculty of Medicine, 
Prince of Songkla University, Songkhla Province, Thailand  

(April 2013 - December 2014)

Antimicrobial MIC (µg/ml) Percent of susceptible 
isolatesa

Number (%)
(N = 71)

MIC50 MIC90 MIC range

Fusidic acid 0.25 1 0.062-2 65 (92)

Trimethoprim/ 
sulfamethoxazole

0.062b 2b <0.031-16b 65 (92)

Rifampicin <0.008 1 <0.008-16 65 (92)

Doxycycline 8 16 <0.016->32 34 (48)

Ciprofloxacin 64 64 0.125-128 23(32)

Clindamycin 1,024 2,048 <1->2,048 3 (4)
aantimicrobial susceptible strains were defined based on their MIC value including ciprofloxacin 
≤1 µg/ml, clindamycin ≤0.5 µg/ml, doxycycline ≤4 µg/ml, fusidic acid ≤1 µg/ml, rifampicin ≤1 
µg/ml, trimethoprim/sulfamethoxazole ≤2/38 µg/ml  
bReported as trimethoprim concentration

MIC: minimum inhibitory concentration; MIC50: 50th percentile MIC; MIC90: 90th percentile 
MIC; µg/ml: microgram per milliliter
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is approximately 97-100% based on 
several reports from 2013 to 2019 in 
different region of Thailand (Wongsuk 
and Nutalai, 2015; Chatreewattanakul 
et al, 2015; Bunnueang et al, 2016; 
Division of Microbiology, 2020).  In the 
current study, clinical MRSA isolates 
were still highly susceptible (>90%) to 
FA, RIF and TMP/SMX, although in 
vitro activity of these three antibiotics 
was reduced in the high inoculum 
experiments.  Efficacy of other oral 
anti-staphylococcal drugs was limited: 
<5% of MRSA strains were susceptible 
to CIP and CLI and only 50% were 

susceptible to DOX.  The results 
would indicate precluding use of these 
latter agents in monotherapy to treat 
MRSA infection as well as the former 
set in situations of high inoculum.  
Additionally, emerging resistance of 
bacterial subpopulations is a concern 
for FA monotherapy (Okusanya et 
al, 2011).  Earlier, Chang et al (2000) 
demonstrated oral FA monotherapy 
results in FA resistance in 33% of 
previously FA susceptible strains.

In vitro assays of clinical MRSA 
isolates at standard inoculum to FA 
combinations, we observed synergisms 

Table 2

Effect of inoculum size on antimicrobial minimum inhibitory concentrations of 
methicillin-resistant Staphylococcus aureus clinical isolates (n = 12)  

from Songklanagarind Hospital, Faculty of Medicine, Prince of  
Songkla University, Songkhla Province, Thailand  

(April 2013 - December 2014)

Antimicrobial MIC range (µg/ml)

105 CFU/ml 108 CFU/ml

Fusidic acid 0.062-2 0.5-≥8

Trimethoprim/sulfamethoxazole ≤0.031-16* ≥64*

Rifampicin ≤0.008-2 16.7-≥4,267

Doxycycline ≤0.016-16 128-≥2,048

Ciprofloxacin 0.125-128 64-≥512

Clindamycin 0.031-≥512 0.5-≥512

*Reported as trimethoprim concentration

CFU: colony forming unit; MIC: minimum inhibitory concentration; ml: milliliter; µg/ml: 
microgram per milliliter
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of FA with DOX and with RIF, and 
antagonism with TMP/SMX in only a 
minority of isolates.  At high inoculum, 
although combination assays for  
8-42% of isolates could not be performed 
as MIC values were not measurable 
for one or both of the antimicrobials, 
synergisms were observed in a minority 
of isolates for all FA combinations.   
It is worth noting that synergism of 
FA with DOX was obtained with 50% 
of isolates.  Antagonism was observed 
in two MRSA isolates for FA+TMP/
SMX at standard inoculum.  Thus, all 
five FA combinations could be used 
at both standard and high inoculums, 
a l though at  s tandard inoculum  
there was a small  possibi l i ty of 
antagonism in combination of FA with 
TMP/SMX. 

Biedenbach et al (2010) reported 
synergistic or additive effects for 
FA + RIF combination in all MRSA 
isolates tested.  Although FA and 
D O X  a c t  b y  i n h i b i t i n g  p r o t e i n 
synthesis, FA acts at 50S and DOX 
at 30S ribosome (Biedenbach et al, 
2010), thereby explaining the absence 
of antagonism.  Beppler et al (2017) 
reported combinations of inhibitors 
of protein and DNA synthesis result 
in antagonistic interactions, providing 
an explanation for the antagonism of 
FA + TMP/SMX combination as each 
of the latter two antibiotics inhibit 
different enzymes involved in folic 
acid metabolism required for DNA 
synthesis (MacDougall, 2018).  

This study has several limitations.  
Firstly, the number of MRSA isolates 
studied was low.  Secondly, findings 
should be  appl ied with  caut ion 
in clinical situations since in vitro 
study might not predict or correlate 
with cl inical  outcome.   Thirdly, 
a l l  c l in ica l  MRSA isolates  were 
from one hospital and confirmation 
from other hospitals in the country 
i s  r e q u i r e d .   F o u r t h l y ,  g e n e t i c 
confirmation of antibiotic resistance 
of MRSA isolates was not performed.  
And fifthly, although prevalence of 
community-acquired (CA)-MRSA 
i n f e c t i o n s  i s  < 3 %  ( J e n k i n s  a n d 
Schuetz, 2012; Wongsuk and Nutalai, 
2015),  the findings might not be 
applicable to CA-MRSA isolates.  
Mekviwat tanawong  e t  a l  ( 2006) 
reported <5% of S. aureus isolated 
from patients with community onset 
sepsis are resistant to oxacillin. 

In summary, the study shows 
clinical MRSA isolates (collected from 
2013 to 2014) were still susceptibility 
to fusidic acid.  No antagonisms were 
observed for fusidic acid combinations 
with  four  other  ant imicrobia ls , 
namely, ciprofloxacin, clindamycin, 
d o x y c y c l i n e ,  a n d  r i f a m p i c i n .  
Synergism in drug combinations were 
observed at low frequencies, except for 
fusidic acid/doxycycline combination 
at high inoculum.  Further clinical 
investigations of fusidic/doxycycline 
for bone and joint MRSA infections 
appear warranted.
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