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İn Vitro Activity of Linezolid in
Combination with Vancomycin,

Teicoplanin, Fusidic Acid, and Ciprofloxacin
Against Gram-Positive Pathogens

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  In this study, it was ai med to in ves ti ga te in vit ro ac ti vi ti es of li ne zo lid com-
bi ned with van comy cin, te i cop la nin, fu si dic acid, and cip rof lo xa cin aga inst Gram-po si ti ve pat ho -
gens. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  This study was con duc ted at Ege Uni ver sity, Fa culty of Phar macy,
De part ment of Phar ma ce u ti cal Mic ro bi o logy. Cli ni cal iso la tes used in this study we re ob ta i ned ret-
ros pec ti vely from the col lec ti on of Ege Uni ver sity Me di cal Fa culty, De part ment of Mic ro bi o logy
and Cli ni cal Mic ro bi o logy, Bac te ri o logy La bo ra tory. Mi ni mal in hi bi tor con cen tra ti ons (MICs) of test
stra ins_met hi cil lin-sus cep tib le Staph ylo coc cus au re us (MSSA), met hi cil lin-re sis tant S. au re us
(MRSA), van comy cin in ter me di a te S. au re us (VI SA), Mu50 (van comy cin in ter me di a te S. au re us
stra in), met hi cil lin-sus cep tib le Staph ylo coc cus epi der mi dis (MSSE),  met hi cil lin-re sis tant S. epi-
der mi dis (MRSE), van comy cin-sus cep tib le En te ro coc cus fa e ca lis (VSE) and van comy cin-re sis tant
E. fa e ca lis (VRE)) we re de ter mi ned by mic ro di lu ti on met hod. Ti me-kill stu di es we re per for med
over 24 h using an ino cu lum of 5 x 106 and 1 x 107 CFU/mL. An ti bi o tics we re tes ted at con cen tra -
ti ons 1x and 4 x MIC (minimum inhibitory concentration). RRee  ssuullttss::  Synergy was de tec ted bet we -
en li ne zo lid plus te i cop la nin and fu si dic acid at 1 x MIC con cen tra ti ons in MSSA stra in. In MRSE
stra in, li ne zo lid sho wed the sa me ef fect with fu si dic acid at 1xMIC. An ta go nis tic ef fect was fo und
li ne zo lid plus van comy cin and te i cop la nin (4 x MIC) in VSE and li ne zo lid plus cip rof lo xa cin (4 x
MIC) in MRSE stra in. CCoonncc  lluu  ssii  oonn::  In this study, li ne zo lid plus fu si dic acid ap pe a red to be the most
ac ti ve com bi na ti on aga inst Gram-po si ti ve pat ho gens.

KKeeyy  WWoorrddss::  Drug com bi na ti ons; li ne zo lid; drug syner gism 

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma da, li ne zo li din van ko mi sin, te i kop la nin, fu si dik asit ve sip rof lok sa sin ile
kom bi nas yon la rı nın Gram-po zi tif pa to jen ler üze ri ne in vit ro et kin li ği nin araş tı rıl ma sı amaç lan dı.
GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma, Ege Üni ver si te si Ec za cı lık Fa kül te si, Far ma sö tik Mik ro bi yo lo ji Ana -
bi lim Da lı’n da ger çek leş ti ril di. Ça lış ma da kul la nı lan kli nik izo lat lar, Ege Üni ver si te si Tıp Fa kül te si,
Mik ro bi yo lo ji ve Kli nik Mik ro bi yo lo ji Ana bi lim Da lı, Bak te ri yo lo ji La bo ra tu va rı’n dan ret ros pek tif
ola rak sağ lan dı. Ça lış ma kö ken le ri nin (me ti si lin-du yar lı Staph ylo coc cus au re us (MSSA), me ti si lin-
di renç li S. au re us (MRSA), van ko mi sin or ta dü zey de di renç li S. au re us (VI SA), Mu50 (van ko mi sin
or ta dü zey de di renç li S. au re us kö ke ni), me ti si lin-du yar lı Staph ylo coc cus epi der mi dis (MSSE),  me -
ti si lin-di renç li S. epi der mi dis (MRSE), van ko mi sin-du yar lı En te ro coc cus fa e ca lis (VSE) ve  van ko -
mi sin-di renç li E. fa e ca lis (VRE))  mi ni mum in hi bi tör kon san tras yon (MİK) de ğer le ri mik ro di lüs yon
yön te mi kul la nı la rak be lir len di. 24 sa at lik za ma na bağ lı öl dür me eğ ri si yön te mi, 5 x 106 ve 1 x 107

CFU/mL bak te ri ino ku lu mu kul la nı la rak uy gu lan dı. An ti bi yo tik ler MİK ve 4 x MİK dü zey le rin de test
edil di. BBuull  gguu  llaarr::  Me ti si lin-du yar lı S. au re us kö ke nin de li ne zo li din te i kop la nin ve fu si dik asit ile 1 x
MİK (minimum inhibe edici konsantrasyon) kon san tras yo nun da ki kom bi nas yo nun da si ner ji sap -
tan dı. Me ti si lin-di renç li S. au re us kö ke nin de de li ne zo lid, fu si dik asit ile 1 x MİK kon san tras yo nun -
da yi ne ay nı et ki le şi mi gös ter di. Li ne zo lid VSE kö ke nin de van ko mi sin ve te i kop la nin ile, MRSE
kö ke nin de ise sip rof lok sa sin ile an ta go nis tik et ki gös ter di. SSoo  nnuuçç::  Bu ça lış ma da, li ne zo li din Gram-po -
zi tif pa to jen ler üze ri ne en et ki li kom bi nas yo nu fu si dik asit ile oluş tur du ğu gö rül dü. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: İlaç kom bi nas yon la rı; li ne zo lid; ilaç si ner jiz mi  
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o so co mi al in fec ti ons du e to Gram-po si ti ve
pat ho gens are as so ci a ted with high mor bi -
dity and mor ta lity. The ma in an ti bi o tics

used to tre at the se in fec ti ons are the glyco pep ti des,
but the emer gen ce of van comy cin re sis tan ce in En-
te ro coc ci and Staph ylo coc ci ha ve re cently be en re-
por ted. An ti mic ro bi al re sis tan ce among Gram-
po si ti ve coc ci has ne ces si ta ted the ra pid de ve lop -
ment of no vel an ti mic ro bi al clas ses, such as the ox-
a zo li di no nes.1-5

Li ne zo lid is an an ti mic ro bi al agent of the oxa -
zo li di no nes with po tent ac ti vity aga inst mul tid -
rug-re sis tant Gram-po si ti ve pat ho gens. It is a
to tally synthe tic agent and acts thro ugh the in hi -
bi ton of pro te in synthe sis and thus bac te ri al trans-
la ti on at the ini ti al pha se of pro te in synthe sis.
Exis ting mec ha nism of re sis tan ce to ot her ri bo so -
mal agents do es not con fer cross-re sis tan ce to li ne -
zo lid. Ac cor ding to the re sults of ti me-kill as says,
li ne zo lid de mons tra ted bac te ri os ta tic ac ti vity aga -
inst staph ylo coc ci and en te ro coc ci.1,5-8

An ti mic ro bi al com bi na ti on the rapy may be
used to pro vi de bro ad spec trum co ve ra ge, pre vent
the emer gen ce of re sis tant mu tants and ob ta in a
synergy bet we en both an ti mic ro bi al agents. An ti -
mic ro bi al com bi na ti ons are con si de red to be syner -
gis tic if the ef fect of com bi na ti on is gre a ter than
the ef fect of eit her agent alo ne or gre a ter than the
sum of the ef fects of the in di vi du al agents. An ta -
go nism may ap pe ar if the com bi na ti on pro vi des an
ef fect less than the ef fect of eit her agent alo ne or
less than the sum of the ef fects of the in di vi du al
agents. The re are few re ports on in vit ro ac ti vi ti es
of li ne zo lid in com bi na ti on with dif fe rent an ti mic -
ro bi al agents.6,9-11

The ob jec ti ve of this study was to de ter mi ne
the in vit ro ac ti vi ti es of li ne zo lid com bi ned with
ot her an ti mic ro bi al agents (van comy cin, te i cop la -
nin, cip rof lo xa cin, fu si dic acid) aga inst drug-sen si -
ti ve and dru g– re sis tant Staph ylo coc cus au re us and
En te ro coc cus fa e ca lis.

MA TE RI AL AND MET HODS
This study was con duc ted at Ege Uni ver sity, Fa c-
ulty of Phar macy, De part ment of Phar ma ce u ti cal
Mic ro bi o logy. Cli ni cal stra ins of S. au re us, S. epi-

der mi dis and E. fa e ca lis we re ob ta i ned ret ros pec ti -
vely from the col lec ti on of Ege Uni ver sity Me di cal
Fa culty, De part ment of Mic ro bi o logy and Cli ni cal
Mic ro bi o logy, Bac te ri o logy La bo ra tory. The test
or ga nisms inc lu ded one met hi cil lin-re sis tant S. au-
re us (MRSA), one met hi cil lin-sus cep tib le S. au re us
(MSSA), one van comy cin-in ter me di a te S. au re us
(VI SA), Mu50 (van comy cin-in ter me di a te S. au re us
stra in), one met hi cil lin-re sis tant S. epi der mi dis
(MRSE), one met hi cil lin-sus cep tib le S. epi der mi dis
(MSSE), one van comy cin-re sis tant E. fa e ca lis
(VRE), and one van comy cin-sus cep tib le E. fa e ca lis
(VSE). 

Li ne zo lid, van comy cin, te i cop la nin, cip rof lo -
xa cin, and fu si dic acid we re pro vi ded by the ma n-
u fac tu rers. MIC le vels of li ne zo lid we re de ter mi ned
by mic ro di lu ti on met hod using Mu el ler-Hin ton
broth (MHB) (Merck) ac cor ding to the cri te ri a of
the Na ti o nal Com mit te e for Cli ni cal La bo ra tory
Stan dards (NCCLS).12 S. au re us ATCC 29213 and E.
fa e ca lis ATCC 29212 we re used as the re fe ren ce
stra ins.

For each stra in, li ne zo lid was stu di ed alo ne
and in com bi na ti on with fu si dic acid, cip rof lo xa -
cin, van comy cin, and te i cop la nin at the MIC and
4xMIC (minimum inhibitory concentration) con-
cen tra ti ons. Ac cor ding to Krogs tad and Mo el le ring
method ti me-kill stu di es we re per for med in flasks
con ta i ning MHB and sing le or com bi na ti ons of an-
ti bi o tics.13 Over night bac te ri al cul tu res we re ad jus -
ted to a tur bi dity equ i va lent to that of a 0.5
McFar land stan dard, and furt her di lu ted to yi eld a
star ting ino cu lum ran ging bet we en 5 x 106 and 1 x
107 CFU/mL. In each ca se, an an ti bi o tic-fre e con-
trol was pre pa red and the sa me pro ce du re app li ed.
At 0, 6, and 24 h of in cu ba ti on at 37°C, samp les we -
re re mo ved from test and growth-con trol cul tu res
and ap prop ri a tely di lu ted with cold 0.9 % of so di -
um chlo ri de and ino cu la ted on to Mu el ler-Hin ton
agar pla tes. Af ter in cu ba ti on at 37°C for 24 or 48 h,
bac te ri al co lo ni es we re co un ted. All ti me-kill stu -
di es we re per for med twi ce.      

Synergy or an ta go nism was de fi ned as an in cre -
a se or dec re a se of at le ast 100-fold com pa red to the
ef fect of the sing le most ac ti ve agent at 24 or 48 h.
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RE SULTS
An ti bi o tics’ MICs for stra ins we re shown in Tab le
1. All stra ins we re sus cep tib le to li ne zo lid. Mu50,
VI SA and VRE stra ins sho wed in cre a sed MICs of
van comy cin and te i cop la nin. MRSA, Mu50, VI SA,
and VRE stra ins we re re sis tant to cip rof lo xa cin. All
stra ins we re sus cep tib le to fu si dic acid, ex cept for
MRSE.

In MSSA stra in, li ne zo lid de mons tra ted ad di -
ti ve ef fect with van comy cin and syner gis tic ef fect
with te i cop la nin and fu si dic acid at MIC con cen -
tra ti ons af ter 24 h of in cu ba ti on (Fi gu re 1). Abo ut
MRSA and Mu50, li ne zo lid and fu si dic acid com bi-
na ti on sho wed ad di ti ve ef fect at MIC and 4xMIC
at 24 h. In MRSE stra in li ne zo lid, in com bi na ti on
with van comy cin (1 x MIC) and te i cop la nin (4 x
MIC), sho wed an ad di ti ve in te rac ti on. Alt ho ugh li -
ne zo lid ex pres sed syner gis tic ef fect with fu si dic
acid at MIC, it de mons tra ted an ta go nis tic ef fect
with cip rof lo xa cin at 4 x MIC af ter 6 and 24 h in
MRSE stra in (Fi gu re 2). Ad di ti ve ef fect was de tec -
ted when te i cop la nin ad ded li ne zo lid at 4 x MIC
con cen tra ti on in MSSE. An ta go nis tic in te rac ti on
was ob ser ved li ne zo lid plus van comy cin and te i -
cop la nin (4 x MIC) in VSE du ring 24 h (Fi gu re 3).
In VRE stra in, ad di ti ve ef fect was ex hi bi ted bet -
we en li ne zo lid and fu si dic acid at the MIC con cen-
tra ti on. 

DIS CUS SI ON
Li ne zo lid is a no vel an ti bi o tic with ex cel lent ac ti -
vity aga inst mul tid rug re sis tant Gram-po si ti ve or-

ga nisms. Des pi te the re por ted low fre qu en ci es of
mu ta ti on to li ne zo lid in vit ro, the de ve lop ment of
re sis tan ce among both En te ro coc ci and Staph ylo -
coc ci du ring li ne zo lid the rapy has be en des cri bed
pre vi o usly. In cli ni cal set tings, li ne zo lid may be
com bi ned with ot her an ti mic ro bi al agents in or der
to in cre a se the bac te ri ci dal ac ti vity of the rapy, pre-
vent the emer gen ce of drug-re sis tant sub po pu la ti -
ons and pro vi de a comp le men tary an ti mic ro bi al
spec trum.6,9,14

Re cently pub lis hed stu di es ha ve in ves ti ga ted
the in vit ro ac ti vi ti es of li ne zo lid in com bi na ti on
with dif fe rent an ti mic ro bi al agents. No syner gis -
tic com bi na ti on  inc lu ding li ne zo lid in com bi na ti -
on with gen ta mi cin, van comy cin, cip rof lo xa cin,
ri fam pin, fu si dic acid, or fos fomy cin was ob ser ved
in tho se in vit ro stu di es. In ti me-kill cur ves, the
com bi na ti on ap pe ars to be an ta go nis tic when li ne-
zo lid was com bi ned with gen ta mi cin, van comy -
cin, cip rof lo xa cin, and fos fomy cin. In this con text,
new in ves ti ga ti ons in to the ef fects of drugs in
com bi na ti on with li ne zo lid may be worth whi -
le.9,10

In this study, synergy was de tec ted bet we en
li ne zo lid plus te i cop la nin and fu si dic acid at 1xMIC
con cen tra ti ons in MSSA stra in. In MRSE stra in, li -
ne zo lid sho wed the sa me ef fect with fu si dic acid at
1 x MIC. An ta go nis tic ef fects we re fo und bet we en
li ne zo lid plus van comy cin and te i cop la nin (4 x
MIC) in VSE and li ne zo lid plus cip rof lo xa cin (4 x
MIC) in MRSE stra ins. Li ne zo lid sho wed ad di ti ve
in te rac ti on with van comy cin, te i cop la nin and fu si -
dic acid in so me stra ins. 
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TABLE 1: MIC values of antibiotics against the test strains.

MIC (µg/mL)

Strain Linezolid Vancomycin Teicoplanin Ciprofloxacin Fusidic acid 

MSSA 2 0.5 0.5 0.125 0.125

MRSA 2 0.5 0.5 8 0.06

Mu50 0.5 8 16 8 2

VISA 0.5 8 8 32 2

MSSE 1 0.5 0.5 0.125 0.06

MRSE 0.5 1 2 0.06 16

VSE 0.5 0.25 0.03 1 2

VRE 1 64 32 32 4



Swe e ney and Zurenko ha ve in ves ti ga ted the
in vit ro ac ti vi ti es of li ne zo lid com bi ned with 35 an-
ti mic ro bi al agents aga inst Staph ylo coc ci and En te -
ro coc ci using the chec ker bo ard met hod.11

Alt ho ugh the com bi na ti ons pre do mi nantly sho wed
no dif fe ren ce aga inst MRSA and MSSA stra ins, li -
ne zo lid com bi ned with amo xi cil lin was syner gis tic
aga inst thre e MRSA stra ins and li ne zo lid plus imi -
pe nem sho wed syner gism aga inst one MSSA stra in.
In VRE and VSE stra ins, li ne zo lid in com bi na ti on
with ot her an ti mic ro bi als pre do mi nantly sho wed
no dif fe ren ce. Whi le li ne zo lid plus te i cop la nin was
syner gis tic aga inst one VSE stra in, an an ta go nis tic
ac ti vity was de tec ted bet we en li ne zo lid plus of lo -
xa cin aga inst one VSE, and li ne zo lid plus sparf lo xa -
cin aga inst one VRE stra in. 

In a study con duc ted in Fran ce, in vit ro com-
bi na ti on of li ne zo lid with van comy cin, cip rof lo xa -
cin, gen ta mi cin, fu si dic acid, and ri fam pin was
in ves ti ga ted on fi ve MSSA and fi ve MRSA stra ins.10

When com bi ned with fu si dic acid, gen ta mi cin or
ri fam pin, li ne zo lid did not show any syner gis tic ef-
fect. When li ne zo lid was com bi ned with van comy -
cin and cip rof lo xa cin, a slight an ta go nism was
ob ser ved. 

Jo nes et al, ha ve in ves ti ga ted the in vit ro ac ti -
vi ti es of oxa zo li di no nes plus gen ta mi cin and van-
comy cin.4 Whi le com bi ned with gen ta mi cin,
oxa zo li di no nes sho wed syner gis tic ef fect aga inst
strep to coc ci but not aga inst staph ylo coc ci.

Jac qu e li ne et al, tes ted li ne zo lid alo ne and in
com bi na ti on with gen ta mi cin, van comy cin, and ri-
fam pi cin aga inst MRSA stra ins.9 Li ne zo lid had an ta -
go nis tic ef fect with gen ta mi cin and when com bi ned
with ri fam pi cin, it sho wed an ad di ti ve in te rac ti on.
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FI GU RE 1: Ti me-kill cur ves of MSSA stra in ex po sed to an ti mic ro bi al agents
at the MIC con cen tra ti on. A:▲ li ne zo lid alo ne, ◊ van comy cin alo ne, ● te i -
cop la nin alo ne, ■ fu si dic acid alo ne, ♦ con trol. B: ▲ li ne zo lid plus van comy -
cin (ad di ti ve in te rac ti on), ● li ne zo lid plus te i cop la nin (syner gis tic in te rac ti on),
■ li ne zo lid plus fu si dic acid (syner gis tic in te rac ti on), ♦ con trol.

FI GU RE 2: Ti me-kill cur ves of MRSE stra in ex po sed to an ti mic ro bi al agents at 4xMIC con cen tra ti on. A:▲ li ne zo lid alo ne, ■ fu si dic acid alo ne,● li ne zo lid plus fu-
si dic acid (syner gis tic in te rac ti on), ♦ con trol. B: ▲ li ne zo lid alo ne, ■ cip rof lo xa cin alo ne, ● li ne zo lid plus cip rof lo xa cin (an ta go nis tic in te rac ti on), ♦ con trol.



In anot her study con duc ted by the sa me in ves-
ti ga tors, syner gis tic ef fect was de mons tra ted bet -
we en li ne zo lid and imi pe nem.6

Mü la zı moğ lu et al ha ve re por ted that li ne zo lid
sho wed no syner gis tic or an ta go nis tic ef fect with
ri fam pin and van comy cin.15 In anot her study, li ne -
zo lid re du ced the bac te ri ci dal ef fect of fos fomy cin
aga inst a MRSA stra in.16

To da te, as se en abo ve, the re ha ve be en few in
vit ro stu di es re la ted to com bi na ti ons of li ne zo lid
with ot her drugs. Whi le Swe e ney et al, fo und syn-
er gis tic ef fect in VSE stra in bet we en te i cop la nin
and li ne zo lid, we saw the sa me ef fect in MSSA stra -
in.11 In this study, an ta go nis tic ef fect was ob ser ved
with li ne zo lid plus van comy cin and cip rof lo xa cin
as se en in a study con duc ted in Fran ce.10

CONC LU SI ON
An ti bi o tic com bi na ti ons that inc lu de li ne zo lid can
be used in the tre at ment of mul ti re sis tant Gram-
po si ti ve in fec ti ons. We ha ve de tec ted syner gis tic
and an ta go nis tic in te rac ti ons bet we en li ne zo lid
and so me ot her drugs. Li ne zo lid plus fu si dic acid
ap pe a red to be the most ac ti ve com bi na ti on aga -
inst Gram-po si ti ve pat ho gens. Con se qu ently, in vi -
vo stu di es are ne e ded to va li da te the in vit ro
ob ser va ti ons re por ted he re with ti me-kill ex pe ri -
ments.
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FI GU RE 3: Time-kill curves of VSE strain exposed to antimicrobial agents at 4xMIC concentration. A: ■ linezolid alone, ● vancomycin alone, ▲ teicoplanin
alone, ♦ control. B: ▲ linezolid plus vancomycin (antagonistic interaction), ■ linezolid plus teicoplanin (antagonistic interaction), ♦ control.
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