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Effects of Linezolid on Suppressing Heteroresistant Vancomycin

Subpopulations among Heteroresistant Vancomycin
Intermediate Staphylococcus aureus (hVISA)
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Infections due to heterogeneous Vancomycin Intermediate Staphylococcus aureus
(hVISA) are associated with vancomycin treatment failure, in which they raise a great
concern for treatment options for hVISA infections. Earlier studies indicate that the
combination of vancomycin and linezolid should be avoided. The aim of this study was
to compare the in vitro activities of vancomycin and linezolid against hVISA in a setup,
to help formulate a better treatment and reduce the emergence of hVISA. In this particular
study, 8 hVISA were studied. Different methods were applied to all the isolates in order
to assess their tolerance to vancomycin and to detect the presence of heterogeneous
subpopulations within strains, in the presence of different concentrations of linezolid.
The methods included minimum inhibitory concentration, Time-Kill experiments and
Population Analysis Profiling. When linezolid was combined with vancomycin, slight or
no antagonism was observed. Despite this, we find that the combination with linezolid
reduces the emergence of heteroresistant vancomycin resistant among hVISA. Despite
previous studies indicating that vancomycin and linezolid in combination should be
avoided, Sub MIC of Linezolid could be used to reduce vancomycin treatment failures
among hVISA infections.
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Methicillin-resistant Staphylococcus
aureus (MRSA) is a major cause of nosocomial
and community acquired infectionsthat continue
to cause a variety of clinical syndromes all over
the world. There are few numbers of new
antibacterial agents available to treat these |ethal
infections(Thati et al., 2011). Glycopeptides, such
as vancomycin have been widely used for the
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treatment of MRSA, which created a selection
pressure resulting in the development of new
strainswith areduced susceptibility to vancomycin
(Tarai etal., 2013).

Sequential mutations in vancomycin-
Susceptible Staphylococcus aureus(VSSA) lead
to the emergence of vancomycin-intermediate
Staphylococcus aureus (VISA) and hVISA.
Increases in the prevalence of strains with higher
level vancomycin resistant are a challenging and
serious public health concern (Sharma, 2012). Site-
Specific Mutation, frequently occurring in genes
important for cell wall metabolism such
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asvraRS and graRS, have been associated with the
cell wall modifications. Although it is accepted
that hVISA strains are phenotypically susceptible
to vancomycin by using Minimum Inhibitory
concentration method (MIC); subpopulation
analysis profile, however reveals subpopulations
of bacterial cells with increase resistant to
vancomycin.. The proportion of S, aureusisolates
that are hVISA increase as the vancomycin MIC
increases with consequent adverse clinical
outcome (Howden et al.,2011).

In 2006, the Clinical and Laboratory
Standards Institute (CLSI) decrease the
vancomycin susceptibility break point for S aureus
from 4 to 2 pg/ml. Currently, the CLSI defined
vancomycin breakpoints as follows: susceptible
at <2 ug/ml, intermediate at 4- 8 ug/ml, and resistant
at >16 pg/ml (CLSI, 2012). Inthe other hand, both
the British Society for Antimicrobial Chemotherapy
(BSAC) define S. aureus strains as vancomycin
susceptible (MIC <2 ug/ml) or resistant (MIC > 2
pug/ml) (BSAC, 2011).

MRSA infections such as bacteraemia,
endocarditis and osteomyelitis have been
associated with clinical strains with
aheteroresistance to vancomycin, and this may
increase therates of vancomycin treatment failure.
The oxazolidinone antibiotics, linezolid, is one of
the recent treatment options for Gram Positive
Bacteriaand has exhibited agood activity against
most multidrugsresistant bacteria, including MRSA
(Rubinstein et al., 2001). Oxazolidinone antibiotics
act by inhibiting ribosomal protein synthesisat an
early stage of bacterial replication which resultsto
the absence of cross-resistance with other
antimicrobialsagents (Lentino et al., 2008).

The higher incidence of nosocomial
infections due to MRSA and the report of
therapeutic failures associated with standard
therapy highlight the significant of identifying new
synergistic drug combinations to avoid this
problem. The value of linezolid as part of a drug
combination has been investigated against MRSA
strains, but very few datahasbeen reported against
hVISA or VISA strains (Sacar et al., 2007).

This study is purposed to re-evaluate the
in vitro activities of vancomycin and linezolid
against hVISA inaset upto help formul ate a better
treatment and reduce the emergence of hVISA.

MATERIALS AND METHODS
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Bacterial strains

Eight different clinical isolatesof hVISA
with different degrees of resistanceto vancomycin
wereincluded. The MRSA isolates obtained from
different clinical infection sites at Ohad Hospital,
Madinah, Saudi Arabia. S. aureus Mu3 strain (S.
aureus ATCC 700698) was used as a control
throughout the test. PCR method used for
confirmation of methicillin resistance by
amplification of the methicillin resistance gene
mecA. Forward primer AAAATC GAT GGTAAA
GGT TGG Candreverse primer AGT TCT GCA
GTA CCG GAT TTG C were used in this work
(Murakami & Minamide, 1991).
Deter mination of antimicrobial activity

MIC method was used on al theisolates
in order to assess the strains susceptibility to the
different antimicrobial agents. The MICs were
determined according to CLSI guidelines. All
susceptibility testing were performed using cation-
adjusted Mueller-Hinton broth (CAMHB) and
stock solutions were prepared in accordance with
CL Sl guiddines[CLSI, 2012)
Time-XKill studies

For time-kill assays, bacteriawere grown
in CAMHB until exponential phase then diluted
to approximately 5x10° CFU/ml in mediacontaining
antimicrobial agentsalone or in combination, and
exposed for 24 hat 37°C . Synergy was defined as
a 2 logl0 decrease in CFU/ml between the
combination and its most active constituent after
24 h (at least one of the drugs must be present at a
concentration that does not affect the growth curve
of the test organism), Antagonism was defined as
anincreasein the colony count of <210g10 CFU/
ml with the combination in comparison with the
count obtained with the most active single agent.
An indifferent effect was defined as <1 log
(increaseor decrease) inkilling (Singh et al., 2009).

All experiments were repeated at |east
three times, and the results of a representative
experiment are presented; data pointsare averages
from duplicate CFU/ml determinations within an
experiment.
Population AnalysisProfiles

Population Analysis Profiles (PAPs) were
constructed as previously described with the
following modification: Overnight cultures of
bacteria (>10°cfu/ml) were plated at a series of
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dilutions on Muller-Hinton plates containing
vancomycin-free medium or twofold dilutions of
vancomycin ranging from 0—-32 ug/ml. All the plates
have the same sub-MIC concentration of linezolid.
The Plateswereincubated at 37°Cfor 48 h, and the
number of bacterial colonieswas counted. Plotting
cfu (inlog 10) against vancomycin concentrations
provides agraphic display. hVISA isdefined asa
strain that is susceptible to vancomycin using
the MIC method but contains a resistant
subpopulation usually at a frequency of 1in 10°
cellsthat can grow inthe presence of > 2 pg/ml of
vancomycin (Hiramatsu et al., 1997, Wootton et
al., 2011).

RESULTS

The PCR test Confirmed that all the
strainsare contai ning the mecA gen and confirmed
asatrue MRSA strains. (Fig. 1 show theresultsfor
hVISA-6). Theantimicrobial activity waseval uated
on eight different hVISA. Significant antimicrobial
effects, expressed as various concentrations of
Vancomycin and Linzolid, were observed against
all the isolates and the control strains. All the
strains were susceptible to vancomycin and
Linezolid using astandard M1C method. Theresults
aresummarizedin Table 1.

When linezolid was combined with
vancomycin, slight or no antagonism was observed
using Time-kill tests, despite that, by using PAPs
test, we found that the presence of sub-MIC of
linezolid reduced the emergence of heteroresistant
to vancomycin for al the isolates (Figs. 2 and 3

Table 1. Antimicrobial susceptibility pattern
of the MRSA strains for Vancomycin and

Linzolid
Strains MIC (ug/ml)
Vancomycin Linezolid

MRSA-1 05 1
MRSA-2 0.125 0.5
MRSA-3 05 2
MRSA-4 0.25 1
MRSA-5 0.125 1
MRSA-6 0.5 2
MRSA-7 05 0.5
MRSA-8 05 1
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show theresultsfor hVISA-6).
DISCUSSION

Detection of S. aureus with VISA and
hVISA remains problematic. In thisstudy MIC of
vancomycinwas 0.125- 0.5ug/ml against thetested
hVISA isolates. This agreed with Leonard et al.
who reported that by using Population analysis
profile as a standard method, hVISA can be
detected for strains of S. aureus with vancomycin
MICsaslow as0.5to 1 pug/ ml. In contrast, other
studies concluded that rates of hVISA detection
increase asthe vancomycin MIC increases. (Rybak
etal., 2008)

Also on the clinical basis that increased
mortality and treatment failure has been reported
in infections with VSSA isolates with elevated
vancomycin MIC. Typically these isolates have
MICs near the susceptibility breakpoint 1.5 or 2
pg/mL using different MIC methodol ogies (Holmes
etal., 2011).

A significant heterogeneity in clinical
featuresand infection types, different MIC testing
methods, and different MIC values linked with
poorer outcomes and treatment failure has been
reported (Van Hal and Paterson, 2011).

The difference in the level of MIC of
vancomycin for hVISA between the different
studies could be due to the use of higher or lower
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Fig. 1. Agarose gel electrophoresis of PCR products
for detection of the mecA. The molecul ar weight marker
used ispUC 18 Healll Digest. The PCR product sizes
560 bp.
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inoculum size as reported by Warren et al., 2009
who showed that the activity of vancomycin
against hVISA and even non hVISA isolates, using
in vitro tests was reduced in the presence of a
high inoculum amount. A possihility of a further
reduction in vancomycin susceptibility
breakpoints may be needed to avoid vancomycin
associ ated treatment failure dueto emerging hVISA
strains (Warren et al., 2009).

Linezolid showed high activity against
hVISA isolates in comparison to vancomycin
(0.125- 0.25 ug/ml for linezolid. versus 0.125- 0.5ug/
ml) . Thisisconsistent with other researcherswho
reported that all isolates of MRSA in their study
were susceptible to < 1 ug/ml of linezolid and the
MIC of linezolid for MRSA is 0.023-0.75 ug/ml
whereas the MIC of vancomycin is 0.5-3 ug/ml.
(Ranjanet al.,2010).

Also on clinical basis, the antibiotic
linezolid may be more effective than vancomycin
with higher cure rate against methicillin MRSA
(Aislingetal., 2010)

Our study indicates that linezolid
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Fig. 2. Time—kill curves of the combinations of linezolid
plus vancomycin for hVISA-6. LZD, linezolid; VAN,
vancomycin
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combinations preserve the activity of linezolid
alone and might be considered as therapeutic
options in the management of infections caused
by S. aureus strainswith reduced susceptibility to
vancomycin. Indeed, an indifferent effect (<1 log
increase or decrease) in killing was found when
subMIC of linezolid concentrationswas combined
with vancomycin against hVISA. However an
antagonistic effect was noticed with the use of
MIC and double MIC of linezolid. This coincides
with indifferent effect reported against MSSA.
(Sahuquillo et al., 2006). Shvetaet al, recommend
not to use vancomycin in combination with
linezolidinthe treatment of MRSA infectionsand
found no synergistic activity for this combination.
However this combination may be of value in
delaying the emergence of hVISA. (Shveta et
al.,2009 ). Others study found synergistic killing
with sub-MIC concentrations of both antibiotics
in combination against the vancomycin
intermediate S. aureus (VISA) strain. (Ribeset al.,
2010).

Also, Booker et al, showed the ability of
subinhibitory concentrations of linezolid to
diminish production of several toxinshby S. aureus
which led to their use in combination with
vancomycin so that further studiesare required to
clarify thisissuein vivo also. (Booker et al., 2005)

A related study found that the addition
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Fig. 3. Distribution profiles of vancomycin-resistant
subpopulations against various vancomycin
concentrationsin the present of Sub M1C concentration
of linezolid (1/4x MIC) for hVISA-6
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of linezolid decreased therate of vancomycinkilling
of MRSA by 100-1000-fold. Antagonism between
these two antibiotics was also found by another
group of investigators using time-kill analysis
(Grohset al, 2003).

This difference is due to the use IxMIC
and >1xMIC for linezolid in combination with
vancomycin (Deresinski , 2009).

Population analytic profiles for hVISA
strains to study the effect of linezolid on the
emergence of hVISA under the effect of different
vancomycin concentrations (0—-32 ug/ml ) showed
decrease in the emergence of these subpopulations
when linezolid was combined to vancomycin . This
might indicate the possible use of thiscombination
to avoid treatment failure with vancomycin alone
especially inlifethreating infectionswith MRSA.

We should emphasise that in vitro drug
combination may not trandateinto clinical efficacy,
mainly because of the different mechanisms
involved in in vivo. So we recommend studying
thein vivo efficacy of thiscombination in order for
useintheclinical field.

CONCLUSON

Despite previous studies indicating that
vancomycin and linezolid in combination should
be avoided, Sub MIC of linezolid could be used to
reduce vancomycin treatment failures among
hVISA.

ACKNOWLEDGMENTS

The authors acknowledge the Deanship
of Scientific Research of Taibah University for
providing funding for this research. We are also
grateful to Mr Mohamed Abdulsamad and all the
staff in the Department of Medical Microbiology,
Taibah University.

REFERENCES

1 BSAC. British Society for Antimicrobial
Chemotherapy. BSfAC. Methods for
antimicrobial susceptibility testing. British
Society for Antimicrobial Chemotherapy,
Birmingham, United Kingdom, 2011.

2. Booker B.M , Smith PF, , OgundeleA.B, Kelchin

10.

11.

P. Comparativeinvitro activities of daptomycin,
linezolid, and quinupristin/dalfopristin against
Gram-positive bacterial isolates from a large
cancer center. Microbiol. Infect. Dis., 2005; 52;
(3): 255-9.

Caffrey A.R, Quilliam B.J, LaPlante K.L.
Comparative Effectiveness of Linezolid and
Vancomycin among aNational Cohort of Patients
Infected 2010 with Methicillin-Resistant
Staphylococcus aureus. Antimicrob. Agents.
Chemother ., 2010; 54(10): 4394-4400.

Clinical and Laboratory Standards Institute:
Methods for dilution antimicrobial
susceptibility tests for bacteria that grow
aerobically; approved standard In: (ninth edition,
M7-A9). Wayne, Pa, CLSI; 2012.

Deresinski S. Vancomycin in combination with
other antibiotics for the treatment of serious
methicillin-resistant Staphylococcus aureus
infections. Clin. Infect. Dis., 2009; 49:1072—
1079.

Grohs P, Kitzis M.D, Gutmann L. In vitro
bactericidal activitiesof linezolid in combination
with vancomycin, gentamicin, ciproloxacin,
fusidic acid, and rifampin against Saphyl ococcus
aureus. Antimicrob. Agents Chemother.,
2003;47: 418-20.

Hiramatsu, K., H. Hanaki, T. Ino, K. Yabuta, T.
Oguri, and F. C. Tenover.. Methicillin-resi stant
Staphylococcus aureus clinical strain with
reduced vancomycin susceptibility. J.
Antimicrob. Chemother., 1997; 40: 135-136.
Holmes N.E, Turnidge J.D, Munckhof W.J,
Robinson J.O, Korman T.M, O’ Sullivan M.V,
AndersonT.L, RobertsS.A, Gao W, Christiansen
K.J, Coombs G.W, Johnson PD, Howden BP.
Antibiotic choice may not explain poorer
outcomes in patients With Staphylococcus
aureus bacteremia and high vancomycin
minimum inhibitory concentrations. J. Infect.
Dis.,2011; 204: 340-347.

Howden B.P, McEvoy C.R,AllenD.L, ChuaK,
Gao W, Harrison PF et al. Evolution of multidrug
resistance during Saphylococcusaureusinfection
involves mutation of the essential two
component regulator. PLoSPathog. 2011;
7(11):€1002359.

Lentino JR N.M, Yu V.L. New antimicrobial
agentstherapy for resistant gram-positive cocci.
Eur. J. Clin. Microbiol. Infect. Dis.. 2008; 27:
3-15

Murakami K, Minamide W, Wada K, Nakamura
E, Teraoka H, Watanabe S. Detection of
methicillin-resistant Staphylococcus aureus by

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.



220

12.

13.

14.

15.

16.

17.

18.

ALSHAMI et a.: STUDY OF INFECTIONS DUE TO HETEROGENEOUS VANCOMY CIN

polymerase chain reaction. Rinsho. Byori. 1991;
39(12):1325-30.

Rybak, M. J, Leonard S. N, Rossi K. L, Cheung
C. M, Sader H. S, and Jones R N..
Characterization of vancomycin-heteroresistant
Staphylococcus aureus from the metropolitan
area of Detroit, Michigan, over ayear period
(1986 to 2007). J. Clin. Microbiol., 2008; 46:
2950-2954.

Ranjan K, Arora D, Ranjan N. An Approach to
Linezolid and Vancomycin aginst Methicillin
Resistant Staphylococcus aureus. \WWeb med
Central 2010; 1(9).

Ribes S, Pachon-1bafiez M. E, Domingue M,
Fernandez A,R , Tubau F , Ariza J, Gudiol F,
Cabellos C. In vitro and in vivo activities of
linezolid alone and combined with vancomycin
and imipenem against Staphylococcus aureus
with reduced susceptibility to glycopeptidesEur.
J. Clin. Microbiol. Infect. Dis. 2010; 29:1361—
1367.

Rubinstein E, Cammarata S, Oliphant T,
Wunderink R. Linezolid (PNU-100766) versus
vancomycin in the treatment of hospitalized
patients with nosocomial pneumonia: a
randomized, double-blind, multicenter study.
Clin. Infect. Dis., 2001; 1; 32(3):402-12.

Sacar M, Sacar S, Kaleli I, Onem G, Turgut H,
Goksinl, etal. Linezolid dloneand in combination
with rifampicin prevents experimental vascular
graft infection due to methicillin-resistant
Staphylococcus aureus and Staphylococcus
epidermidis. J; Surg; Res., 2007; 139(2):170-5.
Sahuquillo Arce JM, Colombo Gainza E, Gil
Brusola A, Ortiz Estévez R, Cantéon E,
Gobernado M. In vitro activity of linezolid in
combination with doxycycline, fosfomycin,
levofloxacin, rifampicin and vancomycin against
methicillin-susceptible Staphylococcus aureus.
Rev. Esp. Quimioter., 2006; 19: 252257
SharmaV.G. Study of vancomycin susceptibility
in methicillin-resistant Staphylococcus aureus
isolated from clinical samples. Ann. Trop. Med.

19.

20.

21.

22.

23.

24.

25.

J PURE APPL MICROBIO, 8(SPL. EDN.), NOVEMBER 2014.

Public. Health., 2012; 5: 178-80.

ShvetaR.S , Alfred E.B , David C.Y , and
Kimberly A.C .In Vitro 24-Hour Time-Kill
Studies of Vancomycin and Linezolid in
Combination versus Methicillin-Resistant
Staphylococcus aureus. Antimicrob. Agents.
Chemother ., 2009; 53(10): 4495-4497.

Singh S.R, Bacon, A, Young D.C,and Couch K.
In Vitro 24-Hour Time-Kill Studies of
Vancomycin and Linezolid in Combination versus
Methicillin-Resistant Staphylococcus aureus.
Antimicrob. Agents. Chemother., 2009; 53(10):
4495-4497.

Taral B, DasP, Kumar D. Recurrent Challenges
for Clinicians: Emergence of Methicillin-
Resistant, Vancomycin Resistance, and Current
Treatment Options. J. Lab. Physicians.,2013 ;
5(2): 71-8.

Thati V, Shivannavar C.T, Gaddad S.M.
Vancomycin resistance among methicillin
resistant Staphylococcus aureus isolates from
intensive care units of tertiary care hospitalsin
Hyderabad. Indian. J. Med. Res. 2011; 134(5):
704-8.

Van Hal S.J, Paterson D.L. Systematic review
and meta-analysis of the significance of
heterogeneous vancomycin-intermediate
Staphylococcus aureus isolates. Antimicrob.
Agents. Chemother., 2011; 55:405-410.
Warren E.R, Steven N. L, Kerri .L.R, Glenn. W.
K, Michael J.R. Impact of Inoculum Size and
Heterogeneous Vancomycin-Intermediate
Saphylococcusaureus (hVISA) on Vancomycin
Activity and Emergence of VISA in an In Vitro
Pharmacodynamic Model. Antitimicrob. Agents
Chemother ., 2009; 53: 2805-807.

Wootton M, Howe R.A, Hillman R, Walsh T.R,
Bennett PM, MacGowanA.P.. A modified
population analysis profile (PAP) method to
detect hetero-resistance to vancomycin in
Staphylococcus aureus in a UK hospital.
J. Antimicrob. Chemother., 2001;47: 399-403.



