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ABSTRACT

Background

With the emergence of metallo-betalactamases (MBL) in
Pseudomonas aeruginosa (P. aeruginosa), the value of
carbapenem, the drug of last resort, is being severely
compromised. Curtailing the use of carbapenems becomes
paramount if resistance is to be reined in.

Aims

To study the role of synergy between combinations of drugs
as an alternative treatment choice for P. aeruginosa.
Synergy was studied between combinations of levofloxacin
with  piperacillin-tazobactam and levofloxacin  with
cefoperazone-sulbactam by time-kill and chequerboard

techniques.

Methods

P. aeruginosa were tested for antibiotic susceptibility by the
disc diffusion assay (260 isolates) and E-test (60 isolates).
Synergy testing by chequerboard and time-kill assays was
performed with combinations of piperacillin-tazobactam
with levofloxacin (11 isolates) and cefoperazone-sulbactam
with levofloxacin (10 isolates).

Results

Nearly all isolates were susceptible to piperacillin-
tazobactam (96.1 per cent), followed by piperacillin (78.5
per cent). Seventy-one isolates (27.3 per cent) were found
to be multidrug resistant and 19.6 per cent were ESBL
producers. MICso of amikacin was 32pug/ml and MICgo was
64pg/ml. MICso and MICqo of cefoperazone-sulbactam was
32ug/ml and 64pg/ml, and for levofloxacin it was 10ug/ml
and 240ug/ml, respectively. Piperacillin-tazobactam had
MICso and MICs of 5ug/ml and 10ug/ml, respectively.
Synergy was noted in 72.7 per cent isolates for levofloxacin
and piperacillin-tazobactam combination, the remaining
addition by both

chequerboard and time-kill assay. For levofloxacin and

27.3 per cent isolates showed
cefoperazone-sulbactam, only 30 per cent isolates had
synergy, 40 per cent showed addition, 20 per cent
indifference, and 10 per cent were antagonistic by the

chequerboard method.

Conclusion
The combination of levofloxacin and piperacillin-tazobactam
is a good choice for treatment of such strains.
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What this study adds:

1. What is known about this subject?

Several studies have documented the advantage of
synergistic combination of antimicrobials of different groups

for treating multidrug-resistant pathogens.

2. What new information is offered in this study?

In this study, levofloxacin with piperacillin-tazobactam
emerged as an effective treatment alternative that could be
used before carbapenems in the treatment of multidrug-
resistant strains.
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3. What are the implications for research, policy, or
practice?

In multidrug-resistant strains, combination treatment using
drugs demonstrating synergy, such as levofloxacin with

piperacillin-tazobactam, may be effective in treating
patients with multidrug-resistant infections.

Background

Pseudomonas aeruginosa (P. aeruginosa), the most

prominent nosocomial pathogen, has intrinsic resistance to
many drug classes, along with an ability to acquire
resistance to all available treatment options.1 Primary
mechanisms of acquisition of drug resistance include
reduced cell permeability, efflux pumps, changes in target
enzymes, and inactivation of the antibiotics.”’

No single mutation compromises every antipseudomonal

drug. Nevertheless, upregulated efflux systems can
simultaneously compromise fluoroquinolones and most R-
lactams, leaving only the aminoglycosides and imipenem (to
which mutational resistance evolves at high frequency). The
selection of resistant mutants, a risk associated with any
antipseudomonal therapy, varies with the type and dosage

of antibiotic used and the infection site.”

Combination therapy is thus used with the aim of expanding
the antimicrobial spectrum, minimising toxicity, preventing
the emergence of resistant mutants during therapy, and
activity.‘t"6 The
checkerboard titration method and the time-kill curve

technique have been the most commonly used methods to
7-9

obtaining  synergistic  antimicrobial

determine synergism.

Method
The study was conducted in the Department of
Nehru Medical

Hospital, Amu, Aligarh, India, between April 2009 and

Microbiology, Jawaharlal College and
September 2010. Two-hundred-and-sixty strains of P.
aeruginosa from different sources were subjected to
antimicrobial sensitivity testing by the Kirby-Bauer disc
diffusion method™ for the following antimicrobial agents:
ceftazidime (30ug), gatifloxacin (5ug), cefepime (30ug),
ceftriaxone (30ug), levofloxacin (5ug), cefoperazone (75ug),
(30/10ug),
sulbactam (75/75ug), ticarcillin (75ug), ticarcillin-clavulanic
acid (75/10ug), (10usg), (30u8),
piperacillin  (100ug), piperacillin-tazobactam (100/10ug),

ceftazidime-clavulanic  acid cefoperazone-

tobramycin amikacin
and imipenem (10ug). Isolates resistant to R-lactams,
and fluoroquinolones termed

Extended

aminoglycosides, were

multidrug-resistant isolates. spectrum  RB-

lactamase (ESBL) production was determined by the disc
potentiation method."

Minimum inhibitory concentration (MIC) was estimated for
60 representative isolates of differing levels of drug
resistance for three drugs, namely, cefoperazone-sulbactam
(Cfs) by E-test (Hi-Media),10 and for levofloxacin (Le) and
piperacillin-tazobactam (Pt) by the standard broth dilution
method." Accordingly, these isolates were divided into
three groups based on their resistance pattern to different
classes of antimicrobials—i.e., aminoglycosides (amikacin),
(piperacillin),
(cefoperazone—sulbactam), and

R-lactams R-lactams  with inhibitors
fluoroquinolones

(levofloxacin)—as follows:

e Group 1 consisted of those isolates that were resistant
to all four groups of antimicrobials and comprised 10
isolates.

e Group 2 consisted of those isolates that were resistant
to any three groups of antimicrobials and comprised 20
isolates.

e Group 3 consisted of those isolates that were resistant
to any one or two group of antimicrobials and
comprised 30 isolates.

Synergy testing by chequerboard and time-kill assays was
performed for two combinations of antimicrobials as
follows: piperacillin-tazobactam with levofloxacin (11
isolates), and cefoperazone-sulbactam with levofloxacin (10
isolates). Chequerboard synergy was performed as
described previously.10 Fractional inhibitory concentrations
(FICs) were calculated as (MIC of drug A or B in
combination) / (MIC of drug A or B alone), and the FIC index
was obtained by adding the FIC values. FIC indices were
interpreted as synergistic if values were <0.5, additive >0.5—

1.0, indifferent if >1-2, and antagonistic if >2.0.%°

Isolates were tested for synergy between levofloxacin and
piperacillin-tazobactam and levofloxacin and cefoperazone-
sulbactam by time-kill assay as described by Hayami et al.”?
Viable counts were performed at 0, 2, 4, and 24 hours.
Concentration of the combined MICs were as follows; Y%A+
¥%B, %A+2B, 2A+ ¥%B, 2A+2B. Synergy was defined as >3 logio
decrease in colony count at 24 hours by the combination
compared to the most active single agent. Indifference was
taken as <3 logioincrease or decrease in colony count at 24
hours by the combination compared with that by the most
active drug alone, and 3 logigincrease in colony count at 24
hours was taken as antagonism.12
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Results
Antimicrobial susceptibility of P. aeruginosa strains from
specimens is given in Figure 1. Of the various groups tested,
P. aeruginosa showed maximum  sensitivity to
antipseudomonal penicillins with inhibitors (piperacillin-
tazobactam: 96.1 per cent, ticarcillin-clavulanic acid: 64.3
per cent), followed by antipseudomonal penicillins alone
(piperacillin: 78.5 per cent, ticarcillin: 61.9 per cent). P.
aeruginosa showed a moderate degree of sensitivity to
aminoglycosides (amikacin 73.8 per cent, and tobramycin
68.1 per cent). Cephalosporins with B-lactamase inhibitors
60.8 per

clavulanic acid: 60.4 per cent) had better activity against P.

(cefoperazone-sulbactam: cent, ceftazidime-
aeruginosa than plain cephalosporins (cefoperazone: 60.4
per cent, ceftriaxone: 43.8 per cent, and cefepime: 42.3 per
cent. Seventy-one isolates (27.3 per cent) were found to be
multidrug resistant and 19.6 per cent were ESBL producers.
MICso of amikacin was 32pg/ml and MICg was 64ug/ml.
MICso and MICqyo of cefoperazone-sulbactam was 32ug/ml
and 64ug/ml, and for levofloxacin it was 10ug/ml and
240ug/ml, respectively, while piperacillin-tazobactam has
MICsoand MICgo of 5pg/ml and 10ug/ml.

Figure 1: Antimicrobial susceptibility of P. aeruginosa
strains from clinical specimens (n=260)

levofloxacin

testing for

Synergy and piperacillin-

tazobactam (Le-Pt)

Synergy testing was done for 11 P. aeruginosa isolates for
Le-Pt combination (Table 1). On performing FIC with
combined MICs ranging from 0.5-8ug/ml, synergy was
demonstrated in eight (72.7 per cent) isolates (FIC< 0.5) and
for three isolates (27.3 per cent), an additive effect was
shown by the chequerboard method. Similar results were
elicited by time-kill assays at four hours. The best results
were achieved at 2x MICs. Lower MICs did not demonstrate
synergy at four hours.

Synergy testing for
sulbactam (Le-Cfs)
In contrast to Le-Pt, Le-Cfs showed synergy in only three

levofloxacin and cefoperazone-

isolates (30 per cent) (Table 2). An additive effect was
shown in four isolates (40 per cent), indifference occurred
with two (20 per cent), and antagonism with one (10 per
cent) by the chequerboard technique. Similarly, by time-kill
assay, synergy was demonstrated in three (30 per cent) of
these isolates (at 2x MIC) and antagonism in one at four
hours with combination of drugs. However, differentiation
between addition and indifference could not be done, so
addition was seen in six isolates (60 per cent). Surprisingly,
synergy was best manifested if either of the strains had high
MIC value. On the other hand, in cases with low MIC,
indifference was observed.

Discussion
P. aeruginosa is a leading cause of nosocomial infections
and is responsible for 10 per cent of all hospital-acquired

. . 13,14
infections.

Infections caused by P. aeruginosa are
sometimes severe and life-threatening, and are difficult to
treat because of the limited susceptibility to antimicrobial
agents and the high frequency of emergence of antibiotic
resistance during therapy,ls’16 thus resulting in severe
adverse outcomes.” B-lactams, aminoglycosides, and
fluoroquinolones have been the mainstay for the treatment
of P. aeruginosa infections.™ However, the intensive use of
antimicrobials inevitably leads to the appearance of strains
resistant to these drugs. In our study, out of the various
groups tested, most (85.2 per cent) P. aeruginosa strains
were susceptible to antipseudomonal penicillins with
inhibitors, followed by antipseudomonal penicillins (70.4
per cent).

Out of a total of 260 P. aeruginosa isolates, 27.3 per cent
were found to be multidrug resistant and 19.6 per cent
were ESBL producers. Other authors have reported MDR in
nearly 45 per cent of P. aeruginosa isolates and 25 per cent
isolates as ESBL producers.18 Carbapenems are the only
treatment option for such isolates. However, the
emergence of carbapenem-resistant P. aeruginosa strains
due the transmission of plasmid mediated metallo-beta-
lactamases has become a challenge for clinicians and

microbiologists.

Despite the intensive research in many pharmaceutical
industries, no novel class of antibiotic, which resolves the
problem of antimicrobial resistance, has been introduced
into medical practice.19 Under these circumstances,
combination therapy, employing pre-existing antibiotics,
seems a plausable alternative approach for the treatment of

infections due to multidrug-resistant strains.
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The chequerboard titration method and the time-kill curve
technique have been the methods most commonly used to
2922 Although each
method uses different conditions and end points, there is
frequent agreement between the results of the two
methods.”

determine in-vitro antibiotic interactions.

In our study, the concordance between these two methods
was 71.4 per cent. Other authors have reported agreement
between 72-81 per cent.”® The results of this study
that the
tazobactam and levofloxacin achieve in-vitro synergy in 72.7

demonstrate combination of piperacillin-
per cent of P. aeruginosa isolates. In contrast, levofloxacin
and cefoperazone-sulbactam combination was synergistic in
just 30 per cent of the tested isolates. Synergy was
surprisingly not apparent when strains were susceptible to
the combination drugs, however, synergy was observed
when strains were resistant to one or both the agents. The
potential of levofloxacin to act synergistically with
piperacillin-tazobactam against resistant isolates may prove
advantageous when selecting antimicrobial therapy in
institutions with high rates of drug resistance among P.

aeruginosa.

Conclusion

Synergistic combinations of drugs that are a suitable
alternative to carbepenems are required because of the
necessity to provide effective, first-line drug treatment
options. In this study, Le-Pt emerged as an option for the
treatment of multidrug-resistant P. aeruginosa infections,
and as such could be an alternative therapy before
treatment using carbapenems.

References

1. Rassolini GM, Mantengoli E. Treatment and control of

severe infections caused by multiresistant
Pseudomonas aeruginosa. Clin Microbiol Infec. 2005
Jul;11Suppld:17-32.

2. Lambert RJW, Joynson J, Forbes B.The relationships and
susceptibilities of some industrial, laboratory and

clinical isolates of Pseudomonas aeruginosa to some

antibiotics and biocides. J
2002;91(6):972-84.
2672.2001.01460.x

3. Matsuo Y, Eda S, Gotoh N, YoshiharaE, Nakae T.MexZ-

mediated regulation of mexXY multidrug efflux pump

Applied Microbiol.
doi: 10.1046/j.1365-

expression in Pseudomonas aeruginosa by binding on
the mexZ-mexX intergenic DNA. FEMS  Microbiol
Letters. 2004;238:23-8. doi: 10.1111/j.1574-
6968.2004.tb09732.x

4. Japoni A, Hayati M, Alborzi A, Farshad S, Abbasian SA. In

10.

11.

12.

13.

14.

15.

vitro susceptibility of Pseudomonas aeruginosaisolated
from a burn centre to silver sulfadiazine and silver
nitrate in Shiraz, South of Iran. Iran J Med Sci.
2005;30(2):63-7.

Eliopoulos GM, Moellering RC. In: Baltimore LV editors.
Antibiotics in laboratory medicine. 3rd ed. Edited by
Lorian V, Baltimore, The Williams & Wilkins Co.1991;p.
432-92.
Cappelletty DM,

methodologies for

Raybak  MJ.
synergism

Comparison  of
testing of drug
combinations against resistant strains of Pseudomonas
aeruginosa. Antimicrob Chemother.
1996;40:677-83.

Chadwick EG, Shulman ST, Yogev R. Correlation of

antibiotic synergy in vitro and in vivo: use of an animal

Agents

model of neutropenic
InfectDis.1986;154:670-5.
Dudley MN, Blaser J, GilbertD, Mayer KH, Zinner SH.
Combination therapy of ciprofloxacin plus azlocillin

gram-negative sepsis. J

against  Pseudomonas  aeruginosa: effect  of
simultaneous versus staggered administration in an in
vitro model of infection. J Infect Dis. 1991;164:499-506.
Clinical and Laboratory Standards Institute 2003
Performance standards for antimicrobial susceptibility
testing:  eighteenth  informational  supplement:
Approved standards M100-518. Baltimore, USA: Clinical
and Laboratory Standards Institute; 2008.

Rizvi M, Fatima N, Rashid M, Usman A, Siddiqui S.
Extended spectrum AmpC and metallo-beta-lactamases
in Serratia and Citrobacter spp. in a disc approximation
assay. J Infect Dev Ctries. 2009;3(4):285-94.

Collee JG, Fraser AG, Marmion BP, Simmons A. Mackey
and McCartney practical Medical Microbiology. 14th
ed. New Delhi, India: Elsevier; 2006. Tests for the
identification of bacteria; p. 131-49.

Hayami H, Goto T, Kawahara M. Activities of B-lactams,
fluoroquinolones, amikacin and fosfomycin alone and in
combination against Pseudomonas Aeruginosa isolated
from complicated urinary tract infections. J Infect
Chemother.1999;5:130-8.

Morrison A JJr, Wenzel RP. Epidemiology of infection
due to Pseudomonas aeruginosa.Rev. Infect. Dis.
1984;6(Suppl. 3):627-42.

National Nosocomial Infection Surveillance System.Am J
Infect Control.2004;32:470-85.

Carmeli Y, Troillet N, Eliopoulos G, Samore MH.
Pseudomonas

Emergence of antibiotic-resistant

aeruginosa: comparison of risks associated with

different antipseudomonal agents. Antimicrob Agents
Chemother. 1999Jun;43:1379-82.

16. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes JM.



17.

18.

19.

20.

21.

22.

23.

24.

AMJ [AM] 2015;8(1):1-6]

Australasian Medical Journal

CDC definitions for nosocomial infections, 1988. Am J
Infect Control. 1988Jun;16:128-40.

Carmeli Y, Troillet N, Karchmer AW, Samore MH. Health
and economic outcomes of antibiotic resistance in
Pseudomonas  aeruginosa. Arch Intern Med.
1999May24; 159(10):1127-32.

Padmakrishnan RA, Murugan T, Devi MPR. Studies on
multidrug resistant Pseudomonas aeruginosa from
pediatric population with special reference to extended
spectrum beta lactamase. Ind J Sci Tech. 2009;2(11):11-
13.

Hancock REW. The role of fundamental research and
biotechnology in finding solutions to the global problem
of antibiotic-resistance. Clin Infect Dis. 1997;24(1):148—
50.

Flynn CM, Johnson DM, Jones RN. In vitro efficacy of
levofloxacin alone or in combination tested against
multi-resistant Pseudomonas aeruginosa strains. J
Chemother. 1996;8:411-5.

Mayer |, Nagy E. Investigation of the synergic effects of
aminoglycoside-fluoroquinolone and third-generation
cephalosporin combinations against clinical isolates of
Pseudomonas spp. J Antimicrobiol Chemother.
1999;43:651-7.

Gradelski E, Valera L, Bonner D, Fung-Tomc J.
Comparative killing kinetics of the novel des-fluoro(6)
quinolone BMS-284756, fluoroquinolones, vancomycin
and beta-lactams Int J Antimicrob  Agents.
2001;45:3220-2.

Pankey GA, Ashcraft DS. In vitro synergy of ciprofloxacin
and  gatifloxacin  against  ciprofloxacin-resistant
Pseudomonas  aeruginos. Antimicrob  Agents
Chemother. 2005;49:2959-64.

Sivagurunathan N, Krishnan S, Rao VK, Nagappa AN,
Subrahmanyam VM, Vanathi BM. Synergy of
gatifloxacin with cefoperazone and cefoperazone-
sulbactam against resistant strains of Pseudomonas
aeruginosa. ) Med Microbiol. 2008;57:1514-7.

PEER REVIEW

Not commissioned. Externally peer reviewed.

CONFLICTS OF INTEREST

The authors declare that they have no competing interests.

ETHICS COMMITTEE APPROVAL

Jawaharlal Nehru Medical College Institutional Ethical

Committee in January 2009.



AMJ

Australasian Medical Journal

[AM] 2015;8(1):1-6]

Table 1: Comparison of susceptibility profile, MIC, and synergy testing by chequerboard and time-kill synergy
methods for levofloxacin and piperacillin-tazobactam combination

Number Strain Levoflaxin Piperacillin-tazobactam Chequerboard Time-
of strains no. Kirby Bauer MIC (ug/ml) Kirby Bauer MiIC technique kill
tested disc disc (ng/ml) assay
diffusion diffusion

1 31 + 30 + 10 S S

2 32 + 30 + 10 S S

3 49 - 120 - 60 S S

4 50 - 120 - 60 S S

5 55 - 240 + 10 A A

6 11 + 30 + 30 S S

7 39 + 10 + 10 A A

8 48 - 120 + 10 A A

9 45 240 + 30 S S
10 61 - 240 + 30 S S
11 58 - 240 + 10 S S

Table 2: Comparison of susceptibility profile, MIC, and synergy testing by chequerboard and time-kill synergy
methods for levofloxacin and cefoperazone-sulbactam combination

Number of | Strain Levofloxacin Cefoperazone- Chequerboard Time-kill
strains no. sulbactam technique assay
tested Kirby MIC (pg/ml) Kirby Bauer MIC

Bauer disc disc (ng/ml)

diffusion diffusion
1 39 + 10 + 10 | |
2 45 - 240 + 30 A A
3 48 - 120 - 10 | |
4 58 - 240 - 10 A A
5 34 + 10 - 128 ANT ANT
6 46 - 240 - 256 S S
7 49 - 120 - 256 A A
8 50 - 120 - 256 A A
9 38 - 240 32 S S
10 40 + 10 64 S S




