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Abstract

Pneumonia is the single largest infectious cause of death in children world-
wide and also a form of an acute respiratory infection that affects the lung.
The purpose of the study was to develop a new approach to treat antibiot-
ic-resistant K. pneumoniae infection. This study aimed in quest of a drug to
combine with ciprofloxacin, a broad spectrum antibiotic frequently used to
treat lung infections. Methodology: A total of 23 lung infection bacterial sam-
ples were collected and studied against 14 antibiotics of different classes.
The disk diffusion method was performed to determine synergy screening,
MIC value, and qualitative toxicity analysis of ciprofloxacin and chloram-
phenicol combination. Results: After primary screening of antibiotic sus-
ceptibility, they were categorized into multidrug-resistant (MDR), extensively
drug-resistant (XDR) and pan drug-resistant (PDR) pathogens where 9 iso-
lates were MDR, 5 were XDR and 3 isolates were PDR. Furthermore, they
were trialed in combination ciprofloxacin along with other 7 drugs in disk
diffusion to explore the synergistic effect. The combination of ciprofloxacin
and moxifloxacin, ciprofloxacin and chloramphenicol were found to be syn-
ergic. Then the MIC test was done for the combination ciprofloxacin and
chloramphenicol. When the MIC result was generated, the MIC of the re-
spective combination was analyzed. Furthermore, the fractional inhibitory
concentration (FIC) was calculated and in accordance with the results of the
FIC index, ciprofloxacin-chloramphenicol combination has shown value
0.4510 which revealed a synergistic effect against multi-drug resistant K/eb-
siella pneumoniae. Conclusion: Given these points, if the efficiency of this an-
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tibiotic can be accelerated from combination with other drugs, it might be li-
fesaving and cost effective as well.
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1. Introduction

Pneumonia has become the leading cause of child death since many decades in
developing countries [1]. Combating with the Klebsiella pneumoniae is harder
when it is resistant to several antibiotics. Undoubtedly, the healthcare system has
been updated in each second but it was 1987 last, when a new antibiotic class
was introduced. As a result, what will be the future of treating severely antibiotic
resistant bacterial infection is a burning question in front of the modern science
[2]. Different definitions for multidrug-resistant (MDR), extensively drug-resistant
(XDR) and pan drug-resistant (PDR) bacteria are being used in the medical lite-
rature to characterize the different patterns of resistance found in health-
care-associated antimicrobial resistant bacteria [3].

The emergence of antibiotic resistant microorganism is natural and genetical-
ly over time. Still there are certain acceleration factors yielding the development
of resistant strain. According to World Health Organization (WHO) the overuse
and misuse of frequent antibiotic is the culprit behind the resistant mechanism
[4]. Further, researchers explored poor infection control, inadequate sanitary
conditions and inappropriate food-handling encourage the spread of antimi-
crobial resistance. Particularly, the developing country like Bangladesh is greatly
threatened by the emergence of extremely drug-resistant bacteria. It is figured
out that up to 86 percent of antibiotics are consumed without the prescription,
resulting misuse of conventional and modern antibiotic as well [5].

Klebsiella pneumoniae carbapenemases (KPCs) were identified in the USA in
1996 [6]. The KPC is produced by the Klebsiella pneumoniae to resist the anti-
biotic class carbapenem. The mortality among patients infected with KPC is
high, as a result of the limited antibiotic options remaining (often colistin, tige-
cycline, or aminoglycosides). Triple drug combinations using colistin, tigecyc-
line, and imipenem have recently been associated with improved survival among
patients with bacteraemia [7]. Klebsiella pneumoniae is one of the MDR organ-
isms claimed as a serious danger to health by the World Health Organization,
the US Centers for Disease Control and Prevention and the UK Department of
Health [8]. Researchers point out the emergence of colistin resistance in MDR K.
pneumoniae rising from the mutations of the mgrB gene, a negative regulator of
the PhoPQ signalling system [9]. The PhoPQ component system is a regulator of
envelope remodelling, predominantly the lipopolysaccharide (LPS) lipid, a sec-
tion, and subsidizes to bacterial resistance to innate immune killing [10]. K
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pneumoniae PhoPQ also manages lipid a plasticity in vivo and in vitro resulting
developing resistant mechanism [11].

Ciprofloxacin consists of 8 different functional groups (shown in Figure 1). It
is a broad spectrum antibiotic against mostly gram negative bacteria. Ciproflox-
acin combination with metronidazole is one of several first-line antibiotic regi-
mens recommended by the Infectious Diseases Society of America for the treat-
ment of community-acquired abdominal infections in adults [12]. Gradually, ci-
profloxacin is effective in combating bone and joint infection with the treatment
of sinusitis [13].

However, physicians start using timely antibiotic combination therapy to im-
prove the patient survival since the antibiotic treatment for these resistant bacte-
ria is limited [14]. Hence the new antibiotic class is not generating for a long
time, in the era of rising antimicrobial resistance, coupled with a continued
dwindling pipeline of drugs to treat these infections [15]. It is evident that com-
bination therapy will be the most suitable advantage to treat resistant Klebsiella

pneumoniae.

2. Materials and Methods

The experiment was carried in the laboratory of BRAC University to study the
activity of ciprofloxacin having combination with several drugs against multi-
drug resistant Klebsiella pneumoniae. The experiment proceed mainly involved
in collecting the pathogenic Klebsiella pneumoniae and their antibiotic suscepti-
bility testing. Then, the samples were categorized into Multidrug resistant
(MDR), Extensively Drug resistant (XDR) and Pan Drug resistant (PDR) on the
basis of their susceptibility to 14 different antibiotics including Penicillin G, Pe-
nicillin V, Ampicillin, Amoxicillin, Cefixime, Imipenem, Cephalosporin (Cell
wall synthesis inhibitor); Chloramphenicol, Tetracycline, Azithromycin (Protein
synthesis inhibitor) and Ciprofloxacin, Nalidixic Acid, Rifampicin and Moxif-
loxacin (Nucleic acid synthesis inhibitor). Randomly 2 MDR, 2 XDR and 2 PDR
pathogen are picked for the activity study of several drugs combined with ci-
profloxacin. In this study, 8 different drugs of various groups are combined with
ciprofloxacin disc to demonstrate their combined effect. The combination of
chloramphenicol with ciprofloxacin is assumed to be efficient from exploring the
zone of inhibition data result. To be clear with the assumption, the Minimum
Inhibitory Concentration (MIC) of these combinations was figured out along
with the MIC of individual one. Finally, the Fractional Inhibitory Concentration
(FIC) index of each combination (Except the combination of ciprofloxacin and
probiotic) was calculated and compared with the standard for statistical valida-

tion.

2.1. Collection of Pathogenic Klebsiella pneumoniae

Clinically identified Klebsiella pneumoniae was collected from the National In-
stitute of Diseases of the Chest and Hospital (NIDCH) and microbiology de-
partment of Uttara Adhunik Medical College Hospital (UAMCH).The isolates of
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Figure 1. The antibiotic susceptibility test result of Klebsiella pneumoniae.

Klebsiella pneumoniae was sub-cultured to nutrient agar slant and carried to
BRAC University laboratory. The nutrient agar slant was incubated at 37°C for
24 hours. Then the pathogen was transferred to nutrient agar plate by streaking
plate method.

At the same time these samples are stored at —20°C in glycerol media as stock.

2.2. Collection of Antibiotics and Drugs for Combination

Ciprofloxacin was taken from the product of Square Pharmaceuticals, Ciprocin

500 mg. The other drugs for combination purpose are listed in Table 1.

2.3. Preparation of Stock Solution of Drugs and Antibiotics

Commercially available tablet or capsule was bought and dissolved in 10 ml phy-
siological saline. Though the excipients of those drugs were also inside the solu-
tion, it was considered not to be interfered with the desired product since exci-
pients are chemically inert.

Tablet or capsule was poured in physiological saline. As a result, the volume of
the 10 ml saline raised very little which was negligible and excluded from the

calculation.

2.4. Disc Diffusion Method

Agar surface of Muller-Hinton Agar plate was streaked by a sterile cotton swab
with the collected pathogenic Klebsiella pneumoniae strain from the physiologi-
cal saline which was compared with McFarland standard 1 solution. McFarland
standard 1 solution shows the density of 3 x 10® CFU (Colony Forming Unit)
per ml. Antibiotics discs were placed on solidified agar plates at equal distance
apart. The plates were kept standby for 10 min. Then the plates were incubated
at 37°C for 24 hours. The disc diffusion test was done to determine the antibiotic
resistant pattern of the pathogens as well as to categorize to MDR, XDR and
PDR by the guideline of Clinical and Laboratory Standards Institute (CLSI).

Around 14 antibiotic discs were used in this study.
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Table 1. The list of drugs used for combination.

Trade Name Company Name Generic Name Class
Fexo 120 mg Square Pharma Fexofenadine Antihistamine
Rifagut 200 mg Opsonin Pharma Rifaximin Miscellaneous Antibiotic
Indever 10 mg ACI Limited Propranol Hydrochloride = Calcium channel blocker
Cloram 5 mg/ml  Ibn Sina Pharma. Chloramphenicol Antibiotic
Tycil 500 mg Beximco Pharma Amoxicillin Antibiotic
Moxibac Popular Pharma Moxifloxacin Antibiotic
Ciprocin Square Pharma Ciprofloxacin Antibiotic

2.5. Determining the Minimum Inhibitory Concentration (MIC) of
Antibiotics

The study was designed to observe the efficiency of ciprofloxacin alone and with
combination against highly antibiotic resistant Klebsiella pneumoniae. Hence,
the MIC of ciprofloxacin and the MIC of other individual antibiotics were fig-
ured out with or without combination.

Determining the MIC, different concentration of antibiotic was required. For
this purpose, serial dilution was carried out with the aid of Brain Heart Infusion
(BHI) broth as diluent. From the C1V1 = C2V2 formula, desired concentration
was prepared by the addition of stock solution to BHI broth.

A wide range dilution was prepared with individual antibiotics and combina-
tion as well. Throughout the study, it was practiced to keep the concentration of
different compounds same. Each test tube having a known concentration of an-
tibiotic was inoculated with 100 pL of McFarland 1 standard pathogenic suspen-
sion and kept at 370 Celsius for 24 hours. The next day, each tube was critically
observed to identify either turbid or clear. The lowest concentration of antibiotic
gave clear tube was considered as MIC value.

The MIC test was done twice with different dilution range to get more sophis-

ticated result through arithmetic mean calculation.

2.6. Determining the Fractional Inhibitory Concentration (FIC)
Index

Fractional Inhibitory Concentration (FIC) index is a statistical tool for valida-
tion. The standard value of FIC index is 0.5 to 4. The lower value represents the
synergism and higher value for antagonism.
To get FIC index, firstly, FIC was calculated by the following equation:
MIC of the agents in combination
MIC of the agent alone

FIC =

FIC index was calculated by the formula of:

MIC of the agents in combination
MIC of the agent alone

FIC Index =’
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Synergy is defined as ZFIC < 0.5, indifference is defined as 0.5 < XFIC < 4, and
antagonism is defined as XFIC > 4 [16].
The average FIC index from six Klebsiella pneumoniae was determined and

compared to standard.

3. Results

3.1. Categorizing the Pathogenic Klebsiella pneumoniae

When a species of microorganism shows non-susceptibility to at least one agent
in three or more antimicrobial categories it is classified as MDR. When this
non-susceptibility is shown against at least one agent in all but two or fewer an-
timicrobial categories it is classified as XDR. PDR is defined when non-susceptibility
is shown to all agents in all antimicrobial categories Table 2

MDR = Resistant to Penicillin G, Penicillin V, Ampicillin, Amoxicillin, Ci-
profloxacin, Nalidixic acid, Chloramphenicol.

XDR = Resistant to Penicillin G, Penicillin V, Ampicillin, Amoxicillin, Ce-
phalosporin, Cefixime, Chloramphenicol, Tetracycline, Nalidixic acid, Ciprof-
loxacin.

PDR = Resistant to all 14 antibiotics.

A. The antibiotic susceptibility test result of Ciprofloxacin + Amoxicillin
combination against Klebsiella pneumoniae (left picture). B. The antibiotic sus-
ceptibility test result of Ciprofloxacin + Rifaximin and Ciprofloxacin + Fexofe-
nadine combination against Klebsiella pneumoniae (right picture) shown in

Figure 1.

3.2. Screening Antibiotic Combination against MDR, XDR and PDR
Klebsiella pneumoniae

Two MDR, two XDR and two PDR were selected randomly from the collected
Klebsiella pneumoniae pathogen in an effort to inhibit the growth of the patho-
gen by ciprofloxacin having various combinations with 7 different drugs includ-
ing antihistamine, antibiotic, calcium channel blocker and probiotic which are
shown in Table 3.

3.3. Determination of the Arithmetic Mean MIC of Ciprofloxacin,
Chloramphenicol and the Combination of Ciprofloxacin and
Chloramphenicol

Since these pathogens were multidrug resistant, the MIC value of ciprofloxacin
and chloramphenicol was pretty high and the MIC value of the combination was

nearly low as shown in Table 4.

3.4. The Average FIC Index (MDR, XDR, PDR) of Ciprofloxacin and
Chloramphenicol

The arithmetic mean of FIC index is 0.4510 which is less than 0.5 yielding statis-
tical significant synergistic effect of ciprofloxacin and chloramphenicol against

the multiple antibiotics resistant Klebsiella pneumoniae.
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Table 2. The number of MDR, XDR and PDR Klebsiella pneumoniae.

Total Sample MDR XDR PDR

23 9 5 3

Table 3. The combination of ciprofloxacin with several drugs and the synergy screening.

Combination of Drugs Inhibition of Growth

Ciprofloxacin + Chloramphenicol +
Ciprofloxacin + Amoxicillin -
Ciprofloxacin + Rifaximin -
Ciprofloxacin + Propranol Hydrochloride -
Ciprofloxacin + Fexofenadine -
Ciprofloxacin + Moxifloxacin +

Ciprofloxacin + Clonazipum -

Key: (+) = synergic, (-) = No change.

Table 4. The Average MIC value of ciprofloxacin, chloramphenicol and their combina-
tion in ug/ml & FIC Index.

MIC (in pm/ml)

Sample
Category Number  Ciprofloxacin ~ Chloramphenicol Ciprofloxacin + FIC Index
Only Only Chloramphenicol

Sample 2 425 225 56.25 0.3823
MDR

Sample 27 225 112.5 12.81 0.1708

Sample 8 450 56.25 31.25 0.5625
XDR

Sample 42 225 250 68.75 0.5805

Sample 1 475 250 56.25 0.3434
PDR

Sample 3 450 225 100 0.6666

Key: MIC = Minimum Inhibitory Concentration, MDR = Multidrug Resistant, XDR = Extensively Drug
Resistant, PDR = Pan Drug Resistant, FIC = Fractional Inhibitory Concentration.

4. Discussion

Antibiotic resistant bacterial infection is becoming the greatest threat to man-
kind as mentioned earlier, commercially available antibiotics are being chal-
lenged by the pathogen as well. The United States Centers for Disease Control
and Prevention estimate the infections caused by antibiotic-resistant bacteria
result in some two million cases of illness and 23,000 deaths in the U.S. annually.
Additionally, the European Centre for Disease Prevention and Control produces
similar numbers, estimating that antibiotic-resistant bacteria kill approximately
25,000 Europeans every year [17].

This study clearly presents the emerging antibiotic resistant Klebsiella pneu-
moniae resistant pattern. It is noted that, out of 23 samples 17 of the bacteria
were antibiotic resistant which is definitely challenging to medical science. A re-
cent study figured out that a woman died in September, 2016 at Nevada, USA

was infected with Klebsiella bacteria which were resistant to 26 different antibio-
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tics. Indeed, the bacteria were resistant to all available antimicrobial drugs in the
USA reported by The US Centre for Disease Control and Prevention [18].

It was found that one of the major factors of increasing antibiotic resistance is
the overuse and misuse of antibiotics which is common practice in the countries
like India, Pakistan, Bangladesh and Sri Lanka [18]. Since the pathogen is
emerging with the ability to survive within antibiotic treatment and new antibio-
tics are not developed, treatment procedure attracts the combination available
antibiotic and herbal extracts. It has been noted that combination therapy may
often be necessary for successful patient outcomes, but data in humans are still
lacking and are often limited by retrospective and non-comparative study de-
signs [19]. This study only finds the in vitro synergistic activities of ciprofloxacin
and chloramphenicol against immensely drug resistant Klebsiella pneumoniae
which should be followed up from in vivo modeling.

Further, antibiotic resistant Klebsiella pneumoniae has been considered as a
major threat to global healthcare system. As a result, numerous antibiotic com-
bination studies have been developed against this pathogen. The combination of
rifampin and colistin has been found to be bactericidal in KPC-producing K.
pneumoniae isolates [20]. Again, the combination of rifampin, meropenem, and
colistin was bactericidal against MBL-producing K. pneumoniae found in a
study [21]. Tigecycline and meropenem were found to be bactericidal against
XDR Klebsiella pneumoniae [22]. Tigecycline and amikacin combination scored
1.25 FIC index on a study against Klebsiella pneumoniae [23].

Again, the combination of doripenem and levofloxacin scored 0.5 FIC index
against Klebsiella pneumonia infected ICU patient which represents the syner-
gistic effect of these two antibiotics, the study also documented doripenem and
colistin as 0.75 FIC index considering additive activity [24].

This study reveals it’s novelty for combination of ciprofloxacin and chloram-
phenicol which has not been documented yet. It is the first time when the syner-
gistic activity of these two antibiotics has been found in vitro experiment. The
use of antibiotics in combination is already a common hospital procedure in
empirical treatment of severe infections but the guideline of using the combina-
tion has not been well established. Several investigations have explored the use of
various combination regimens for highly antibiotic resistant Klebsiella pneumo-
niae, but these investigations often lack in vivo validation. It remains unknown
which combinations of antimicrobial agents/classes are most effective for the
treatment of resistant pathogen [22].

Another interesting finding is the FIC index of ciprofloxacin and chloram-
phenicol found in this study is 0.45; compared to literature, the combination of
doripenem and levofloxacin scored 0.5, this levofloxacin is from quinolone

group other than ciprofloxacin.

5. Conclusion

In conclusion, it should not be mistaken to assert the upcoming threat of antibi-
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otic-resistant pathogen, particularly Klebsiella pneumoniathat is emerging as a
superbug. A developing country like Bangladesh, is going to face a terrible chal-
lenge of these emerging pathogen unless and until the frequent misuse and
overuse of antibiotic is abridged. Undoubtedly, the healthcare system due to an-
tibiotic resistant bacterial infection also faces economic penalties as well. How-
ever, when the question is about life, new methods must be developed to combat
these superbugs and existing antibiotic combination can be a good choice. Nev-
ertheless, ciprofloxacin is well established antibiotic having broad spectrum bac-
tericidal activity. Hence, if the efficiency of this antibiotic can be accelerated
from combination with other drugs, it might be lifesaving and cost effective as
well. Moreover, developing country like ours’ can grab the chance to combat an-
tibiotic resistant Klebsiella pneumoniae from this combination and reduce the
mortality rate from prolonged pneumonia since we are endangered floating in

the sea of emerging antibiotic resistant pathogen.
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