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I_ABSTRACT

Introduction: The frequency of serious bacterial infections
has increased due to the high prevalence of HWV,
contributing to the increasing rates of multi-drug organisms
which include carbapenem-resistant Enterobacteriaceae
(CRE). This has resulted in higher use of immunosuppressive
and cytotoxic drugs to treat serious bacterial infections and
optimal treatment for infections caused by CRE remains
unknown. The benefits of azole antifungals and its
derivatives have become very topical due to their diverse
spectrum of pharmacological properties, but its efficacy has
not been tested in the South African context. The aim of this
study was to determine the antibacterial effects of azole
antifungals against CRE.

Method: Different concentrations of azole antifungals
(ketoconazole, metronidazole and fluconazole) were used
to prepare sensitivity discs and four pathogenic strains of
CRE (K. pneumoniae, E. coli, S. marcesens and C. freundii). These
were obtained from Lancet Laboratory in Durban and were
used to determine the antibacterial activity of the selected
azole antifungals, using: Disc Diffusion, Modified Agar
Diffusion and Minimum Inhibition Concentration (MIC)
method, as described by Bauer et al 1966.

Results: Antimicrobial Susceptibility Testing revealed that
azoles have no inhibition activity against CRE test organisms
and biochemical tests also demonstrated that azoles have
no adverse effects on the CRE organisms.

Conclusion: Although the results obtained in this study
indicated no activity of azoles against CRE, clinical studies
are still necessary for the modification of the azole sub-
stituents and synthesis of azole derived drugs to confirm
and optimise the antibacterial efficacy of these compounds.

KEYWORDS: ketoconazole; fluconazole; metronidazole;
carbapenem-resistant Enterobacteriaceae (CRE) J
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INTRODUCTION

Since the introduction of penicillin in 1928, antimicrobial
resistance has become a major concern as this has increased
the frequency of infections with high rates of multi-drug
resistant  organisms including carbapenem-resistant
Enterobacteriaceae (CRE)." Enterobacteriaceae have now
emerged that are resistant to many antibiotics, including the
carbapenems, thereby limiting the number of treatment
options for patients infected with these strains.2* The principal
classes of carbapenemases include the following: class A;
Klebsiella pneumoniae carbapenemases (KPC), class B;
OXA-type and class B; Metallo-Beta-Lactamases (MBL). All
have been isolated in South Africa® The Australian
Commission on Safety and Quality in Health Care noted that
a range of enzymes with different structural characteristics
have developed seemingly independently and in different
parts of the world.® These findings reinforce the need for
population-specific investigations in this area. CRE may cause
serious invasive infections, especially bacteremia and
urosepsis, and are associated with a high mortality rate?
Currently, the duration of CRE carriage following
hospitalisation discharge is unknown and there are no new
antimicrobial agents developed to combat CRE

Azole-based antimicrobial agents have been extensively
studied and their derivatives have been identified to have
many efficient properties including potent tissue
permeability, good bioavailability and low toxic and alarming
effects® In addition, azole compounds also possess
antimicrobial properties, as reported by Vijesh et al (2011), who
carried out an in vitro antibacterial activity test of
synthesised compounds from imidazoles. Escherichia colj,
Staphylococcus aureus, Bacillus subtilis, Salmonella typhimurium,
Clostridium perfringens and Pseudomonas aeruginosa were all
used to investigate the activity by the well plate method."
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The antibacterial screening revealed that some of the tested
compounds exhibited excellent inhibition against various
bacterial strains. Azoles like miconazole have been reported
to have antibacterial activity against multi-drug resistant
bacteria such as Methicillin-Resistant Staphylococcus aureus
(MRSA).™

The main aim of this study was to determine the effects of
azoles using four pathogenic bacterial strains of CRE
(K. pneumoniae, E. coli, S. marcescens and C. freundii) and to
compare these to a control organism by testing the in vitro
antibacterial activity of azole antifungals against these strains.
At the time of this study, there were no documented studies
or published data from randomised controlled trials
evaluating treatment options for CRE infections.

Research methodology

This section describes the preparation of the stock solutions
for each azole antifungal drug used in this study
(ketoconazole, fluconazole, and metronidazole). For optimum
activity and results, disc and agar diffusion methods were
used to determine the inhibitory effects of the azoles against
CRE. The antibacterial activity was investigated using four
pathogenic bacterial strains of CRE (K. pneumoniae, E. coli,
S. marcescens and C. freundii) and compared to the control
organism. Serial dilutions were also performed for evaluation
of MIC. To determine the biochemical effects of azole
antifungals on selected organisms, a series of biochemical
tests were also performed on each organism before and after
exposure to azole antifungals.

MATERIALS AND METHODS

Organisms

The bacterial isolates utilised in this study were isolated from
clinical specimens processed at Lancet Laboratory Durban,
Kwa-Zulu Natal and each isolate were confirmed for the
production of carbapenemases enzymes using the Vitek 2

automated ID/AST instrument, bioMerieux Clinical
Diagnostics.
Azole drugs

The azole antifungals selected for this study were purchased
in tablet form, from Oval pharmacy Ladysmith, Kwa-Zulu
Natal (Ketoconazole 100mg, Fluconazole 200mg, and
Metronidazole 100mq).

Quality control material

There are no known or standardised antibiotics for infections
caused by CRE."> ATCC strains of Staphylococcus epidermidis
(ATCC 12228) and Escherichia coli (ATCC 25922) were used as
control organisms for antibacterial activity testing and as a
negative control. Distilled water purchased from Diagnostic
Media Products S.A. was used for suspension/s.

Main aim of this study was to
determine the effects of azoles
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Experiment:
Antimicrobial Susceptibility Testing

Isolation of Pathogenic Bacteria

The bacterial cultures of the test organisms were sub-
cultured on blood agar plates to obtain fresh and pure
cultures for testing. MacConkey agar made up of agar, bile
salts, lactose and neutral red and was used for the validation
of colonial morphology of each organism. MacConkey
culture media is selective and differential for Gram-negative
bacilli recommended for cultivation and identification of
enteric organisms.” For this, 10ml suspensions of each
organism were prepared using sterile water and each
suspension was standardised to 0.5 McFarland standard
using a turbidity reader, bioMerieux DensiCheck plus
instrument.

Preparation of Azole Antifungal
Stock Solutions

The selected test azole antifungals were purchased in tablet
form and for optimum dissolving. Stock solutions were
prepared using dimethyl sulfoxide (DMSO) solvent.™
Ketoconazole (200mg tablet) was reconstituted in a beaker
filled with 200ml of DMSO, 200mg fluconazole in 200ml
DMSO and 100mg metronidazole in 100ml DMSO. The
solutions were then placed on a magnetic stirrer until
completely dissolved. The final concentration of each azole
stock solution was, Tmg/ mL. Smaller concentrations were
prepared from these stock solutions.

Preparation of Antimicrobial Discs

Whatman filter paper No. 3 was used to prepare blank discs.
The concentration and name of each azole drug was written
on the filter paper for the identification. An office punching
machine was disinfected and used to make discs of
approximately 6mm diameter. The discs were then auto-
claved for 30 minutes. Using an automated pipette, a fixed
volume of 20ul of each antifungal solution was impregnated
on the sterile blank discs. The discs were then dried in a 37°C
incubator for 4 hours and then stored in the refrigerator. This
method was validated and accepted by the Clinical and
Laboratory Standards Institute.”

Preparation of Mueller Hinton Agar

Mueller Hinton Agar was prepared according to the
manufacturer's instruction. Thirty six grams of the Mueller
Hinton agar powder was weighed into a 1L glass beaker.
Sterile distilled water was added to the 1L mark using a
measuring cylinder. The glass beaker was placed on a
magnetic stirrer until contents were completely dissolved. The
medium was sterilised by autoclaving for 15 minutes at 121°C
at 15psi pressure. Cool sterile agar (50°C) agar was then
poured aseptically into sterile Petri plates (approximately
15ml) to solidify at room temperature under a sterile bio-
safety cabinet.'s

Preparation of Nutrient Broth

Nutrient broth is a basal medium suitable for the cultivation
of a wide range of non-fastidious micro-organisms. This was
prepared according to the manufacturer's instructions.
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Thirteen grams of Nutrient broth powder was weighed into
a 1L glass beaker. Sterile distilled water was added to the 1L
mark with the aid of a measuring cylinder. The media was
completely dissolved using a magnetic stirrer and sterilised
by autoclaving for 15 minutes at 121°C. After cooling, 9ml was
dispensed into sterile test tubes.

Preparation of optimised MacConkey Agar

MacConkey agar was prepared according to the
manufacturer’s instructions. Fifty two grams of MacConkey
agar powder was suspended in 1L of sterile distilled water and
sterilised by autoclaving at 121°C for 15 minutes. Cool sterile

agar was then poured into Petri plates containing Tml of the Figure 1. Disc Diffusion: K. pneumoniae showing resistance
azole antifungal solution. This was allowed to solidify at room to all tests azoles, image taken by Radebe SP (2017).

temperature under a sterile bio-safety cabinet.

Antimicrobial susceptibility testing

The antibacterial activity of azoles was tested using the
Kirby-Bauer disc diffusion method recommended by the CLSI.”®
The purpose of this test was to determine the susceptibility of
the selected test organisms to various azole antifungals.
Mueller-Hinton agar is a non-selective, non-differential
medium. Almost all organisms cultured on it will grow and it
has been used in standardised antimicrobial disc susceptibility
testing.'®

For the Disc diffusion method; Mueller-Hinton agar (MHA)
plates were allowed to warm to room temperature so that
any excess moisture will be absorbed into the medium. The
organism suspensions were then mixed using a vortex mixer.
Using a sterile cotton swab, each inoculum was evenly
streaked on to the surface of the MHA plates.

Figure 2. Disc Diffusion: F. coli showing resistance to all test
azoles, image taken by Radebe SP (2017).

Using sterile forceps, the discs impregnated with the test
azoles, were placed one by one on to the surface of the MHA
plates streaked with each test organism. For the agar diffusion
method, the sterile bore was used to cut wells out from the
agar plates,”” and after each organism was inoculated, these
wells were filled with 30ul of each azole antifungal solution.
The plates were then incubated for 24 hours at 37°C.

Each organism was then cultured on MacConkey agar
containing Tmg of each azole antifungal solution. These
plates were also incubated overnight at 37°C.

Minimum Inhibitory Concentration (MIC)
Testing

Figure 3. Disc Diffusion: S. man

) o to all 3 test azole, image taken by
For each azole antifungal, three tubes containing 9ml of

nutrient broth was used to perform serial dilutions. One m!
(Tmg/ml) of the azole antifungal was pipetted into the first
tube, mixed and 1ml was transferred from the first to the
second tube and finally Tml from the second tube was
transferred to the third and from the third tube, Tml was
discarded. This process was performed for each azole anti-
fungal. Distilled water was used as control material. The final
dilutions were, therefore: tube 1 (1/10); tube 2 (1/100) and
tube 3 (1/1000). Each tube was then inoculated with 100ul of
each bacterial suspension of the test organisms.

The tubes were then incubated for 24hours at 37°C. The
results were compared with 0.5 McFarland standard and
growth was interpreted by visible turbidity. The MIC was
regarded as the lowest concentration of the azole antifungal
showing no visible growth.

Figure 4. Disc Diffusion: C. freundii showing resistance to

all test azoles, image taken by Radebe SP (2017).
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Figure 5. Disc Diffusion: E. coli control (ATCC :

showing resistance to all 3 test azole, image taken by Radebe
SP (2017).

Biochemical reaction testing

Analytical Profile Index (API 20E) for Enterobacteriaceae (lot no.
1005214990) was purchased from bioMerieux SA and used
for biochemical testing and sugar reactions. Using the
procedure recommended by the manufacturer on the
package insert, the suspensions of the test organisms were
standardised to a 0.5 McFarland standard and each bacterial
suspension was pipetted into the tubes of the API strip. To
evaluate the biochemical effects of azoles against the test
organisms, the test organisms were then exposed to azole
antifungals by emulsifying each organism with distilled water
containing each azole solution. The API test was also
performed on these suspensions. For reactions that required
an anaerobic environment, the tubes on the strip were sealed
with mineral oil. Purity plates were cultured on MacConkey
agar for all bacterial suspensions. Purity plates and APl 20E
strips were then incubated at 37°C for 24 hours.

RESULTS
In vitro antibacterial activity

AHaloes Caliper was used to measure the diameters of zones
of inhibition. Disc and agar diffusion methods for the selected
azole antifungals: metronidazole, fluconazole, and
ketoconazole at concentrations of: 1Tmg/ml, 500ug/ml and
250ug/ml showed no activity against all CRE test organisms
and the Escherichia coli (ATCC 25922) control, (Figure1-5).
However, metronidazole showed a significant inhibition
activity against the control organism, Staphylococcus
epidermidis (ATCC 12228; Figure 6).

Following 24 hours of incubation at 37°C, the tubes from the
serial dilution technique were also examined for MIC. This was
determined by no visible turbidity and all tubes showed
visible turbidity, revealing that the azole antifungals used have
no activity against the organisms tested. APl 20E was used to
test for the biochemical (enzyme and sugar) reactions of the
test organisms before and after exposure to test organisms.
The biochemical reactions of the organisms were unaffected
before and after exposure to Tmg/ml, 500pg/ml and
250pg/ml of each test azole, respectively. Therefore, the test
azoles had no biochemical effect on the test organisms.
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The findings on both disc and agar diffusion tests showed
that the azoles used in this study had no inhibitory activity
against the CRE tested. All tested azole antifungals had Omm
diameter on all CRE organisms and this was interpreted as
‘resistant’ Unlike the CRE, the control organism (S. epidermidis)
showed a significant sensitivity effect to metronidazole, with
an inhibition zone of 34mm (Figures 6 and 7).

DISCUSSION

In this present study, an in vitro antibacterial activity of
azoles (metronidazole, fluconazole, and ketoconazole) was
tested against four pathogenic strains of CRE (Escherichia
coli, Klebsiella pneumonia, Citrobacter freundii and Serratia
marcescens). The results confirmed that the selected azole
antifungals had no activity against these CRE. A panel of
biochemical and sugar reaction tests was also performed
on the four bacterial strains of CRE before and after
exposure to the azoles. The reaction results revealed negative
biochemical affects. Since azoles are primarily fungicides, the
comparison between the mechanisms of resistance to
antifungal and antibacterial agents is a significant way of
developing a perspective on potential activity of azoles
against resistant Enterobacteriaceae.’® The structures of
bacteria and fungi differ in very significant ways and most
antibacterial and antifungal agents target structures and
functions most relevant to the organisms to be inhibited.

Figure 6. Disc Diffusion: metronidazole showing activity
against control organism, S. epidermidis (ATCC 12228),
image taken by Radebe SP (2017).

Figure 7. Agar Diffusion: metronidazole showing activity

against control organism, S. epidermidis (ATCC 12228),
image taken by Radebe SP (2017).
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However, there are significant parallels between the
mechanisms by which fungi develop resistance to sterol
biosynthesis inhibitors and bacteria develop resistance to anti-
cell wall agents.'

Our findings are in keeping with recent reports from
Yamomoto and Pop-Vicas, who found that none of the newly
developed antibiotic classes and antimicrobials demonstrate
activity against the entire spectrum of carbapenemase-
producing Gram-negative bacteria."” The epidemiology of
these CRE varies because of diversity in the carbapenemase
enzymes that these bacteria produce.?® Additionally, CRE
contains evolved enzymes from genetic elements that can
transfer resistance among Enterobacteriaceae and other Gram-
negative organisms?' thereby conferring resistance to
practically all available antimicrobial agents.

Metronidazole exhibited significant inhibition activity against
a control organism, Staphylococcus epidermidis, which is a
Gram-positive bacterium. These findings are in contrast to
Vijesh et al, who found that some azole compounds have
good inhibition activity against certain bacteria.'’ In addition,
their investigation of mechanism of action, structural
modification of azole substituents is a credible way to confirm
and optimise the antibacterial spectrum of these compounds.

CONCLUSION

In view of the dramatic shortage in the availability of
therapeutic options to combat CRE, the initiative to
investigate already existing drugs as an alternative treatment
for CRE is urgently needed, especially in South Africa (S.A.),
where pharmaceutical resources are limited and newly
developed antimicrobials are usually expensive. Arguably, CRE
are continuously evolving and thus becoming more
randomly complex and diverse. It is anticipated that
eventually, the detection will become a serious challenge for
clinical microbiology laboratories. Thereby underscoring the
demand for the early detection of antibiotic resistance
mechanisms to improve treatment options, clinical outcomes
and subsequently confine the spread of these highly resistant
organisms.

[ The initiative to investigate
already existing drugs as an
alternative treatment for CRE
is urgently needed, especially in

South Africa N

The pharmacological properties which include antibacterial
activity of azoles and its derivatives have been demonstrated
in various studies.??? For the past few decades a number of
review articles have emphasised the diverse synthetic
methods and biological properties acquired by azoles These
results will hopefully encourage additional research. For
example: identifying and isolating the active azole
compounds as well as assessing essential modifications in
order to achieve optimum antimicrobial activity.
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Strengths and Weaknesses

Because azoles are primarily fungicides, there is limited data
on the use of azoles against bacteria and since there are no
recommended standards of azole concentrations against
bacteria, the results were based on the researcher’s choice of
solvents and concentrations. This unfortunately introduces
bias and systematic errors. The sample replicates of the study
were also limited due to the number of CRE species that have
been isolated in South Africa. Also at the time of the study not
all azoles of medical importance were commercially available
in South Africa. A strength of this study, is that the
recommended standards for all tests were used.
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