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ABSTRACT

Background: MIC is the lowest concentration of an antibiotic required to inhibit the growth of an organism.

Methods: MIC was done against six conventional antibiotics e.g., Amoxicillin, Ceftriaxone, Gentamycin, Tetracycline,
Ciprofloxacin, and Levofloxacin. E. coli 0157:H7 was collected from hospital. The antibacterial activity of six conventional
antibiotics was assessed against E. coli O157:H7by using the broth microdilution method then the fractional inhibitory
concentration (FIC) index was used to define the interactions between antibiotics.

Results: The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of antibiotics
against E. coli O157:H7 showed that the highest concentration appeared in ciprofloxacin was 62.5 pg/ml. while ceftriaxone
and gentamycin were 15.62 pg/ml. amoxicillin and levofloxacin was 7.812 pg/ml. the lowest concentration appeared in
Tetracycline was 0.976 pg/ml. The higher FICI was seen in Ceftriaxone + Levofloxacin combination 0.3 % followed by
Levofloxacin + Ciprofloxacin (0.1). Conclusions: The antibacterial activity of both Ceftriaxone and Levofloxacin was
enhanced by the combination which proved a highly synergistic effect against E. coli O157:H7.
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INTRODUCTION

One of the most serious illnesses is E. coli, the
most  prevalent commensal inhabitant of the
gastrointestinal tracts of warm-blooded animals and
humans. It is a member of the Enterobacteriaceae
bacterial family @,

Since the advent of various antibiotic resistance
among members of the Enterobacteriaceae family is a
major global public health concern, a significant fraction
of serious, life-threatening infections in both community-
acquired and nosocomial infections are caused by these
bacteria @. While there are various ways that bacteria
might resist antibiotics. The ‘mobile' resistance genes
found in the Enterobacteriaceae are responsible for the
most significant resistance mechanism. Finding the
gene(s) responsible for a specific phenotype can be
difficult due to the enormous number of different genes
that give resistance to each class or subclass of antibiotics
®

The likelihood is that new medications will quickly
lose their efficacy due to the rapid evolution of antibiotic
resistance. Through the tailored combination of specific
active agent qualities, researchers aim to be able to retain
and enhance the efficiency of current antibiotics in the
face of this dangerous circumstance. Combination
therapy involves combining two or more medications to
boost their effectiveness against bacteria that are resistant
to common antibiotics * . The minimum bactericidal
concentration (MBC), which is the lowest concentration
of antimicrobial agent needed to kill microorganisms, and
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the minimum inhibitory concentration (MIC), which is
the lowest concentration of antimicrobial agent that
prevents microbial growth, are the two main applications
of the dilution method ©®. Since the early 1980s, the
fractional inhibitory concentration (FIC) method has been
applied to drugs, with a variety of operational approaches
and conflicting result interpretations " 9. The in vitro
MICs and MBCs of various antibiotics against strain E
coli O157:H7 were the focus of the current study's
primary objective.

MATERIALS AND METHODS

Bacterial collection:

ATCC strain E. coli O157:H7 was collected from the
Microbiology Laboratory [stock culture of E. coli
0157:H7 where maintained in nutrient broth (HiMedia)]
at Veterinary Medicine, Kerbala University, Irag. E. coli
0157:H7 was identified and confirmed phenotypically
using theVitek-2 system (BioMerieux, Marcy L’Etoile,
France).

Preparing of antibiotics stock solution:

To prepare a stock solution of Antibiotic agents, 55.35 g
of Amoxicillin, 52.03 g of Ceftriaxone, 53.3 g of
Gentamycin, 86.7 g of Tetracycline, 75.2 g of
Ciprofloxacin, and 57.4 g of Levofloxacin dissolved in 10
mL distilled water each @9,

Determination of MIC: The antibacterial effectiveness
of antibiotics was studied using the common broth
dilution method (CLSI M07-A8) by observing the visible
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growth of microorganisms in the agar broth. Six
antibiotics chosen for the MIC and MBC in vitro
investigation. One 96-well plate was used to test six
antibiotics at a time, 1 ml of each antibiotic were
transferred to the wells accordingly. MIC in BHI broth
was calculated using serial two-fold dilutions of
antibiotics at concentrations ranging from 500 mg/ml to
0.488 mg/ml with adjusted bacterial concentration (108
CFU/ml, 0.5 McFarland's standard). The positive control
contained only E. coli O157:H7 and the negative control
containing only antibiotic. Following a thorough
antibiotics mix, E. coli O157:H7 was injected into each of
the 10 dilutions. The infected microplate underwent a 24-
hour overnight incubation at 37 °C. The antibiotics'
minimum inhibitory concentration (MIC) against the
studied bacteria E. coli O157:H7 was determined to be the
antibiotics' greatest dilution to stop growth (with no
turbidity in the tube) as shown in figure (1).

Determination of MBC:  None of the plate's wells
displayed any turbidity or apparent signs of growth (MIC
and higher dilutions). Every sample was routinely
cultured on MacConkey agar using the streak plate
method in the lab (HiMedia). The agars were then
incubated at 37°C for 24 hours overnight. The MBC value
of the tested antibiotics against the tested bacterial E coli
0157:H7 was determined as the lowest concentration at
which no growth of the tested organisms was observed.
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Flgure (1) Microdilution checkerboard method for MIC

Estimation of antibiotic combinations: The fractional
inhibitory concentration index (FICI) for each double
antibiotic combination was calculated using the
concentrations in the first non-turbid well found in each
row and column along the turbidity/non-turbidity
interface and expressed as the median value ™. The
obtained FIC index then used in interpretation of
interaction criteria of combination, which is illustrated in

table (2) and figure (2). In order to interpret the outcomes
of checkerboard experiments, the "fractional inhibitory
concentration” (FIC) index (FICI) is computed as:

A

FIC1I Val
MIC, C Index Value
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Ethical consideration:

The study was approved by The Local Medical
Ethical Committee of the Veterinary Medicine
College, Kerbala University, Iraq.

RESULTS

The MIC and MBC were calculated using the dilution
method, and the results were obtained (which required
inoculation onto agar plates devoid of antibiotic) as the
antibiotic concentrations on a plate that, within the first
24 hours of incubation, caused bacterial growth or
turbidity. The study made an effort to identify any
synergism between antibiotics to treat challenging
infections with medication resistance.

Following incubation in nutritional broth with various
antibiotic concentrations at 15.62, 31.25, 125, 1.953,
31.25, and 15.62 pg/ml), as shown in table (1). According
to table (1), the highest concentration appeared in
ciprofloxacin was 62.5 pg/ml, while ceftriaxone and
gentamycin were 15.62 pg/ml and for amoxicillin and
levofloxacin was 7.812 pg/ml. The lowest concentration
appeared in tetracycline was 0.976 pg/ml as shown in
table (1) and figure (2). Inoculation of loopful of samples
of the E. coli O157:H7 from wells before MIC (15.62,
31.25, 62.5, 3.90, 31.25, 15.62 pg/ml) from wells after
MIC (3.906, 7.812, 31.25, 0.418, 7.812, 3.906 pg/ml)
plate onto nutrient agar without antibiotic, and addition of
equal volume of sterile nutrient broth without antibiotic
(that is, double dilution)

In table (1), MBCs for E. coli O157:H7 were 15.62,
31.25, 62.5, 3.90, 31.25 and 15.62 pg/ml, using the DM,
as there were no growth in E coli agar after 24 h
incubation at 37°C. The study made an effort to identify
any synergism between antibiotics to treat challenging
infections with medication resistance. The checkerboard
method of broth microdilution was used to compute MICs
and to assess the interaction of six antibiotics in double
combinations. As stated in the materials and methods, we
computed the FICI, which is displayed in table (2), to find
synergism. The FIC index, which was derived earlier and
shown in table (2) and figure (3), was used to determine
how different antibiotic combinations interacted with one
another. When the FIC is greater than 4, the interaction
type is deemed to have an antagonistic effect and when it
is greater than 0.5, it has an additive effect; and when it is
lower, it has a synergistic effect (FIC 1-4) @9,

Table (1): MIC and MBC of six antibiotics against E. coli 0157:H7
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NO. | Antibiotic MIC (pg/ml) MBC (ug/ml)
1 Amoxicillin 7.812 15.62
2 Gentamycin 15.62 31.25
3 Ciprofloxacin 62.5 62.5
4 Tetracycline 0.976 3.90
5 Ceftriaxone 19.62 62.5
6 Levofloxacin 7.912 15.62

MIC and MBC

Amoxicillin Gentamycin Ciprofloxacin Tetracycline Ceftriaxone Levofloxacin

1 2 | 3 | 4 | 5 6
MIC = MBC

Figure (2): MIC and MBC of antibiotics towards Escherichia coli 0157:H7.

Table (2): Summary of fractional inhibitory index outcome

NO. | Combination of antibiotic FIC Result

1 Amoxicillin +Tetracycline 4.5 Antagonism
2 Amoxicillin +Ceftriaxone 2.7 Indifferent
3 Amoxicillin + Levofloxacin 3.8 Indifferent
4 Amoxicillin + Ciprofloxacin 11 Indifferent
5 Gentamycin + Levofloxacin 15 Indifferent
6 Gentamycin + Ciprofloxacin 6.25 Antagonism
7 Gentamycin + Ceftriaxone 0.9 Additive

8 Ciprofloxacin + Ceftriaxone 4.1 Antagonism
9 Tetracycline + Ceftriaxone 1.04 Indifferent
10 | Ceftriaxone + Levofloxacin 0.3 Synergism
11 | Levofloxacin + Ciprofloxacin 0.1 Synergism

Antagonistic effect when (FIC of >4), or addition when (FIC > 0.5 <1), or synergistic effect when (FIC of < 0.5), while
indifference (FIC 1-4).
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Figure (3): Combined effect of antibiotics expressed as fractional inhibitory concentration (FIC) index

DISCUSSION

Finding the MIC and MBC of antibiotics against
E coli O157:H7 was the goal of this investigation. Agar
diffusion and the MIC test are frequently used to evaluate
a drug's antibacterial activity. In contrast to the agar
diffusion method, direct contact tests have the advantage
of being independent of the diffusion properties of the
tested item and media ®. To find the lowest
concentration of a substance that will still exhibit
antibacterial effects, a solution is serially diluted. Gram-
negative bacteria linked to antibiotic resistance have
become more prevalent over the past ten years, and these
illnesses are now a serious danger to global public health
@49 They have a significant financial impact on healthcare
systems due to increased expenditures brought on by
prolonged hospital stays, in addition to being linked to
unfavorable outcomes that worsen with time and more
difficult treatments @),

The hopeful researches of current antibiotics to
better the confrontation with resistance to conventional
treatment served as the driving force behind this study's
attempt to uncover any synergism between antibiotics to
treat challenging cases of resistant infections against
single drug. The combination of Ceftriaxone +
Levofloxacin was associated with a higher FICI of 0.3%,
followed by Levofloxacin + Ciprofloxacin with 0.1%.

Antibiotics' synergistic effects were studied using
the checkerboard microdilution technique. When the FIC
is greater than 4, the interaction type is deemed to have an
antagonistic effect; when it is greater than 0.5, it has an
additive effect; and when it is lower, it has a synergistic
effect (FIC 1-4). The first line of defense against
microorganisms is combination therapy. A promising
therapeutic approach involving two or more antibiotic

combinations or antibiotics plus adjuvants is emerging
(16)
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Empirical antibiotic therapy is crucial in clinical
settings since postponing effective antibiotic treatment
can have negative therapeutic effects, especially in
patients with severe illnesses. The choice of the proper
empiric antibiotic therapy is influenced by a number of
variables, but knowledge about the most likely bacterium
may be the most important. The outcomes of the hospital
microbiota's antimicrobial susceptibility profile can
therefore be used as a crucial resource 7. Levofloxacin,
a fluoroquinolone antibiotic, and ceftriaxone, a
cephalosporin, was generally the first pair of
combinations to evaluate the synergism of double
combinations.

Our findings support numerous earlier studies
that found synergy between the two antibiotics. 1819 20),
The majority of E coli strains are part of the beneficial
bacterial flora that lives in the human gut and are not
toxic. However, some of them can make people sick. The
most potent toxins that result in an intestinal infection are
produced by some strains. Other strains of E coli infection
can cause meningitis, pneumonia, respiratory diseases,
and urinary tract infections @V,

By having hydrophilic channels called porins,
Gram-negative bacteria control the properties of the outer
membrane's permeability. Fluoroguinolones reach the
porins and cross the membranes of the E. coli bacterial
cell @2

An antibiotic's ability to kill bacteria depends on
both its capacity to enter the cell envelope and its
effectiveness in attaching to the target location, in this
instance DNA gyrase @®

Three distinct pathways have been hypothesized for
fluoroquinolones to enter the cell membrane of the Gram-
negative organism: (i) The hydrophilic pathway through
the porin channels @, (ii) The membrane bilayer matrix's
hydrophobic route @2, and (iii) The mechanism for self-
promotional uptake @9, Ceftriaxone, a third-generation
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cephalosporin and beta-lactam antibiotic, has been shown
to be effective against a wide variety of organisms and is
characterized by relatively high stability towards the beta-
lactamases of gram-negative bacteria 9.

CONCLUSIONS

Results of tests using Escherichia coli 0157:H7 and
the minimal inhibitory and bactericidal concentrations of
the antibiotics Amoxicillin, Ceftriaxone, Gentamycin,
Tetracycline, Ciprofloxacin, and Levofloxacin. The
drugs' MIC and MBC against E. coli O157:H7 showed
that ciprofloxacin had the highest concentration, which
was 62.5 pug/ml. The study recommended Ceftriaxone and
Levofloxacin as an efficient treatment for infections
brought on by E coli O157:H7.
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