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ABSTRACT : The rates of urinary tract infection with multidrug-resistant (MDR) Escherichia coli have dramatically increased
and the treatment of these infections with antimicrobial agents (B-lactams, fluoroquinolones, trimethoprim-sulfamethoxazole,
nitrofurantoin, etc.) are becoming limited or ineffective due to the increasing frequency of antibiotic-resistant bacteria. The
present study aimed to evaluate Fosfomycin pharmacodynamics; the elected E. coli 0157:H7 isolate had been subjected to
antibiotic susceptibility test, minimum inhibitory concentration (MIC), Minimum bactericidal concentration (MBC) by utilizing
of Time kill curve, Post antibiotic effect (PAE) and Mutant prevention concentration (MPC), the results showed that the E. coli
0157:H7 isolate was found to be multidrug-resistant (MDR), the MIC value of Fosfomycin against E. coli 0157:H7 was 2000
pg/ml, the values of MBC and MPC were 4000 ng/ml for each of them. Furthermore, time-kill analysis demonstrated that
Fosfomycin exhibited the highest bactericidal effects of fosfomycin against E. coli O157:H7 was achieved after 4 hrs of post-
treatment and lasted up to 24 hrs, while the post-antibiotic effect of Fosfomycin against E. coli 0157: H7 was remaining for 72
min. Therefore, we report here that the Fosfomycin was strong enough to overcome of bacterial resistance to these antibiotics
and has been suggested as an effective alternative and a promising antimicrobial agent for restoring the efficacy of many
antibiotics against MDR E. coli O157:H7.
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INTRODUCTION

Urinary tract infections (UTIs) are represent one of
the most common clinical infections in the world that
affecting the human and animal (Flores-Mireles et al,
2015). Pathogenic urinary tract infections occur in about
14% of dogs throughout their life. E. coli is the most
common bacterium causing 80-90% of community-
acquired UTIs and 30-50% of nosocomially acquired
UTIs. However, the recurrent UTIs were decreased to
25% of women within 6 months of an acute UTI episode
and pose a major problem (Ejrnaes, 2011).

In recent years, the rates of UTIs with multidrug-
resistant E. coli have dramatically increased and the
treatment of these infections with antimicrobial agents
(B-lactams, fluoroquinolones, trimethoprim—
sulfamethoxazole, nitrofurantoin, etc.) are becoming
limited or ineffective due to the increasing frequency of

antibiotic-resistant bacteria (Zhanel et al, 2006). As a
result, there is need to search for alternative to these
drugs. Fosfomycin has been suggested as a promising
antimicrobial agent for restoring the efficacy of many
antibiotics against MDR Gram-negative bacteria (Bilal
et al, 2018). Thus, the present study aimed to test the
pharmacodynamics activity of fosfomycin against MDR
E. coli O157:H7 isolated from urinary tract infections.

MATERIALS AND METHODS
Studied isolates

The uropathogenic E. coli O157:H7 isolate was
obtained from microbiology laboratory at Alyarmook
Hospital, Baghdad, Iraq, during the period of 2020. This
isolate was cultured by streaking on Cefixime Tellurit
Sorbitol MacConkey agar (CT-SMAC) for isolation and
incubated at 37°C for 24 hrs as same as the isolation and
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identification protocol that used by Yousif, (2019) to E.
coli O157:H7 confirmation.

Antimicrobial agent

Fosfomycin (Sigma-Aldrich, St. Louis, MO, USA)
was purchased from LabCompany (Londrina, Paran4,
Brasil). Fosfomycin was dissolved in water to form 10
ig/mL stock solution, which was stored at -20°C (stock
solution).

Susceptibility testing

The following antibiotic discs (Oxoid) were used for
antibiotic susceptibility testing of E. coli O157:H7 isolate
by The agar disc diffusion method was adapted according
to performance standards of CLSI (Clinical and
Laboratory Standards Institute, 2012): Cefotaxime (20ug/
disc), gentamicin (10ug/disc), Meropenem (10ug/disc),
Methicillin (10pg/disc), Novobiocin (15ug/disc), Oxacillin
(10pg/disc), Tetracycline (30ug/disc), Vancomycin (10 ug/
disc) and Penicillin G (10 pg/disc) were used, for assessing
the antibacterial activity.

Minimum Inhibitory Concentration (MIC)

The overnight cultures of E. coli O157:H7 were
adjusted to 10® CFU/ml and diluted 1:100 with broth to
obtain a 10° CFU/ml suspension, by checkerboard assay,
each well of a standard microwell plate 100 iL of the 10°
CFU/mL bacterial suspensions were transferred and
mixed with an equal volume of fosfomycin at ranged
(15.6-8000) pg/ml and incubated on 37°C for 24
hrs.(CLSI., 2018), For colorimetric identification of
bacterial growth, 20 uLL of TTC solution 0.125% (w/v)
was added to each well of the test and re-incubated for
2hrs. (vaga et al., 2019).

In-vitro time Kkill curve

The time-kill curve assay of fosfomycin against E.
coli O157:H7 isolate was based on the National
Committee for Clinical Laboratory Standards. Briefly,
bacterial suspension equivalent to 0.5 Mcfarland (1.5 x
10* CFU/ml) was prepared from overnight bacterial
culture. 0.1 ml of the prepared bacterial suspension was
diluted in 14.9 ml of Mueller-Hinton broth and incubated
at 37°C for 1 hr. to obtain 10° CFU/ml bacterial
suspensions. Fosfomycin concentrations from 4x MIC
to 0.25x MIC had been prepared in 6 McCartney’s bottles
in addition to controlling positive tube and each bottle was
inoculated with 0.1 ml of bacterial suspension and
incubated on 37°C for 24 hrs. Bacterial colonies were
calculated at 0, 2, 4, 6 and 24 hrs. through the incubation
time (NCCLS, 1999).

Post antibiotic effect
Freshly prepared 10° CFU/ml bacterial suspension
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and incubated on 37°C for 2hrs. to bring E.coli to the
logarithmic phase of bacterial growth. Fosfomycin had
been prepare 10x, 1x and 0.1xMICs was inoculated with
0.1 of bacterial suspension and incubated on 37°C for 2
hrs; after incubation, the antibacterial effect of antibiotic
was removed by diluting then tubes re-incubated on 37°C
for 24 hrs (Aeschlimann and Rybak, 1998; Ozbek Celik
et al,2014). Bacterial colonies were calculated at 0, 2, 4
and 6 hrs. by agar plate and colonies were calculated as
mentioned previously (Miles et al, 1938). PAE was
calculated as (Ozbek Celik et al, 2014): PAE=T - C

Where, T and C are the time required to increase 1-
log10 CFU following 1:1000 dilution for the bacteria
treated with (T) and without (C) the agents, respectively.

Mutant Prevention concentration

freshly prepared 10° CFU/ml bacterial suspension
then incubated on 37°C for 2 hrs. to bring E. coli O157:H7
to the log phase of bacterial growth. Plates of Mueller-
Hinton agar and Fosfomycin had been prepared and a
calculated aliquot was diluted in previously prepared
Mueller-Hinton agar (45-50°C) to produce 10x, 1x and
0.1x MICs concentrations. Each concentration was
poured into a petri dish (triplicate) and 0.1 ml of bacterial
suspension was spread on each plate then incubated at
37°C for 72 hrs. The lowest antibiotic concentration that
recorded no visible growth of bacteria is considered the
concentration that prevents bacterial mutations (Dahdouh
etal,2014).

RESULTS

The positive result of our isolate showed a smooth,
circular and colorless on SMA-CT agar at - 24hrs post-
culturing and incubation at 37°C. In Sorbitol MacConkey
agar, lactose is replaced by Sorbitol. Most strains of E.
coli ferment Sorbitol to produce acid but E. coli O157:H7
could not ferment Sorbitol. This method explains that E.
coli O157:H7 unlike 90% of E. coli isolates does not
ferment Sorbitol rapidly.

E. coli O157:H7 strain was isolated from UTI. High
resistance to various antibiotics. Including Cefotaxim,
Gentamycin, methicillin, Oxacillin, Vancomycin and
Penicillin G and sensitive to Meropenem, Novobiocin and
Tetracycline. According to results of microdilution
method; the MIC results showed that the concentration
of 2000 pg/ml of fosfomycin was the minimal amount
that inhibits the growth of E. coli O157:H7 that used in
the test while other lower concentrations failed to inhibit
the growth of the bacteria.

Time-Kill Curve Kinetics of Fosfomycin

Results of time kill curve kinetics are based on the
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Fig. 1 : Time kill curve kinetics of Fosfomycin against E. coli O157:H7.
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Fig. 2 : Post antibiotic effect of Fosfomycin against E. coli O157:H7 (h.).

highest MIC recorded from the microdilution MIC assay
which was 2000 pg/ml for the E. coli O157:H7, the in-
vitro concentrations that involved in the study were 0.25x
MIC, 0.5x MIC, 1x MIC, 2x MICs and 4x MICs. All of
concentrations from 4x MIC through 2x MICs achieved
obvious bactericidal effect by reducing of 23 log, , of the
total number of cfu/ml of E. coli O157:H7 in comparison
to control, 0.25x MIC and 0.5x MIC; while 1x MIC
showed a drop in growth curve at 1st six hours, then
after, there was continued inhibition of growth as reported
at the 24th hour (Fig. 1).

The area under the time of killing curve was calculated

and compared to control inoculum growth rate, the
difference in the area under the curve values among
different treatments were set as an endpoint whereas
the lowest area under the curve refers to the highest
bactericidal effect as reported in the Table 1. The results
showed that all of 2x (MICs) and 4x (MICs) achieved
the highest significant bactericidal effect (P= 0.05) in
comparison to other treatments. The 1x MIC
concentration achieved purely bacteriostatic effect (Pe”
0.05) in comparison to all concentrations and control
groups; Both of 0.5x MIC and 0.25x MIC failed to achieve
a significant bacteriostatic or bactericidal effect (P<0.05)
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Table 1 : Area under the time-kill curve of Fosfomycin against E. coli O157:H7 (h*log CFU/ml).
Control 0.25x MIC 0.5x MIC 1Ix MIC 2x MICs 4x MICs
162.23 +0.30A 123.24+0.4A 88.62+0.12A 58.05+0.28B 27.95+0.38C 12.46+0.75C
Values represent mean + S.E, Different letters denoted a significant difference (p<0.05) among the groups.
Table 2 : Post antibiotic effect of Fosfomycin against E. coli O157:H7 (h).
Concentrations Control(C) 0.1xMIC 1xMIC 10xMIC
Growth after fosfomycin removal 3.60 £ 0.01A 3.90 + 0.06A 4.80 £ 0.07B 5.40 £ 0.01B
(I'log,/hrs.)
Post antibiotic effect (hrs.) N.A 0.30 £ 0.0025A 1.20+ 0.0035B 1.90 £ 0.0014B
(C-T

e Values represent mean + S.E, Different letters denoted a significant difference (p<0.05) among the groups. N.A. (Not Applicable).

Table 3 : Mutant preventive concentration of Fosfomycin against
E. coli O157:H7.

Concentration Observation
Control +
0.25 x MIC +
0.5x MIC +
1x MIC +
2x MIC -
4x MIC -

MPC/MIC =2

(+) Visible bacterial growth, (-) No bacterial growth

in comparison to 1xMIC, 2xMIC, and 4xMIC.
Post antibiotic effect of Fosfomycin

The post antibacterial effect of Fosfomycin regarded
the difference in the time that consumed by treatment
and control culture for one log, increment in colonies
count of E. coli O157:H7 after removal of fosfomycin
effect by dilution. Regarding the MIC value (2000pg/
ml), three different concentrations of fosfomycin (0.1x
MIC, 1x MIC and 10x MIC) had been tested against
control culture.

These findings, as graphed in the Fig. 2 showed
insignificant increment (P<0.05) in the time required for
E. coli O157:H7that exposed to 0.1x MIC concentration
of fosfomycin to rise in growth by 1 Log  after removal
of fosfomycin from the medium by dilution in comparison
to control culture.

The results also exhibited significant increment (P>
0.05) in the required time for bacterial regrowth by 1Log
of E. coli O157:H7 that exposed to 1x MIC and 10x
MIC concentrations of Fosfomycin in comparison to both
control and 0.1x MIC cultures (Table 2). The time of
post-antibiotic effect that recorded in 1x MIC and 10x
MIC culture after removal of Fosfomycin effect were
1.2 hr. (72 min) and 1.9 hr. (114 min.) respectively which
were significantly (P= 0.05) higher than the time of post-

antibiotic effect that recorded by 0.1x MIC culture after
removal of Fosfomycin who recorded 0.3 hr. (18 min.)
as reported in the Table 2.

Mutant prevention concentration of Fosfomcin

Based on the recorded MICs of Fosfomycin against
E. coli O157:H7 that was 2000 ug/ml, the obtained
observations of our mutant prevention concentration
(MPC) after 96 hrs. of incubation were reported in the
Table 3. Our results revealed that there was no visible
bacterial growth on the plates that contain 4x MIC, and
2x MIC of Fosfomycin in comparison to the control plate.
The results of MPC for 1x MIC concentration of
Fosfomycin showed a visible weak growth of E. coli
O157:H7 in comparison to the control plate. Also, there
was a heavier bacterial growth was appeared in the plate
that contains 0.5x MIC concentration of Fosfomycin in
comparison to the plate that contains 1x MIC
concentration of Fosfomycin. The Mutation prevention
index (MPC/MIC) was calculated depending on the
recorded results of mutant prevention concentration to
the minimum inhibitory concentration of the used isolate
of E. coli O157:H7 in the test.

DISCUSSION

The infections with MDR uropathogens have become
significantly challenging due to their high resistance to
commonly used antibiotics. In the present study, the E.
coli O157:H7 characteristics as same as that reported
by Al-Rudha et al (2016). The examined uropathogenic
E. coli O157:H7 isolate exhibited MDR phenotypes and
this isolate was resistant to 66% of the antibiotics. The
high prevalence of resistance to most common antibiotics
could be due to the intensive and excessive use of these
antibiotics in treating UTI (Laxminarayan et al, 2013).
These results are consistent with those recently reported
in Egypt mentioned that the rates of UTIs with multidrug-
resistant E. coli O157:H7 have dramatically increased
(El-Kashif and Eaid, 2018).
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The minimum inhibitory concentration (MIC) plays
a key role in determination of an antibacterial potency
(Wiegand et al, 2008). Many methods were used to
determine the MIC, but, the microdilution assay is the
most adopted and accredited method by European
committee on antimicrobial susceptibility testing
(EUCAST) and Clinical and Laboratory Standards
Institute (CLSI) to determine the MIC (Elshikh et al,
2016). Our results of MIC study revealed that isolate of
E. coli O157:H7 are highest MIC value was 2000 pg/ml.
These results were consistent with time-kill curve is
combined and extensive tool to assess both bacteriostatic
and bactericidal effects of the antibiotics; it depends on
the change in the logarithmic number of bacterial colonies
through defined chronological pattern (Mouton et al,
2005).

According to the obtained curves (Fig. 1) and the
calculated areas under each one of them (Table 1), both
0.25x MIC and 0.5x MIC concentrations showed no
significant antibacterial effect in comparison to the control
curve in contrast to 1x MIC that showed a significant
bacteriostatic effect against E. coli O157:H7 throughout
24 hrs.; such bacteriostatic effect is expected since the
1x MIC of Fosfomycin has located within the determined
range of E. coli O157:H7 sensitivity toward Fosfomycin
which determined from = 32 to 2048 ug/ml (El-Wafa and
Ibrahim, 2019). Each of 2x MICs and 4x MICs
concentrations showed a distinguished bactericidal effect
at the 4™ and 6™ hr of the experiment respectively as
same as what reported by Fransen et al (2017).

Fosfomycin as well as Fluoroquinolones which refer
to the dependency of these antibacterial agents on the
concentration that they spent in contact with the bacteria
in site of infection to produce the bactericidal effect in
contract to time-dependent killing antibiotics (Craig, 1993).

Estimation of Post antibiotic effect (PAE) is very
important because it is the most in-vitro parameter
mimicking the in-vivo situation that an antibiotic had been
faced inside a living body. After all, the concentration of
the tested antibiotics in other parameters like MIC and
time-kill curve kinetics is constant in contrast to PAE
how mimicking the drop in the concentration to sub-MIC
values (Craig, 1991).

Despite the unclear mechanism of the PAE for most
antibacterial agents, it has been proposed two mechanisms;
induction of non-lethal damage and/or persistence of the
antibacterial agent at the binding site with the bacterium
(Zhanel et al, 1991).

The factors govern the duration of PAE; the type of
the antibacterial, the bacterial isolate that is used in, the
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concentrations of the antibacterial in the medium and the
variety of methodologies of assessment of that effect
(Gottfredsson et al, 1996). Our achieved PAE values
came in range with many previous studies (MacLeod et
al, 2009 and Mazzei et al, 2006) that reported the PAE
of different concentrations of fosfomycin against different
E. coli isolates can last from 1-3.4 hrs; such wide range
in PAE may be attributed to the difference among
inoculum sizes and variability of E. coli isolates that used
in the mentioned studies.

Mutant prevention concentration (MPC) is the
concentration of the antibacterial agent that prevents
heavy bacterial inoculum (> 10° CFU/ml) from visible
growth on the plate (Dong et al, 1999).

The core difference between MIC and MPC is the
used bacterial inoculum since the standard bacterial
inoculum used in MIC (10° CFU/ml) is less dense than
the inoculum that used in MPC (> 10° CFU/ml) because
the 1% bacterial mutation might occur over 10° CFU/ml
bacterial population; with other words, MPC will deprive
the bacteria the chance to mutate or to develop resistance
(Hesje et al, 2007).

In general, the mechanism that produces mutant
prevention concentration of most antibiotic groups is not
well evaluated as Fluoroquinolones (Smith et al, 2003),
but, our speculations suppose that the rapid bactericidal
mechanism of fosfomycin that achieved by the epoxy
ring, which inhibits a cytoplasmic enzyme
(phosphoenolpyruvate synthetase) active during the first
step of bacterial cell wall (peptidoglycan) synthesis; will
reduce the chances of bacterial mutation (Patel et al,
1997 and Gobernado, 2003).

In our observation, we record that presence of sub-
bactericidal concentrations 1x MIC and 0.5x MIC (Table
3)in the inoculated plate didn’t prevent bacterial mutation
because such concentrations are not enough to produce
the bactericidal effect; this result didn’t come away from
the typical foundation who states that the value of MPC
is always lower than the MIC to prevent the growth of
mutant subpopulations from density bacterial inoculum
(Blondeau, 2009).

The ratio of the MPC to the MIC (MPC/MIC) is
another calculated parameter and it is defined as “the
concentration range over which the lower value is the
MIC and the upper value is the MPC. Within this range,
the growth of susceptible bacteria is suppressed but
resistant mutant subpopulations can still be selectively
amplified” (Zhao and Drlica, 2001).
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CONCLUSION

The present study revealed that the Fosfomycin was
strong enough to overcome of bacterial resistance to these
antibiotics and has been suggested as a promising
antimicrobial agent for restoring the efficacy of many
antibiotics against MDR Gram-negative bacteria.
Therefore, it could be a promising alternative to currently
available first line antibiotics for the treatment of UTI,
especially for a naive population where the consumption
rate of fosfomycin is nil.
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