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Abstract

Shiga toxin-producing Escherichia coli (STEC) can cause a broad spectrum of human illness. The
progressive increase in antibiotic resistance among enteric pathogens in developing countries is
becoming a critical area of concern. The aim of current study was to determine bacterial resistance
pattern of a group of diarrheagenic E. coli to some important antibiotics. The research method was
descriptive and observational. Isolates of STEC were assessed for susceptibility based on minimum
inhibitory concentration method (MIC). MICs were determined by the broth dilution method
following the recommendations of the National Committee for Clinical Laboratory, Standards
(NCCLS).Of the 29 STEC isolates, 65.5, 72.4, 58.6, 27.6, 13.8, 20.7, 6.9 percentage were resistant to
amoxicillin, trimethoprim-sulfamethoxazole, tetracycline, cefazolin, ceftriaxon, nalidixic acid and
ciprofloxacin respectively and all were sensitive to ofloxacin. More than 66% of STEC strains were
resistant to the 3 commonly used antibiotics with high MICgps. According to our study, amoxicillin,
tetracycline, and trimethoprim-sulfamethoxazole are not recommended for the treatment of diarrhea in
this population. Therefore, regional information regarding antibiotic resistance should be used in
clinical management, and treatment guidelines should be updated
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INTRODUCTION resistance. Many patients with symptoms
of illnesses diarrhea, may have been
empirically treated with antibiotics without
advice from medical staffs (2-4).

According to the epidemiological

Antibiotics have revolutionized the
treatment of common bacterial infections
and play a crucial role in reducing

mortality. Antimicrobial therapy should be
used in severe cases of diarrheal disease to
reduce the duration of illness and may also
use to prevent traveler's diarrhea (1).
However, the progressive increase in
antibiotic  resistance = among  enteric
pathogens in developing countries is
becoming a critical area of concern. In
addition, the overuse and misuse of
antibiotics in the treatment of diarrhea
could lead to an increase in antibiotic
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studies in our countries, E. coli has been
the most commonly isolated in clinical
samples from patients with diarrhea and
shows a high prevalence of resistance (85-
100%) to antibiotics such as penicillin,
erythromycin, tetracycline (5,6). Rezaie et
al. (6) reported that from 161 diarrhea
patients, E. coli was isolated in 63 (39%),
among which 83 pathogenic specimens
were detected and concluded E. coli seems
to be a common pathogen in Varamin,
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however, due to the lack of facilities, it is
not routinely checked in laboratories. In
another study conducted by Zali and his
co-workers, it was found that E. coli
species have been the most frequently
isolated pathogen in Iran, followed by
Salmonella, Shigella, and Campylobacter;
while in developed countries,
Campylobacter has been more prevalent
(5). One group of E. coli that causes
diarrhea is Shiga toxin-producing E. coli
(STEC). STEC has emerged as food-born
pathogen that can cause severe and
potentially fatal human illnesses. They are
the major cause of gastroenteritis that may
be complicated by hemorrhagic colitis or
the hemolytic uremic syndrome, which is
the main cause of acute renal failure in
children (7,8).

Information about antimicrobial
resistance among STEC and other
pathogenic E. coli in Iranian patient are
scarce  (5,7). In this study, the
susceptibility of 29 STEC strains to
different antibiotics are evaluated.

MATERIALS AND METHODS

Bacterial strains

Twenty-nine STEC bacteria were
isolated with microbiological methods and
confirmed by polymerase chain reaction.
Isolated bacteria cultured in 15% glycerol,
0.6% peptone, water and stored at -20 °C.

Antimicrobial agents

The following antibiotics were used for
susceptibility testing: amoxicillin (Sigma),
tetracycline  (Merck),  trimethoprim-
sulfamethoxazole = (Merck), ofloxacin
(Merck), cefazolin (Sigma), ceftriaxon
(Sigma), nalidixic acid (Merck), and
ciprofloxacin  (Sigma). Solvents and
diluents for preparation of stock solutions
of antimicrobial agents are shown in Table 1.

Susceptibility testing
MICs were determined by broth dilution
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Table 1. Solvents and diluents for preparation of
stock solutions of antimicrobial agents

Antimicrobial Solvent Diluent
Agent
Amoxicillin Phosphate buffer, Phosphate buffer,
pH 6.0,0.1 M pH 6.0,0.1 M
Tetracycline ~ Phosphate buffer, Water
pH 6.0, 0.1M
Trimethoprim  0.05 N HCl Water (require
heating)
Sulfamethoxazol 2.5 M NaOH Water
Cefazolin Phosphate buffer, ~ Water
pH6.0,0.1 M
Ceftriaxon Phosphate buffer, Water
pH6.0,0.1 M
Nalidixic acid 1M NaOH Water
Ciprofloxacin 1 M NaOH Water
Ofloxacin 1 M NaOH Water

method by following the recommendations
of the National Committee for Clinical
Laboratory Standards (NCCLS). Serial
concentrations of the antimicrobial agents
were prepared and placed in tubes of
Mueller-Hinton broth medium. A standard
inoculum of each isolate of STEC (1 x 10°
cfu/ml) was added to 1 ml of each
concentration of antimicrobial agent and to
a tube of the growth medium without
antimicrobial agent, which served as
growth control. An uninoculated tube of
medium was incubated to serve as a
negative growth control. After overnight
incubation at 37 °C, the tubes were
examined for turbidity, indicating growth
of the STEC. The lowest concentration of
the agent that inhibits growth of the E. coli,
as detected by lack of visual turbidity, was
designated the minimum inhibitory
concentration (MIC). For calculation of
MICsp and MICy, after the MIC had been
determined, a known quantity (0.1 ml) of
inoculum from each tube containing broth
was subcultured to solid agar plates. The
antimicrobial agent that was carried with
inoculum was removed by diffusion into
agar and the effect was negated by
spreading the inoculum over a large area.

The number of colonies that grow on
subculture after overnight incubation was
then counted and compared to the number



of cfu/ml in the original inoculum. MIC at
which 90% and 50% of the isolates tested
were inhibited was referred to as MICy
and MICsy, respectively. Susceptibility
interpretations were made according to
NCCLS. Organisms with MICs at or below
the breakpoints (the concentration that can
be achieved in the serum with optimal
therapy) were considered susceptible.

Analysis of data

Data from antibiotic susceptibility
testing were analyzed using SPSS 13
software program. The data were analyzed
using Kruskal- Wallis H test for multiple
comparisons. P Value of <0.05 was
considered significant.

RESULTS

Antibiotic susceptibility testing data are
shown in Table 2. Of the 29 STEC isolates,
65.5, 72.4, 58.6, 27.6, 13.8, 20.7, and 6.9
percentage were resistant to amoxicillin,
trimethoprim-sulfamethoxazole,
tetracycline, cefazolin, ceftriaxon, nalidixic
acid and ciprofloxacin, respectively and all
were sensitive to ofloxacin (Table 2). The
traditional antibiotics, including amoxi-
cillin, tetracycline, and trimethoprim-
sulfamethoxazole, showed low activity
against STEC. MICy for amoxicillin,
tetracycline and trimethoprim-sulfametho-
xazole was 1024, 768, 64 mg/liter,
respectively (Table 3).

As indicated in Table 3, cefazolin,
ceftriaxon, and nalidixic acid showed
moderate activity (MICy was 512, 64, and
384 mg/liter, respectively). However,
MICyos of cefazolin and nalidixic acid
were rather high. They were still more
active than the traditional antibiotics but
less active than ceftriaxon with a MICy of
64 mg/liter (Table 3).

The differences in the distributions of
resistance and MICs were observed for
individual  antibiotics. ~The multiple
comparison showed a significant difference
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Table 2. Antibiotic resistance of 29 Shiga toxin-
producing E. coli isolated from diarrheal patients.

Antimicrobial No. of % Resistance
Agent resistance
Amoxicillin 19 65.5
Tetracycline 17 58.6
Trimethoprim- 1 794
sulfamethoxazole ’
Cefazolin 8 27.6
Ceftriaxon 4 13.8
Nalidixic acid 6 20.7
Ciprofloxacin 2 6.9
Ofloxacin 0 0

Table 3. Minimum Inhibitory Concentration (MIC)
including MIC range, MICs, and 90% of 29 Shiga
toxin-producing E. coli isolated from diarrheal
patients.

Antimicrobial MIC range MIC MIC
agents 50%'  90%’
Amoxicillin 4-2048 768 1024
Tetracyclin 2-1024 256 768
Trimetoprim- 0.064-128 8 64
sulfamethoxazole

Cefazolin 0.125-1024 6 512
Ceftriaxon 0.064-384 4 64
Nalidixic acid 4-768 4 384
Ciprofloxacin 0.016-64 0.032 2
Ofloxacin 0.008-24  0.016 0.5

'MIC 50% means MIC at which 50% of the
isolates tested are inhibited.

IMIC 90% means MIC at which 90% of the isolates
tested are inhibited.

in resistance to tetracycline and
ciprofloxacin (P = 0.004 and 0.021,
respectively). For trimethoprim-

sulfamethoxazole, the P value was 0.062.
Multi antibiotic resistance (resistance to at
least two antibiotics) was detected in 95 %
of STEC strains. The most prevalent multi
resistance antibiotics were amoxicillin,
tetracycline, and trimethoprim-
sulfamethoxazole (65.5%, 58.6% and
72.4%, respectively). There was significant
difference in antibiotic resistance to
nalidixic acid and ciprofloxacin (20.7%
and 6.9%, respectively).

DISCUSSION

In the present study, STEC strains were
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resistant to the 3 commonly used
antibiotics amoxicillin, tetracycline, and
trimethoprim-sulfamethoxazole. Some
previous studies have shown high
prevalence of resistance to these antibiotics
in enteric pathogens, especially STEC
(12,13). Pour Shafie (19) reported higher
percentage of resistance to trimethoprim-
sulfamethoxazole and tetracycline in E.
coli. compared to what we have
determined. However the resistance
against amoxicillin was less than what our
data shows (19). Our findings are

comparable with the study of Borjian (20)
which the resistance against these
antibiotics may be due to the higher rate of
prescription in treatment of diarrhea
because of their low cost and easy
application.

According to our findings, amoxicillin,
tetracycline, and trimethoprim-
sulfamethoxazole are not recommended for
the treatment of diarrhea in this population.
Therefore, local information about
antibiotic resistance should be used in
clinical management, and treatment
guidelines should be updated (14).

Although the cephalosporins (cefazolin
and ceftriaxon) are not indicated for the
treatment of diarrhea, we have tested the
susceptibilities of STEC strains to these
antibiotics, since they could be empirically
or incidentally used. In Orrett (21) study in
India, an E. coli and other gram negatives

bacteria the greatest efficacy were
observed for imipenem, gentamycin,
ciprofloxacin, and the cephalosporins

ceftazidime and ceftriaxon. In our study,
the results showed that cefazolin and
ceftriaxone indicated moderate activity
against STEC strains. All STEC strains
were susceptible to ofloxacin. This
fluoroquinolone (ciprofloxacin, ofloxacin)
and quinolone (nalidixic acid) antibiotics
are now commonly used to treat infections,
including diarrhea. They have also been
recommended for  prophylaxis and
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treatment of traveler's diarrhea. Compared
to other studies (15,16), our results showed
a moderate prevalence of resistance to
nalidixic acid and ciprofloxacin in STEC.
We have isolated one ETEC strain resistant
to both nalidixic acid and ciprofloxacin.
Differences between MICsy and MICy for
nalidixic acid and cefazolin found to be
much higher than those of others.
Therefore, to obtain the best antimicrobial
activity of nalidixic acid and cefazolin high
concentration of drug must be prescribed
to prevent treatment failure.

The multi resistance to amoxicillin,
tetracycline, and trimethoprim-
sulfamethoxazole were most prevalent.
Multi resistance has been also reported in
previous studies (12,17,16). Moreover,
these E. coli had other multi resistance
patterns with different prevalences.

We found that 65.5% STEC strains
were resistant to amoxicillin, tetracycline,
trimethoprim-sulfamethoxazole, and
13.8% were resistant to either nalidixic
acid or ciprofloxacin. That means the
patients infected with these E. coli strains
may risk a treatment failure. It is also
indicated that the multi resistance of
different categories of STEC strains is
emerging in our country where these
antibiotics (both early and new) have been
widely used.
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