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Survey of antibiogram tests in
cholera patients in the 2005 epidemic
in Hamadan, Islamic Republic of Iran
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ABSTRACT An analytical cross-sectional study determined the serogroups and serotypes of
Vibrio cholerae, and their antibiotic resistance rates, in the 2005 cholera epidemic in Hamadan.
All 190 patients with positive stool cultures had V. cholerae serogroup O1, biotype El Tor and
serotype Inaba positive. Of 60 cases selected randomly for antibiogram testing, sensitivity to
norfloxacin, ciprofloxacin, kanamycin, amikacin, tetracycline and doxycycline was 97%, 92%, 88%,
85%, 77% and 67% respectively. Resistance to furazolidone, trimethoprim—sulfamethoxazole
and erythromycin was 100%, 98% and 62% respectively. Comparison with the results of the
1998 epidemic suggests a worrying increase in the resistance of V. cholerae to erythromycin,
doxycycline and ciprofloxacin.

Etude des antibiogrammes chez les patients atteints de choléra lors de I’épidémie de 2005
a Hamadan (République islamique d’lran)

RESUME Une étude transversale analytique a déterminé les sérogroupes et les sérotypes Vibrio
cholerae, ainsi que leur taux de résistance aux antibiotiques, lors de I'épidémie de choléra de 2005
a Hamadan. On a identifié chez 'ensemble des 190 patients, dont les cultures de selles étaient
positives, V. cholerae du sérogroupe O1, biotype EIl Tor, sérotype Inaba. Sur 60 cas choisis au
hasard pour faire I'objet d’un antibiogramme, la sensibilité a la norfloxacine, la ciprofloxacine, la
kanamycine, I'amikacine, la tétracycline et la doxycycline était respectivement de 97 %, 92 %,
88 %, 85 %, 77 % et 67 %. La résistance a la furazolidone, au triméthoprime-sulfaméthoxazole
et a I'érythromycine était respectivement de 100 %, 98 % et 62 %. La comparaison avec les
résultats de I'épidémie de 1998 semble indiquer une augmentation inquiétante de la résistance
de V. cholerae a I'érythromycine, la doxycycline et la ciprofloxacine.
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Introduction

Cholera is an acute diarrhoeal disease that
can, in a matter of hours, result in profound,
rapidly progressive dehydration and death
[Z]. Since 1817, 7 global pandemics have
occurred. The current (7th) pandemic, the
first due to the El Tor biotype, began in
Indonesia in 1961 and spread throughout
Asia as Vibrio cholerae El Tor, displacing
the endemic classic strain in many areas
[Z-3]. In October 1992, a large-scale out-
break of clinical cholera occurred in south-
east India. This strain spread rapidly up
and down the coast of the Bay of Bengal,
reaching Bangladesh in December 1992.
There it caused more than 100 000 cases
of cholera in the first 3 months of 1993.
It subsequently spread across the Indian
subcontinent and to neighbouring countries,
affecting Pakistan, Nepal, western China,
Thailand and Malaysia by the end of 1994.

The organism has since been designated
V. cholerae 0139 Bengal [/]. Currently, in
most regions of south-east Asia, V. cholerae
serogroup O1 remains dominant, whereas in
other regions serogroup O139 periodically
re-emerges [/,2]. V. cholerae serogroup O1
is most common cause of cholera epidemics.
In endemic areas, the disease is more com-
mon in the summer and autumn months [/].
Two biotypes of V. cholerae Ol—classic
and El Tor—are distinguished. Each bio-
type is further subdivided into 2 sero-types,
termed Inaba and Ogawa [/,2]. An epidemic
of cholera in Iraq was anticipated for the
year 1999 and in Baghdad city 874 cases of
cholera were reported during the epidemic,
mostly V. cholerae El-Tor Ol, serotypes
Ogawa and Inaba [4].

The hallmark of cholera is the produc-
tion of watery diarrhoea with varying
degrees of dehydration ranging from none
to severe and life-threatening diarrhoea.
The goal of therapy is to restore the fluid
loss caused by diarrhoea and vomiting.

Antimicrobial agents play a secondary
role in the treatment of cholera. When
patients with severe dehydration are given
antibiotics, the duration of diarrhoea is
decreased and the volume of stool is reduced
by nearly half [/,2]. The Islamic Republic
of Iran is at risk of epidemics spreading
from neighbouring countries. So far there
have been 12 epidemics of cholera with
the 1st epidemic in 1965 (Figure 1). The
Center for Disease Control at the Ministry
of Health and Medical Education reported
1133 cases of cholera with 12 deaths in the
epidemic of 2005.

Due to increasing reports of antibiotic
resistance in strains of V. cholerae O1
[1,2], our objectives were to determine the
serogroups and serotypes of V. cholerae,
and their sensitivity and resistance to
antibiotics, in the epidemic of cholera in
2005 in Hamadan province and to compare
the results with those from the epidemic of
1998.

Methods

This survey was carried out using an ana-
lytical cross-sectional method in the sum-
mer of 2005, following the start of the
epidemic of cholera in Hamadan, western
Islamic Republic of Iran.

A total of 190 isolates of V. cholerae
were obtained from patients suspected of
cholera who were referred to health centres
or hospitals. The specimens were collected
on sterile swabs, which were then placed
in Cary-Blair transport medium. Alkaline
peptone water was used for the enrichment
of V. cholerae, which was then isolated
on thiosulphate-citrate-bilesalt-sucrose
(TCBS) agar [5]. Biochemical identification
and serotyping were performed by standard
procedures [6].

Susceptibility to antimicrobial agents
was examined by an agar disk diffusion
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Figure 1 Trend of cholera cases in the Islamic Republic of Iran from 1965 to 2005 [Source:
Center for Disease Control, Ministry of Health and Medical Education, Islamic Republic of Iran]

method on Mueller—Hinton agar [7]. The
antibiotic disks were prepared by the Padtan
Teb company (Tehran, Islamic Republic of
Iran). The following antibiotics were used
at the following concentration of drug per
disk: amikacin (30 pg), tetracycline (30 pg),
furazolidone (100 pg), norfloxacin (10 pg),
erythromycin (15 pg), kanamycin (30 pg),
doxycycline (30 pg), ciprofloxacin (5 pg),
trimethoprim—sulfamethoxazole (25 pg).
After 18 hours of incubation at 37 °C
on TCBS, strains were characterized as
susceptible or resistant based on inhibition
zone sizes [J].

Results

Of the 13 172 specimens collected from
patients suspected of infection with cholera,
190 (1.4%) were identified as V. cholerae

01, biotype El Tor and serotype Inaba. Of
the affected patients, 110 (58%) were males
and 80 (42%) females, with 86% urban and
14% rural residence. A total of 8% of cases
were admitted to hospital and the remainder
were treated as outpatients. The incidence
of V. cholerae in Hamadan province was 11
per 100 000 population. The case fatality
rate was 1.1%.

From the total isolates, 60 specimens
were selected randomly for further analysis:
33 (55%) from males and 27 (45%) from
females. As Table 1 shows V. cholerae was
most frequent in the age group 11-30 years
(58%). The mean age of patients was 25.97
years.

The sensitivity of the V. cholerae
strains to norfloxacin, ciprofloxacin,
kanamycin, amikacin, tetracycline and
doxycycline was 97%, 92%, 88%, 85%,
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Table 1 Age distribution of patients with
Vibrio cholerae (n = 60) in Hamadan, Islamic
Republic of Iran in 2005

Age (years) No. %
0-10 9 15
11-20 19 32
21-30 16 27
31-40 7 12
41-50 2 3
51-60 3 5
61-70 1 2
71-80 3 5

77% and 67% respectively (Table 2). The
resistance to furazolidone, trimethoprim—
sulfamethoxazole and erythromycin was
100%, 98% and 62% respectively.

Discussion

The 7th pandemic of El Tor cholera that
started in 1961 was still active in 1998

Table 2 Results of antibiogram tests of
Vibrio cholerae isolates (n = 60) in Hamadan,
Islamic Republic of Iran in 2005

Antibiotic Sensitivity  Resistance
No. % No. %
Norfloxacin 58 97 2 3
Ciprofloxacin 55 92 5 8
Kanamycin 53 88 7 12
Amikacin 51 85 9 15
Tetracycline 46 77 14 23
Doxycycline 40 67 20 33
Erythromycin 23 38 37 62
Trimethoprim—
sulfamethoxazole? 1 2 39 98
Furazolidone 0 0 60 100

an = 40 specimens only.

when a marked increase was recorded
in the number of cases in all countries
affected, with a total of 293 121 cases and
10 586 deaths reported to the World Health
Organization [8]. This is almost double the
number of reported cases in 1997 (147 425
cases and 6274 deaths) [§—10].

In the present study in Hamadan pro-
vince in the west of the Islamic Republic
of Iran in 2005, 190 isolates out of 13 172
were identified as V. cholerae O1, biotype
El Tor and serotype Inaba. In their study
of the 1998 cholera epidemic in Hamadan,
Keramat et al. reported 718 isolates as V.
cholerae O1, biotype El Tor and serotype
Ogawa [/]].

Al-Abbassi et al. reported an epidemic of
cholera in Baghdad, Iraq during 1999 from
which 874 strains isolated were V. cholerae
El Tor Ol, serotypes Ogawa (79.6%) and
Inaba (12.1%), V. parahaemolyticus (2%)
and non-agglutinable vibrios (6.1%). V.
cholerae 0139 was isolated from 2 cases
(0. 2%) for the first time in Iraq [4]. Kaistha
et al. reported an outbreak of cholera in
and around Chandigarh, India during 2
successive years (2002 and 2003) in which
99 isolates were found to be V. cholerae
Ol serotype Ogawa, biotype El Tor [/2].
In the Islamic Republic of Iran V. cholerae
0139 has not yet been isolated in any of the
several epidemics.

In our study, the case fatality rate was
1.1%. In the 1998 cholera epidemic in
Hamadan, the case fatality rate was 0.7%,
less than the global case fatality rate of
cholera of 4.3% during 1997 and 3.6%
during 1998 [8].

We found that the antibiotic resistance
to trimethoprim—sulfamethoxazole,
furazolidone and erythromycin were
over 60%. Table 3 (from Keramat et al.’s
study) shows the results of antibiograms
of 100 specimens of V. cholerae. Anti-
biotic resistance to trimethoprim—sulfa-
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Table 3 Results of antibiogram tests of Vibrio
cholerae isolates (n = 100) in Hamadan,
Islamic Republic of Iran in 1998 [117]

Antibiotic Sensitivity = Resistance
% %
Ciprofloxacin 92 8
Tobramycin 93 7
Doxycycline 85 15
Erythromycin 73 27
Trimethoprim—
sulfamethoxazole 0 100
Furazolidone 0 100
Ampicillin 8 92
Nalidixic acid 98 2
Chloramphenicol 33 67

Source: Keramat et al. [11].

methoxazole and furazolidone was 99% and
98%, but the sensitivity to ciprofloxacin,
doxycycline and erythromycin was 99%,
85% and 73% respectively [//]. In another
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study, by Pourshafie et al., 200 isolates of V.
cholerae were obtained in 1999 and 2000
from patients suspected of having cholera in
different provinces of the Islamic Republic
of Iran [/3]. The antibiotic resistance
study showed significant resistance to tri-
methoprim—sulfamethoxazole, streptomy-
cin and furazolidone but 100% of the
strains were sensitive to ciprofloxacin and
genta-mycin (Table 4). Most V. cholerae
O1 isolates from different provinces in the
Islamic Republic of Iran are characterized
by resistance to multiple antibiotics. These
studies show an increasing frequency of
resistance. The reasons for the variation in
antibiotic susceptibility patterns between
different provinces are unclear.

Singh et al. reported an epidemic of
cholera in Delhi in 1995 where resistance to
furazolidone, streptomycin, trimethoprim—
sulfamethoxazole, chloramphenicol, nali-
dixic acid and tetracycline was 95%, 91%,
89%, 8%, 7% and 4% respectively [/4].

Table 4 Results of antibiogram tests of Vibrio cholerae isolates in different regions of the

Islamic Republic of Iran in 1999-2000 [13]

Antibiotic

Resistance (%)

Tehran Kashan Khuzastan Kerman Kermanshah  Sistan &
Baluchestan

(n=58) (n=29) (n=60) (n=44) (n=14) (n=25)
Chloramphenicol 0 0 2 2 0 0
Ciprofloxacin 0 0 0 0 0 0
Doxycycline 0 0 0 5 0 0
Erythromycin 0 100 0 2 0 0
Tetracycline 100 0 95 2 100 0
Trimethoprim—

sulfamethoxazole 100 0 97 100 100 100

Tetracycline 0 0 27 5 0 0
Gentamicin 0 0 0 0 0 0
Furazolidone 100 0 34 100 100 100
Streptomycin 100 100 100 100 100 100

n = no. of isolates.
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Another study by Sow et al. showed that
V. cholerae O1 strains were multiresis-
tant to sulfonamide, trimethoprim—sulfa-
methoxazole and chloramphenicol
but fluoroquinolone and 3rd generation
cephalosporins were more effective
antibiotics (100% resistant) [/5]. Other
investigators have reported V. cholerae
Ol that is drug-resistant to tetracycline,
ampicillin, erythromycin, chloramphenicol,
nalidixic acid and trimethoprim—sulfa-
methoxazole [/6,17]. Gabastou et al.
described the outbreak of cholera in Ecuador
in 1998 and reported 100% of 301 strains of
V. cholerae were sensitive to tetracycline
and quinolones, and 5.6% of the strains
were resistant to erythromycin [/8].
Antimicrobial agents play a secondary
role (after rehydration) in the treatment of
cholera. Clinical trials have shown that when
patients are given antibiotics the duration
of diarrhoea decreases and the volume of
stool reduces. These benefits are critical in
epidemic conditions [2]. Oral tetracycline
and doxycycline are the agents of choice in
areas of the world where sensitive strains
predominate. In children younger than 7
years trimethoprim—sulfamethoxazole,
erythromycin and furazolidone are prefer-
red. Pregnant women can be treated with
erythromycin or furazolidone [2,19-21].
New agents have been tested in endemic
and epidemic areas, with quinolones (such
as ciprofloxacin, norfloxacin) being the
most effective. Quinolones have not been
recommended for children < 18 years and
pregnant women [/,2,22]. In the present

study, ciprofloxacin resistance was 8%, the
same as in the 1998 Hamadan epidemic.

However, strains resistant to quinolones
have recently been reported from India
[2,23-25]. Early planning to contain the
disease may have reduced the case fatality
rate, especially through proper regimens of
rehydration and antibiotic therapy. Studying
the antibiograms of the 2 epidemics of cho-
lera in Hamadan and other provinces of the
Islamic Republic of Iran reveals that resis-
tance to trimethoprim—sulfamethoxazole
and furazolidone has remained high, while
resistance to erythromycin, doxycycline
and ciprofloxacin has been increasing.
This problem will cause some difficulties
concerning children and pregnant women
with cholera.

Our study suggests that there is a great
need for the Ministry of Health and Medical
Education in our country to control the
utilization of antimicrobial agents in cho-
lera, in addition to carrying out surveillance
of antimicrobial resistance as a guide to the
choice of antimicrobial for treatment.
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Practical guide on environmental health in emergencies and
disasters

The Centre for Environmental Health Activities has just published
the Arabic version of the WHO publication "Environmental health in
emergencies and disasters: practical guide". This document distills
what is known about environmental health (EH) during an emergency
or disaster. It is intended for practitioners, as well as for policy-makers
and researchers. In part |, a conceptual framework is presented for
understanding EH issues in the context of disaster management. The
framework covers the entire disaster-management cycle. Guidelines
are also sudggested for planning and reducing the effects of extreme
events on public health. Part Il of this bookK is a detailed compendium
of best practices and strategies for risk reduction and response.
Topics covered include: shelter and emergency settlements; water
supply; sanitation; food safety; vector and pest control; prevention of
epidemics; chemical incidents; radiation emergencies; and mortuary
services and handling of the dead. The complete document can be
accessed online at: http://www.emro.who.int/ceha/pdf/EHemerg.pdf
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