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Comments

This is an interesting research work
in which authors have demonstrated
antibiotic resistance pattern of S. typhi
clinical isolates in a highly populated
developing country. The authos have
showed that there is no relation
between population density and
evolving of resistant strains. Moreover,
the authors have showed the overall
resistant pattern of Salmonella typht in
population level, this information can
be important for clinicians to provide
treatment.
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1. Introduction

ABSTRACT

Objective: To investigate and compare the resistance and sensitivity of Salmonella typhi samples
to commonly used antibiotics in three major divisions of Bangladesh and to evaluate the gradually
developing resistance pattern.

Methods: The antibiotic susceptibility of 70 clinical isolates collected from blood, sputum, urine
and pus samples were identified by specific antisera and with standard biochemical tests. The
patients were divided into 5 age groups. Susceptibility and resistance was also tested by Kirby—
Bauer disc diffusion method using 12 regularly used antibiotics.

Results: Antibiotic susceptibility test demonstrated that 64.28% isolates of Salmonella typhi
were multidrug resistant. Present study suggests that the clinical samples were mostly resistant
against nalidixic acid with all age groups and in all three divisions with similar resistance
pattern. Resistance is more common among adult people (30-40 years) and children (0-10 years).
Salmonella typhi was mostly sensitive against gentamycin, chloramphenicol and ciprofloxacin.
Conclusions: Although the population density of Dhaka region is markedly higher than Rajshahi
and Chittagong regions, no significant difference in resistance pattern was found. The rate of
multidrug resistance is a matter of concern. Physicians should reconsider before prescribing
nalidixic acid and cefixime. Further molecular study is needed to reveal the genomic and
proteomic basis of resistance.

KEYWORDS
Bangladesh, Salmonella typhi, Resistance, Susceptibility, Antibiotic

multidrug—resistant bacterial strains are one of major health
problems in Bangladesh, especially for the childrenl1l. This

Typhoid fever is an epidemic problem for Bangladesh,
Indian subcontinent, South and Central America and Africa.
Despite the use of newly developed antibacterial drugs,

enteric fevers such as typhoid and paratyphoid caused by

disease is the most prevalent in South Central Asia and
Southeast Asia with more than 100 cases per 100000 persons
per year. Regions of medium incidence (10-100 cases per
100000 persons per year) include the rest of Asia, Latin
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America, Africa and the Caribbean, and Oceania, except for
Australia and New Zealand. It is estimated that there are
22 million new cases of enteric fever annually, with 200000
deaths2].

In early 1970s, emergence of plasmid-mediated
chloramphenicol resistance was reported and the
effectiveness of chloramphenicol as a first-line drug
decreased gradually by outbreaks caused by resistant
strains in countries as far apart as Mexico and India.
Outbreaks occurred in Vietnam, Indonesia, Korea, Chile and
Bangladesh in the next five years(3l. Salmonella typhi (S.
typhi) is now rapidly developing resistance to cipropfloxacin
and fluoroquinolone along with other conventional
antibiotics as reported in different parts of the world and
emerged as new challenges to the treatment of typhoid
fever{4-12].

It was reported that, in Bangladesh third generation
cephalosporins (ceftriaxone and cefixime) are still the
effective drugs for treating typhoid fever if used in proper
dose and duration. Though azithromycin is prescribed as an
alternative to ciprofloxacin in resistant cases, recently it has
lost the credibility due to the emergence of resistancell.13].
According to records of the public and private hospitals,
enteric fever is a major infectious disease occurring at high
fluctuating incidences all over Bangladesh.

Resistance to antibiotics is mainly driven by the selective
pressure imposed by their inappropriate use. Especially
in developing countries like Bangladesh, people do not
have the minimal awareness of resistance, antibiotics and
infections. They want symptomatic relief to which the health
professionals respond by prescribing antibiotics for quick
recovery. Infections with drug—resistant microorganisms are
associated with severity of the patient’s illness, increased
patient contact with healthcare personnel and length of stay
in the hospital. Eventually it causes extra cost of health
care, extended stay in the hospital, sudden or prolonged
health complications including significant excess morbidity
and mortalityl14.15]. Sometimes it reaches an extreme level
through the cross—infection of hospitalized patients with
such drug—resistant organisms|16].

So it became inevitable to check and compare the current
status of the susceptibility and resistance patterns of S.
typhi in a country to find any regional difference. Moreover,
determining the responsible compounds for antibiotic
resistance by observing the correlation between S. typht and
some biochemical parameters may become beneficial for
both the drug designers as well as the manufacturers.

This is the first comparative study reporting the
assessment of antimicrobial susceptibility and resistance of
S. typht for two other big divisions (Rajshahi and Chittagong)
of Bangladesh in addition to Dhaka that will provide ideas
about the regional variations of this pattern, if any.
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These observations with variations in the sensitivity and
resistance patterns for S. typhi against particular antibiotics
will provide suitable guidelines for clinicians to prescribe
specific antibiotics for typhoid fevers in specific cases for
the patients of Bangladesh. This information can become
useful for some other tropical countries in Southeast Asia to
face similar health problems.

2. Materials and methods
2.1. Sample collection

Blood, sputum, urine and pus samples were collected from
945 patients at different hospital and diagnostic centers in
Dhaka, Chittagong and Rajshahi during November 2011 to
November 2012. The patients were categorized in five age
groups, <10, 10-20, 20—30, 30—40 and >40 years. Patients with
systemic infection were selected for this study and their
clinical history and examination findings were recorded on

the standard form before preceding the blood culture.
2.2. Isolation of colonies

The aseptically collected samples were inoculated on
nutrient agar media using a calibrated loop delivering 10 uL
of the sample and incubated overnight at 37 °C. All bacterial
specimens were cultured on blood agar and MacConkey
agar, again incubated overnight at 37 °C and the isolates
were identified by adopting standard microbiological
procedure which includes colony morphology, Gram stain
reaction and biochemical reaction such as oxidase, catalase,
sulfide indole motility test, citrate agar slant, methyl
red test, Voges Proskauer test, triple sugar iron agar test
and urease test. The isolates of Salmonella were further
confirmed by abblutination with polyvalen O antiserum A-S
and individual H antisera (Denka Seiken, Japan).

2.3. Sensitivity test

Susceptibility and resistance of all isolates were checked
by performing the Kirby—Bauer disc diffusion method
according to the guidelines of Clinical and Laboratory
standards Institute, formerly National Committee for Clinical
Laboratory Standards|17.18]. The antibiotic incorporated plates
were incubated at 37 °C and zones of inhibition around
the antibiotic were measured after 18 h and within 24 h of
incubation.

The routinely used antibiotics, all from Hi Media, were
chloramphenicol, azithromycin, cephalexin, ciprofloxacin,
gentamicin, cloxacillin, azacitidine, cefixime, nitrofurantoin,
nalidixic acid, levofloxacin and ampicillin. The isolates were
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considered as multidrug resistant if they were resistant to at
least two classes of antibiotics.

2.4. Statistical analysis

Data analysis was performed by employing Statistical
package for Social Science (SPSS version 10.0). To compare
mean values between groups t—test was done as a test of

significance.

3. Results

A total of 70 S. typhi isolates were found from 945 clinical
samples. Samples isolated from Dhaka, Chittagong and
Rajshahi were evaluated for their sensitivity and resistance
to antiobiotics. Twelve commonly prescribed and available
antibiotics were used to assess.

Antibiogram of these isolates showed that, S. typhi was
most susceptible towards chloramphenicol in Dhaka (20.30%)
and Rajshahi (16.66%) (P<0.05) whereas cefixime was found
most sensitive in Chittagong (31.34%) (P<0.05). There was a
significant percentage of susceptibility to ciprofloxacin in
all three regions (P<0.05). Another susceptible antibiotic was
levofloxacin. Sensitivity to levofloxacin was found in the
samples of Dhaka (5.50%), Chittagong (17.34%) and Rajshahi
(13.88%) (Figure 1).
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Figure 1. Percentage of Salmonella clinical isolates susceptible to antibiotics
in three divisions.

Cro—Chloramphenicol, Azi—Azithromycin, Cep—Cephalexin, Cip—Ciprofloxacin,
Gen—Gentamicin, Clox—Cloxacillin, Azac—Azacitidine, Cefi—Cefixime, Nit—

Nitrofurantoin, Nal-Nalidixic acid, Levo—Levofloxacin, Amp—Ampicillin.

In case of resistance (Figure 2), highest resistance was
observed against nalidixic acid in all three divisions. The
percentage was significant (P<0.05) in Rajshahi (66.60%) and
Chittagong (40.00%). Resistance to cefixime was also observed
in Dhaka (11.45%), Chittagong (8.00%) and Rajshahi (16.66%).
No resistance was found against chloramphenicol.

Antibiotic resistance varies depending on age (Figure 3).
Rate of resistance was most among adult patients of 30—
40 years. There were samples of infants and child resistant

to all the antibiotics. Resistance to ciprofloxacin was also
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observed among all age groups.

In this study, report of multidrug resistance has been
found. Significant multidrug resistance has been observed in
Dhaka (79.41%) and Chittagong (60.00%). Multidrug resistance
has also been found in Rajshahi but in a lower percentage
than other divisions.

The overall study (Figure 4) shows that ciprofloxin (16%) is
the mostly susceptible antibiotic in Bangladesh followed by

chloramphenicol (15%) and cefixime (12%).
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Figure 2. Percentage of Salmonella clinical isolates resistant to antibiotics in
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three divisions.
Cro—Chloramphenicol, Azi—Azithromycin, Cep—Cephalexin, Cip—Ciprofloxacin,
Gen—Gentamicin, Clox—Cloxacillin, Azac—Azacitidine, Cefi—Cefixime, Nit—

Nitrofurantoin, Nal-Nalidixic acid, Levo—Levofloxacin, Amp—Ampicillin.

9
80
70
60
50
40
30
20

. I.IlJllI.li I a

Cro Azi Cep Cip Chi Clox Azac Cefi Nit Nal Levo Amp
®=0-10 " 10-20 "20-30 = 30-40 ">40

Figure 3. A comparison of the resistance of the drugs used according to age in
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this study in all the three divisions.
Cro—Chloramphenicol, Azi—Azithromycin, Cep—Cephalexin, Cip—Ciprofloxacin,
Gen—Gentamicin, Clox—Cloxacillin, Azac—Azacitidine, Cefi-Cefixime, Nit—

Nitrofurantoin, Nal-Nalidixic acid, Levo—Levofloxacin, Amp—Ampicillin.
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Figure 4. Pattern of percentages of antibiotic susceptibility among all isolated
clinical samples of S. typhi.

On the other hand, nalidixic acid was found the most



Adnan Mannan et al./Astan Pac J Trop Biomed 2014; 4(4): 306-311

resistant antibiotic (29%) against S. typhi (Figure 5).
Resistance against cefixime (12%) was also remarkable.
Resistance against levofloxacin (9%) and ciprofloxacin (8%)
was also observed in high rate.
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Figure 5. Pattern of percentages of antibiotic resistance among all isolated
clinical samples of S. typhi.

Amp—Ampicillin, Clox-Cloxacillin,Cep—Cephalexin, Cefi—Cefixime, Azi—
Azithromycin, Nal-Nalidixic acid, Cip—Ciprofloxacin, Levo—Levofloxacin, Nit—

Nitrofurantoin, Cro—Chloramphenicol, Gen—Gentamicin, Azac—Azacitidine.

4. Discussion

The occurrence of antibiotic resistance in lower—-middle—
income countries takes place due to the poor access to
doctors. It eventually encourages the unacceptable practice
of selling antibiotics over the countryl19l. A relation between
antibiotic use and its resistance in clinical isolates had been
proven in many studies. Even though, a direct quantitative
relationship between the amount of antibiotic used and the
frequency of resistance is still lacking{201.

In the present study regional differences in antibiotic
sensitivity against S. typhi were observed. Most isolates
were resistant to nalidixic acid, ciprofloxacin, cefixime,
azithromycin. In all of the three regions, nalidixic acid was
found the most resistant antibiotic against S. typhi whereas
the number of ciprofoloxacin and levofloxacin resistant
strain was also higher in Chittagong region.

Although previous studies showed the growing resistance
of ciprofloxacin(21-23], but we found both ciprofloxacin
resistant and susceptible samples. It might be due to less
resistance to ciprofloxacin in Rajshahi. Sixteen percent of
the studied samples were susceptible to ciprofloxacin. On
the other hand 8% of the samples were resistant to it.

Nalidixic acid was previously shown to be resistant in
Dhakal13]. Our study shows similar pattern of resistance to
nalidixic acid in Chittagong and Rajshahi as well. Resistance
to nalidixic acid has also been reported in India, China and
Tunisiall1.12.24],

In our study we found that 64.28% isolates of S. typht
are multidrug resistant. This shows alarming increase
of multidrug resistance of this organism in Bangladesh
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supported by a number of previous studies[13.25-27].

Similar pattern of increase in multidrug resistance has
been observed in the last 30 years in Indial28l. Contributory
factors may be drug overuse, misuse and inappropriate
prescribing practices by physicians along with intrinsic
microbiological plasmid—mediated factors|15.291.

The increase of Salmonella strains resistant to antibiotics
may be an indicator of the ecological impact of use of
antibiotics in animals[30l. A large amount of antibiotics
have been used in veterinary medicine as therapy or
feed additives, which producing resistant organismi(31.32].
These resistant bacteria and/or their resistant genes can
be transferred from animals to humans through the food
chain(30.33]. Tetracycline and cephalosporin have been used
in prevention and control of bacterial infection as veterinary
medicine and in plant agriculture, other than in humani34l.
Though Bangladesh is a land of cultivation, no isolates were
found resistant to chloramphenicol in Dhaka, Rajshahi and
Chittagong region whereas cefixime resistant strains were
found in three of the regions.

Moreover, increased population can lead to increased
dissemination of antibiotic resistant bacteria and resistant
genesi35l. As Bangladesh is a developing country, increase
in population density and urbanization may facilitate the
spread of resistant bacteria and gene, which was also seen
in other countries36l.

Our research shows that, antibiotic resistance is common
among children. It might be due to use of antibiotic for
other indications. Antibiotic resistance was also observed
among the children of Europe, and the reason was misuse
of antibiotic37l. Continuous use of antibiotic in Bangladesh
can be a reason for high occurrence of resistance among
the adults in this study. Inconclusive diagnosis, over
dependence on antibiotics can be causes for thisf4l.

According to our findings, ciprofloxacin and nalidixic acid
cannot be a potential option for the treatment due to their
resistance. Pattern of resistance varies due to geographical
and environmental variance. Physicians should be more
conscious in prescribing similar antibiotics all over the
country. Multidrug resistance among typhoid patients is
increasing in a threatening way. Finally this study suggests a
national guideline for antibiotic use in Bangladesh.
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Comments

Background

Salmonella enterica serotype typhi is a human restricted
pathogen, which causes typhoid fever, and leads to a high
rate of global morbidity and mortality. Ideal antimicrobial
treatment of patients with enteric fever depends on
an understanding of local patterns of antimicrobial
resistance and is enhanced by the results of antimicrobial
susceptibility testing of the Salmonella isolated from the
individual patient. Drug resistant variants are evolving
and clinicians need to be aware that patients infected with
resistant Salmonella variants may not respond adequately.

Research frontiers

The present research work depicts antibiotic resistance
pattern of S. typhi clinical isolates from Bangladesh. In this
study the authors have collected samples from different part
of the country. Although the sample size is small, it reflects
the overall antibiotic resistance pattern against S. typhi in
the population.

Related reports

Previous reports also showed similar finding especially in
Dhaka region. Ahmed et al. (2006) and Saha et al. (2001) got
same type of resistance pattern earlier.

Innovations and breakthroughs

Although the only source of S. typhi is infected humans,
and fecal contamination in drinking water and food supplies
leads to this disease, the authors have showed that antibiotic
resistance pattern does not depend on the population
density. They also showed abundance of drug resistance
strains in the population which is a matter of concern,
since they have conducted the study in a highly populated

developing country.

Applications

In case of invasive infections and enteric fever, antibiotics
are administered. If not treated properly, enteric fever
carries a high mortality rate, while the rate is reduced to
minimal if treatment is available straightaway. In cases of
enteric fever, it is often necessary to commence treatment
before the laboratory sensitivity testing results are available.
This often leads to treatment failure and multidrug
resistance. Therefore, it is important to study the antibiotic
resistance pattern of S. typhi in a population to predict a
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better treatment strategy.

Peer review

This is an interesting research work in which authors have
demonstrated antibiotic resistance pattern of S. typhi clinical
isolates in a highly populated developing country. Fecal
contamination in drinking water and food supplies leads to
spread of S. typhi infection. The general speculation would
be higher resistant pattern in highly dense populated area;
however, the authors have showed that there is no relation
between population density and evolving of resistant strains.
Moreover, the authors have showed the overall resistant
pattern of S. typhi in population level, this information can

be important for clinicians to provide treatment.
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