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ABSTRACT

Enteric fever caused by Salmonella enterica remains an unresolved public health problem and due to the
prevalence of multidrug resistant (MDR) strains for the last two decades, the first line antimicrobials were
discontinued and currently the second line antimicrobials are used. A total of 325 blood samples from
clinically suspected enteric fever patients were collected during the study period of July, 2014 to June, 2015.
After identification of organisms, antimicrobial susceptibility tests were done by disc diffusion method and
MIC by broth microdilution method. Rate of isolation of organisms were 19.38%, among them Salmonella
Typhi were 85.71% and Salmonella Paratyphi A were 14.29%. About 74.07%, 77.78% and 72.22% strains
of Salmonella Typhi and 88.89%, 77.78% and 77.78% strains of Salmonella Paratyphi A were sensitive to
chloramphenicol, ampicillin and cotrimoxazole respectively. By disc diffusion method, 94.44% Salmonella
Typhi strains and by broth microdilution method, 98.15% strains of Salmonella Typhi were sensitive to
ceftriaxone. All the strains of Salmonella Paratyphi A were sensitive to ceftriaxone by both disc diffusion
and broth microdilution method. In case of Salmonella Typhi, by disc diffusion method, 88.88% strains and
by broth microdilution method, 92.59% strains were sensitive to cefotaxime. In case of Salmonella
Paratyphi A, by both disc diffusion and broth microdilution method, 88.89% strains were sensitive to
cefotaxime by each method. About 81.48% strains of Salmonella Typhi and 88.89% strains of Salmonella
Paratyphi A were sensitive to cefixime by disc diffusion method. By disc diffusion method, 70.37% strains
of Salmonella Typhi and by broth microdilution method, 72.22% Salmonella Typhi strains were
intermediate sensitive to ciprofloxacin. By disc diffusion method, 66.67% strains of Salmonella Paratyphi A
and by broth microdilution method, 77.78% strains of Salmonella Paratyphi A were intermediate sensitive
to ciprofloxacin. All the strains of Salmonella Typhi and Paratyphi A were resistant to azithromycin by disc
diffusion method but 87.04% strains of Salmonella Typhi and 77.78% strains of Salmonella Paratyphi A
were sensitive by broth microdilution method. To determine antimicrobial susceptibility, broth
microdilution method along with disc diffusion method should be done especially in case of azithromycin.
Treatment of enteric fever with the first line antimicrobials should be reconsidered after testing their
susceptibility pattern.

Keywords: Enteric fever, broth microdilution method, disc diffusion method, antimicrobial susceptibility
pattern, Salmonella Typhi
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INTRODUCTION

Enteric fever remains an important public health problem in many developing countries!. Salmonella Typhi
causes typhoid fever, while Salmonella Paratyphi and Salmonella Choleraesuis are the major serotypes and
Salmonella Typhimurium is a minor serotype which causes non-typhoidal salmonellosis in humans?.
Current estimation shows that worldwide total number of typhoid fever episodes was 13.5 million in 20103,

In Bangladesh, the incidence of typhoid fever was 2.0 episodes/1,000 persons/year, with a higher incidence
in children aged less than 5 years (10.5/1,000 persons/year) than in older persons (0.9/1,000 persons/year).
The incidence of paratyphoid fever was 0.4/1,000 persons/year without variation by age group®.
Bangladesh, India and Pakistan together account for about 85% of the world’s typhoid cases®.

Diagnosis of enteric fever depends on the isolation of Salmonella, most commonly by blood culture
method®. Blood culture is the gold standard diagnostic method for diagnosis of enteric fever/:8.
Identification of bacteria is important in confirming the clinical diagnosis of typhoid and will contribute to
the effective management and treatment of typhoid cases®. Antibiotics have for long been the standard
treatment for typhoid fever and antibiotics brought case fatality rates down from over 25% to around 1%°.

Antibiotic therapy must be guided by in vitro sensitivity testingl®. To determine in vitro antimicrobial
susceptibility, the most commonly used methods include disc diffusion and minimum inhibitory
concentration (MIC) which is determined by broth dilution, agar dilution, rapid automated instrument based
methods and also by E-test1l.

One of the greatest advantages of the disc diffusion test is convenience and user friendliness because results
are generally accurate and most commonly encountered bacteria are reliably tested. The disc diffusion test is
still among the most commonly used method for antimicrobial susceptibility testing and results are
determined by zone of inhibition. Broth dilution testing is divided into two categories: microdilution and
macrodilutionl2. Both microdilution and macrodilution procedures generate quantitative result (the MIC),
but the advantages of microdilution susceptibility procedure include the economy of reagents and space due
to miniaturization of the test13. The MIC obtained using a dilution test can detect the concentration level of

resistance and may help physicians4.

Thus minimum inhibitory concentrations (MICs) are considered the gold standard for determining the
susceptibility of organisms to antimicrobials and are therefore used to judge the performance of all other

methods of susceptibility testing®.

First line antibiotics most readily available for the treatment of typhoid fever are chloramphenicol,
ampicillin and cotrimoxazole8.17.18 Typhoid fever caused by Salmonella Typhi strains which are resistant
to all the three first line recommended drugs for treatment are defined as the multidrug resistant (MDR)
strains19:20. The first line antimicrobials are cost effective and oral forms of chloramphenicol, ampicillin
and cotrimoxazole are available?1:22,

Typhoid fever is endemic in tropics and subtropics including Bangladesh and India due to substandard
personal hygiene and poor sanitation23:24. To complicate matters further, in the last two decades, multidrug
resistant (MDR) Salmonella Typhi have emerged and spread worldwide, resulting in huge health care costs
and high rates of morbidity and mortality19:2°.

Second line drugs for the treatment of typhoid fever include ceftriaxone, cefotaxime, cefixime, ciprofloxacin
and azithromycin22. Among these drugs, ceftriaxone and cefotaxime are given by intravenous route, and
their disadvantages include high costs and prolonged defervescence time25. Ceftriaxone, cefotaxime and
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cefixime are effective for treatment of MDR enteric fever including fluoroquinolone resistant strains2’. In
case of cefixime, ciprofloxacin and azithromycin, oral forms are available22. Azithromycin, a member of
the macrolide class of antibiotics possesses many characteristics for effective and convenient treatment of
typhoid fever28.

Considering the above facts this study was done to isolate typhoidal Salmonella species from blood among
clinically suspected enteric fever cases and also finds out the antimicrobial susceptibility pattern of
typhoidal Salmonella species by disc diffusion and broth microdilution method in some hospitals in Dhaka,
Bangladesh.

MATERIALS AND METHODS

This cross sectional study was conducted in the Department of Microbiology, Sir Salimullah Medical
College, Dhaka over a period of one year from July, 2014 to June, 2015. Ethical clearance was obtained
from Instituitional Ethics Committee (IEC) of SSMC (Memo no 2015/94, Dated 13.7.15) before performing
the study. A total 325 blood samples were collected from clinically suspected enteric fever patients
attending the out-patient Department of Medicine and Pediatric unit of Sir Salimullah Medical College and
Mitford Hospital and also from Bangladesh Medical College and Hospital.

Isolation and identification of organisms:

Blood samples were collected from each patient into a conventional blood culture bottle following standard

procedure29:30, Tryptone soya broth was used for conventional blood culture. Subcultures were done on
MacConkey agar and blood agar media and incubated aerobically at 37°C for 24 hours and extended up to 7

th day in culture negative cases22. Colonies were identified by observing colony morphology, Gram staining
characteristics and relevant biochemical tests such as inoculation into KIA media, oxidase test, indole test,

motility test, urease test and citrate utilization test31:32. All the media were procured from Oxoid Ltd, UK.
Antimicrobial susceptibility test:

After identification all the Salmonella Typhi and Salmonella Paratyphi A strains were tested for
antimicrobial susceptibility testing by disc diffusion method following modified Kirby-Bauer technique and
broth microdilution method to determine MIC33:34. Susceptibility patterns were determined following CLSI
guidelines and BSAC3°36. The antimicrobial discs were procured from Oxoid Ltd, UK. First line
antimicrobial drugs were ampicillin, chloramphenicol, cotrimoxazole and second line antimicrobial drugs

were cefixime, cefotaxime, ceftriaxone, ciprofloxacin and azithromycin10.27.37 MIC of first line drugs and
in case of second line drugs all except cefixime were not performed because powder or liquid forms were
not available.

Quiality Control:

Reference strains of Escherichia coli (ATCC 25922) was used as a control reference strains for
identification and drug susceptibility testing. Quality control for media was done by randomly taking the
prepared culture media and incubating over night to see for any growth.

RESULTS

A total of 325 blood samples were collected from clinically suspected enteric fever cases in the study period
of one year of which, 63 (19.38%) cases showed growth and the remaining 262 (80.62%) cases showed no
growth. Among these 63 isolates, 54 (85.71%) isolates were Salmonella Typhi and 9 (14.29%) isolates were
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Salmonella Paratyphi A.

Table — | shows susceptibility pattern of Salmonella Typhi and Paratyphi A to first line antimicrobial agents
by disc diffusion method. Among 54 isolates of Salmonella Typhi, 40 (74.07%), 42 (77.78%) and 39
(72.22%) strains were sensitive to chloramphenicol, ampicillin and cotrimoxazole respectively. Among the
9 isolates of Salmonella Paratyphi A, 8 (88.89%) strains were sensitive to chloramphenicol and in case of
both ampicillin and cotrimoxazole 7 (77.78%) strains were sensitive individually.

Table — 11 shows susceptibility pattern of Salmonella Typhi and Paratyphi A to second line antimicrobial
agents by disc diffusion method. Among 54 isolates of Salmonella Typhi, 51 (94.44%), 48 (88.88%) and 44
(81.48%) strains were sensitive to ceftriaxone, cefotaxime and cefixime respectively. In case of
ciprofloxacin, 38 (70.37%) strains of Salmonella Typhi were intermediate sensitive and 16 (29.63%) strains
were resistant. All the strains of Salmonella Typhi were resistant to azithromycin. All the 9 isolates of
Salmonella Paratyphi A were sensitive to ceftriaxone. In case of both cefotaxime and cefixime, 8 (88.89%)
strains were sensitive to each of them. In case of ciprofloxacin, 6 (66.67%) strains of Salmonella Paratyphi
A were intermediate sensitive and 3 (33.33%) strains were resistant. All the strains of Salmonella Paratyphi
A were resistant to azithromycin.

Table — 111 shows MIC breakpoint of ceftriaxone, cefotaxime, ciprofloxacin and azithromycin for Salmonella
species. Among 54 isolates of Salmonella Typhi, 53 (98.15%), 50 (92.59%) and 47 (87.04%) strains were
sensitive to ceftriaxone, cefotaxime and azithromycin respectively. In case of ciprofloxacin, 39 (72.22%)
strains were intermediate sensitive and 13 (24.08%) strains were resistant by broth microdilution method.
Among 9 isolates of Salmonella Paratyphi A, all the strains were sensitive to ceftriaxone and 8 (88.89%)
and 7 (77.78%) strains were sensitive to cefotaxime and azithromycin. However, in case of ciprofloxacin 7
(77.78%) strains showed intermediate sensitivity by broth microdilution method.

Table — IV shows comparison between the susceptibility patterns of Salmonella Typhi determined by broth
microdilution method (MIC) and disc diffusion method. In case of ceftriaxone, cefotaxime and azithromycin
53 (98.15%), 50 (92.59%), and 47 (87.04%) strains were sensitive, 39 (72.22%) strains were intermediate
sensitive to ciprofloxacin, 13 (24.08%) and 7 (12.96%) strains were resistant to ciprofloxacin and
azithromycin by broth microdilution method. Fifty one (94.44%) and 48 (88.88%) strains were sensitive to
ceftriaxone and cefotaxime, 38 (70.37%) strains were intermediate sensitive to ciprofloxacin, 16 (29.63%)
and 54 (100%) strains were resistant to ciprofloxacin and azithromycin by disc diffusion method.

Table — V shows comparison between the susceptibility patterns of Salmonella Paratyphi A determined by
broth microdilution method (MIC) and disc diffusion method. In case of ceftriaxone, cefotaxime and
azithromycin, 9 (100%), 8 (88.89%) and 7 (77.78%) strains were sensitive, 7 (77.78%) strains were
intermediate sensitive to ciprofloxacin, 2 (22.22%) strains were resistant to both ciprofloxacin and
azithromycin individually by broth microdilution method. 9 (100%) and 8 (88.89%) strains were sensitive to
ceftriaxone and cefotaxime, 6 (66.67%) strains were intermediate sensitive to ciprofloxacin, 3 (33.33%) and
9 (100%) strains were resistant to ciprofloxacin and azithromycin by disc diffusion method.

Table — I: Susceptibility pattern of Salmonella Typhi and Paratyphi A to first line antimicrobial agents by
disc diffusion method (n=63)

Antimicrobial agents{Salmonella Typhi (n=54) Salmonella Paratyphi A (n=9)

S I R S I R
Chloramphenicol |40 (74.07%)|0 (0%) |14 (25.93%)(8 (88.89%)|0 (0%) |1 (11.11%)
Ampicillin 42 (77.78%)|0 (0%) |12 (22.22%)|7 (77.78%)|0 (0%) |2 (22.22%)
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Cotrimoxazole 39 (72.229%)[0 (0%) |15 (27.78%)(7 (77.78%)[0 (0%) |2 (22.22%)|

Note: S = Sensitive, | = Intermediate, R = Resistant
Zone diameter was measured according to CLSI guideline, 2014

Table — 11: Susceptibility pattern of Salmonella Typhi and Paratyphi A to second line antimicrobial agents
by disc diffusion method (n=63)

Antimicrobial agents|Salmonella Typhi (n=54 Salmonella Paratyphi A (n=9)
S I R S I R

Ceftriaxone 51 (94.44%)|3 (5.56%) [0 (0%) 9 (100%) |0 (0%) 0 (0%)
Cefotaxime 48 (88.88%)|3 (5.56%) |3 (5.56%) |8 (88.89%)|1 (11.11%)(0 (0%)
Cefixime 44 (81.48%)|2 (3.70%) |8 (14.82%) |8 (88.89%)(0 (0%) 1(11.11%)
Ciprofloxacin 0 (0%) 38 (70.37%)|16 (29.63%)|0 (0%) 6 (66.67%)|3 (33.33%)
Azithromycin 0 (0%) - 54 (100%) |0 (0%) - 9 (100%)

Note: Zone diameter was measured according to CLSI guideline, 2014
In case of azithromycin, according to BSAC, 2015 only sensitive and resistant zone diameter was given

Table — I11: MIC breakpoint of ceftriaxone, cefotaxime, ciprofloxacin and azithromycin for Salmonella
species (N=63)

Antimicrobial agents|Salmonella Typhi (n=54) Salmonella Paratyphi A (n=9)

S | R S | R
Ceftriaxone 53 (98.15%)|1 (1.85%) [0 (0%) 9 (100%) [0 (0%) |0 (0%)
Cefotaxime 50 (92.59%)[1 (1.85%) |3 (5.56%) |8 (88.89%)|1 (11.11%)[0 (0%)
Ciprofloxacin 2 (3.70%) |39 (72.22%)(13 (24.08%)[0 (0%) |7 (77.78%)|2 (22.22%)
Azithromycin 47 (87.04%)| 7 (12.96%) |7 (77.78%)|— 2 (22.22%)

Note: MIC break point was measured according to CLSI guideline, 2014
In case of azithromycin, according to BSAC, 2015 only sensitive and resistant MIC break point was given

Table — IV: Comparison between the susceptibility patterns of Salmonella Typhi determined by broth
microdilution method (MIC) and disc diffusion method (n=54)

Methods of susceptibility
Name of Broth . Broth . Broth .
antimicrobial |gijution Disc dilution Disc dilution Disc
agents method diffusion method diffusion method diffusion

(MIC) method (MIC) method (MIC) method

S S I I R R
Ceftriaxone 53 (98.15%) |51 (94.44%) (1 (1.85%) 3(5.56%) [0 (0%) 0 (0%)
Cefotaxime 50 (92.59%) |48 (88.88%) (1 (1.85%) 3 (5.56%) 3 (5.56%) 3 (5.56%)
Ciprofloxacin 2 (3.70%) 0 (0%) 39 (72.22%) |38 (70.37%) (13 (24.08%) |16 (29.63%)
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|Azithromycin ~ [47 (87.04%) [0 (0%) - - 7 (12.96%) |54 (100%) |

Note: Kappa test showed moderate agreement in ceftriaxone, substantial agreement in cefotaxime and
ciprofloxacin, whereas poor agreement in azithromycin

Table — V: Comparison between the susceptibility patterns of Salmonella Paratyphi A determined by broth
microdilution method (MIC) and disc diffusion method (n=9)

Name of Methods of susceptibility
antimicrobial
agents Broth . Broth . Broth .

. Disc o Disc o Disc
dilution diffusion dilution diffusion dilution diffusion
method method method method method method
(MIC) (MIC) (MIC)

S S I | R R
Ceftriaxone 9 (100%) 9 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Cefotaxime 8 (88.89%) |8 (88.89%) |1 (11.11%) 1(11.11%) |0 (0%) 0 (0%)
Ciprofloxacin 0 (0%) 0 (0%) 7 (77.78%) 6 (66.67%) |2 (22.22%) 3 (33.33%)
Azithromycin 7 (77.78%) |0 (0%) - - 2 (22.22%) 9 (100%)

Note: Percentage agreement of ceftriaxone was 100%. Kappa test showed almost perfect agreement in
cefotaxime, substantial agreement in ciprofloxacin, whereas poor agreement in azithromycin

DISCUSSION

Re-emergence of susceptibility to conventional first line drugs were strongly observed in this study, which
supports the possibility of using these drugs in the treatment of enteric fever. To determine antimicrobial
susceptibility for certain antibiotics along with disc diffusion method, minimum inhibitory concentration
must be determined for proper clinical management and prevention of therapeutic failure13.

In present study, out of 325 clinically suspected enteric fever cases, 63 (19.38%) Salmonella species were
isolated from conventional blood culture method. This finding correlated with the findings reported in

various studies done in Bangladesh by Sultana, Khan and in India by Saha and his associates38:39:40, The
widespread availability and use of antibiotics in the community makes it frequently difficult to isolate the

organisms from blood culture®L.

In the current study, predominant isolates were Salmonella Typhi which were 54 (85.71%) and similar to
the findings of Gupta et al*2. In Bangladesh, Shadia et al., in her study observed 79% isolates were
Salmonella Typhi#3. In this study, 9 (14.29%) Salmonella Paratyphi A were found and this finding
correlated with a study done by Gupta et al2. In Bangladesh Shadia et al., in her study found 21% isolates
were Salmonella Paratyphi A which did not correlate with the present study#3. The reason may be due to the
increase use of Salmonella Typhi vaccines in the general population which presumably lead to a decline in
enteric fever cases due to Salmonella Typhi44.

In this study, the sensitivity pattern to these first line drugs (chloramphenicol, ampicillin and cotrimoxazole)
was detected by disc diffusion method because injectable forms of these drugs were not available in
Bangladesh during the study period. 40 (74.07%), 42 (77.78%) and 39 (72.22%) isolates of Salmonella
Typhi were sensitive to chloramphenicol, ampicillin and cotrimoxazole respectively by disc diffusion
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method (Table — 1). This finding correlated with a study done by Nagshetty et al., in India?®. In another
study, done in Bangladesh by Sultana showed 73.9% and 69.6% strains were sensitive to chloramphenicol
and cotrimoxazole respectively38. Makanjuola et al., from Nigeria reported less than 50% sensitivity to all
the previously mentioned first line drugs in case of Salmonella Typhi which did not correlate with the
present study. This may be due to differences in study population and study pattern18. In case of Salmonella
Paratyphi A, 8 (88.89%), 7 (77.78%) and 7 (77.78%) isolates showed sensitivity to chloramphenicol,
ampicillin and cotrimoxazole respectively by disc diffusion method. Studies done by Kumar et al., and
Chand et al., observed higher sensitivity to these drugs than the current study because in those area
conventional first line drugs have been restricted for therapeutic use for almost two decades due to the
development of MDR strains#6:47.

With the emergence of resistance to ampicillin, chloramphenicol and cotrimoxazole, first choice of empiric
treatment of typhoid fever has changed to ceftriaxone and ciprofloxacin®3. Third generation cephalosporins
have gained importance for the treatment of enteric fever because of their pharmacodynamic properties and
the very low prevalence of resistance to these agents?8. In current study, out of 54 Salmonella Typhi, 51
(94.44%) isolates were sensitive to ceftriaxone by disc diffusion method (Table — I1). The sensitivity pattern
was similar to the findings done by Raza et al., and Muthu et al*3:%0. Monica et al., in her study observed
68.75% strains were sensitive to ceftriaxone by disc diffusion method which did not correlate with the
present study2L. Salmonella Typhi obtained in this study by broth microdilution method were found to be 53
(98.15%) sensitive to ceftriaxone (Table — I11). A study done by Muthu et al., in India found 100% strains
were sensitive to ceftriaxone by agar dilution method®. Similarly Kawser et al., in Bangladesh also
reported 100% strains were sensitive to ceftriaxone by agar dilution method®L. In this study, to campare
between disc diffusion and broth microdilution method statistical analysis was done by Kappa test which
showed moderate agreement between these two methods in ceftriaxone for Salmonella Typhi strains (Table
— 1V). The reason may be due to lesser sensitivity was observed in disc diffusion method in comparison to
broth microdilution method because in case of disc diffusion method zone sizes are affected by the media,

incubation condition and growth rates of organisms being testedl3. In this study, 9 (100%) Salmonella
Paratyphi A isolates were sensitive to ceftriaxone by disc diffusion method (Table — II), which was similar
to the findings done by Raza et al#9. Current study also showed all the strains of Salmonella Paratyphi A
were sensitive to ceftriaxone by broth microdilution method (Table — 111) which correlated with another

study done by Kawser et al., in Bangladesh and the method was agar dilution®L. In the present study, in case
of Salmonella Paratyphi A percentage agreement of ceftriaxone was 100% (Table — V).

In current study, out of 54 Salmonella Typhi, 48 (88.88%) strains were sensitive to cefotaxime detected by
disc diffusion method (Table — I1) and Mushtaq in his study also reported parallel findings of sensitivity°2.
All the isolates of Salmonella Typhi were sensitive to cefotaxime by disc diffusion method which were
found in various studies done by Gupta et al., Kumar et al., and Pokharel et al*246.53_ salmonella Typhi
obtained in this study by broth microdilution method were found to be 50 (92.59%) sensitive to cefotaxime
(Table — I11). In India, Muthu et al., and Capoor et al., reported all the strains of Salmonella Typhi were
cefotaxime sensitive by agar dilution method®94. In present study, there was substantial agreement showed
between these two methods (Table — IV). In case of Salmonella Paratyphi A out of 9 isolates, 8 (88.89%)
were sensitive to cefotaxime by disc diffusion method (Table — Il). Pokharel et al., found 76% strains were
sensitive and all the strains were reported sensitive by Gupta et al., and also by Kumar et al., and the method
was disc diffusion?246:53 By broth microdilution method in current study 8 (88.89%) of Salmonella
Paratyphi A strains were sensitive to cefotaxime (Table — I1I). All the strains were reported sensitive to
cefotaxime by Muthu et al., and Capoor et al., and the method was agar dilution®0:%4, In present study, in
case of Salmonella Paratyphi A there was almost perfect agreement showed between these two methods
(Table — V).

For the treatment of typhoid fever in comparison to other antibiotics, cefotaxime and ceftriaxone are much
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more widely used. Despite the fact, in current study, the resistance pattern of cefotaxime is higher than
ceftriaxone. Similar observations were found in studies done by Mushtaq, Muthu et al., and Khoharo and
Memon®2:52.55 The increasing drug resistance results from the exploitation of drug used by chemist,
quacks and paramedics.

In present study, out of 54 Salmonella Typhi strains, 44 (81.48%) were sensitive and 8 (14.82%) were
resistant to cefixime by disc diffusion method (Table — II). In a review article by Chowdhury et al., in
BSMMU, it was reported that 78.8% strains were sensitive to cefixime which correlated with the present
study®6. Afzal et al., who found 70% strains were sensitive to cefixime®’. Another study in India done by
Monica et al., found 56.25% strains were sensitive to cefixime which did not correlate with the present
study?!. The availability of cefixime in oral form may be responsible for the increasing resistance pattern
by Salmonella Typhi strains. Of 9 Salmonella Paratyphi A, 8 (88.89%) were sensitive to cefixime by disc
diffusion method (Table — I1) in current study. Jain and Chugh in India reported total 2.5% isolates of
Salmonella Paratyphi A were resistant to cefixime®®.

In this study, 38 (70.37%) Salmonella Typhi strains were intermediate sensitive to ciprofloxacin by disc
diffusion method (Table — I1) which correlated with the study of Afzal et al°’. The resistance pattern of our
study correlated with the study done by Chowdhury et al®®. In contrast Kumar et al., in their study reported
higher sensitivity of Salmonella Typhi strains to ciprofloxacin®®. In current study, by broth microdilution
method 39 (72.22%) isolates showed intermediate sensitivity and 13 (24.08%) isolates were resistance to
ciprofloxacin (Table — 111) which were opposite to the findings observed by a study done by Kawser2®. In
present study, there was substantial agreement showed between these two methods (Table — V). In current

study, in case of Salmonella Paratyphi A, 6 (66.67%) were intermediate sensitive and 3 (33.33%) were
resistant to ciprofloxacin by disc diffusion method (Table — Il) which correlated with another study done by
Agrawal et al®0. The finding of current study was different from the study done by Muthu et al., and Chand
et al*7:20, By broth microdilution method 7 (77.78%) isolates showed intermediate sensitivity and 2
(22.22%) were resistant to ciprofloxacin (Table — I11) which were different from observation by Kawser in
Bangladesh®®. In present study, to compare between disc diffusion and broth microdilution method
statistical analysis was done by Kappa test which observed substantial agreement between these two
methods in case of ciprofloxacin in Salmonella Paratyphi A strains (Table — V). The reason may be due to
lesser sensitivity was observed in disc diffusion method in comparison to broth microdilution method
because in case of disc diffusion method zone sizes are affected by the media, incubation condition and

growth rates of organisms being tested?3.

Most of the studies showed that azithromycin is highly effective in uncomplicated typhoid fever. Very few
studies have been carried out in Bangladesh to see the effectiveness and sensitivity of azithromycin with
uncomplicated typhoid feverl. Due to lack of breakpoint concentrations in CLSI guidelines, in vitro
interpretation for Salmonella to azithromycin has often been difficult52. In this study, all the isolates of
Salmonella Typhi and Salmonella Paratyphi A were resistant to azithromycin by disc diffusion method
(Table — 11) which was similar to another study done by Islam et al., and contradictory to Patel et al®3.64,
Islam et al., found 18% Salmonella isolates were azithromycin resistant by disc diffusion method; out of
these 77.8% showed clinical improvement with azithromycinl. More than 90% clinical cure rates in
patients treated with azithromycin was found in a study done by Frenck et alf®. As azithromycin has no
definite breakpoint for Salmonella isolates according to CLSI, 2014; BSAC, 2015 guideline was followed in
this study. In current study, in case of Salmonella Typhi, 47 (87.04%) and in Salmonella Paratyphi A 7
(77.78%) strains were sensitive to azithromycin by broth microdilution method (Table — I11). Susceptibility
patterns of azithromycin by disc diffusion and broth microdilution method did not correlate with each other
in the present study (Table — IV & V). Statistical analysis by Kappa test to compare between disc diffusion
and broth microdilution method in case of both Salmonella Typhi and Salmonella Paratyphi A showed poor
agreement between these two methods (Table — IV & V) and this might be due to lack of breakpoint

Page 2559
www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS |Volume VIII Issue 11 February 2024

5, >
¢ RSIS ~

concentrations for azithromycin in various international guidelines because in vitro interpretation has often
been difficult for Salmonellab2.

Currently, third generation cephalosporins or fluoroquinolones are the only real options available for enteric
fever infections, yet increasing reports of resistance with these agents mean that azithromycin may itself

emerge as a crucial drug in the future treatment and control of enteric fever®9.

CONCLUSION

Sensitivity of Salmonella Typhi and Paratyphi A to the first line antimicrobials were more than 70%,
indicating returning of sensitivity pattern to first line antimicrobials. All the strains of Salmonella Typhi and
Paratyphi A were resistant to azithromycin by disc diffusion method, whereas approximately 87% strains of
Salmonella Typhi and 78% strains of Salmonella Paratyphi A exhibited sensitivity to it by broth
microdilution method. So if possible along with disc diffusion method broth microdilution method should
be done to determine the antimicrobial susceptibility. The very high resistance to azithromycin may likely
be due to its overt-use by clinicians, so its use in the treatment of salmonellosis should be suspended, while
reverting to the first line antibiotics which in vitro efficacy is outstanding from this study.

REFERENCES

1. Ivanoff B, Levine MM, Lambert PH. Vaccination against typhoid fever: present status. Bulletin of the
World Health Organization. 1994; 72(6): 957-971.

2. Su LH, Chiu CH. Salmonella: Clinical importance and evolution of nomenclature. Chang Gung Med
J. 2007; 30(3): 210-219.

3. Buckle GC, Walker CLF, Black RE. Typhoid fever and paratyphoid fever: Systematic review to
estimate global morbidity and mortality for 2010. Journal of Global Health. 2012; 2(1): 010401.

4. Naheed A, Ram PK, Brooks WA, Hossain MA, Parsons MB, Talukder KA, et al. Burden of typhoid
and paratyphoid fever in a densely populated urban community, Dhaka, Bangladesh. International
Journal of Infectious Diseases. 2010; 14(Suppl 3): €93-€99.

5. Maurice J. A first step in bringing typhoid fever out of the closet. The Lancet. 2012; 379: 699-700.

6. Wain J, Hosoglu S. The laboratory diagnosis of enteric fever. J Infect Developing Countries. 2008;
2(6): 421-425.

7. Das JC. Laboratory investigations of enteric fever in children: an update. JCMCTA. 2007; 18(2): 37-
42.

8. Parry CM, Hien TT, Dougan G, White NJ, Farrar JJ. Typhoid Fever. The New England Journal of
Medicine. 2002; 347(22): 1770-1782.

9. Parry CM, Wijedoru L, Arjyal A, Baker S. The utility of diagnostic tests for enteric fever in endemic
locations. Expert Rev Anti Infect Ther. 2011; 9(6): 711-725.

10. Dockrell DH, Sundar S, Angus BJ, Hobson RP. Infectious disease. In: Walker BR, Colledge NR,
Ralston SH and Penman ID. editors, Davidson’s Principles and Practice of Medicine, 2ond
Edinburgh Churchill Livingstone, New York. 2014; pp. 293-386.

11. Ataee RA, Tavana AM, Hosseini SMJ, Moridi KJ, Zadegan MG. A method for antibiotic
susceptibility testing: applicable and accurate. Jundishapur J Microbiol. 2012; 5(1): 341-345.

12. Forbes BA, Sahm DF, Weissfeld AS. Laboratory methods for detection of antibacterial resistance. In:
Bailey and Scott’s Diagnostic Microbiology, 11™ Mosby: Elsevier Science. 2002; pp. 229-250.

13. Jorgensen JH, Ferraro MJ. Antimicrobial susceptibility testing: general principles and contemporary
practices. Clinical Infectious Diseases. 1998; 26: 973-980.

14. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically; approved
standard — Ninth edition, CLSI document M07-A9, Wayne, PA: Clinical and Laboratory Standards
Institute, 2012.

15. Andrews JM. Determination of minimum inhibitory concentrations. Journal of Antimicrobial

Page 2560
www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS |Volume VIII Issue 11 February 2024

5, >
¢ RSIS ~

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chemotherapy. 2001; 48 (Suppl S1): 5-16.

Rowe B, Ward LR, Threlfall EJ. Multidrug-resistant Salmonella typhi: a worldwide epidemic.
Clinical Infectious Diseases. 1997; 24 (Suppl 1): S106-S109.

Wain J, Nga LTD, Kidgell C, James K, Fortune S, Diep TS, et al. Molecular analysis of IncHI1
antimicrobial resistance plasmids from Salmonella serovar Typhi strains associated with typhoid
fever. Antimicrobial Agents and Chemotherapy. 2003; 47(9): 2732-2739.

Makanjuola OB, Bakare RA, Fayemiwo SA. Quinolone and multidrug resistant Salmonella typhi in
Ibadan, Nigeria. International Journal of Tropical Medicine. 2012; 7(3): 103-107.

Zaki SA, Karande S. Multidrug-resistant typhoid fever: a review. J Infect Dev Ctries. 2011; 5(5): 324-
337.

Rahman M, Siddique AK, Shoma S, Rashid H, Salam MA, Ahmed QS, et al. Emergence of multidrug-
resistant Salmonella enterica serotype Typhi with decreased ciprofloxacin susceptibility in
Bangladesh. Epidemiol Infect. 2006; 134: 433-438.

Monica KHS, Devi KHK, Devi KHS, Banylla SN. Antibiogram of Salmonella Typhi isolated from
enteric fever cases in a tertiary health care centre in Imphal. International Journal of Pharmacology
and Therapeutics. 2014; 4(1): 15-18.

Kalra SP, Naithani N, Mehta SR, Swamy AJ. Current trends in the management of typhoid fever.
MJAFI. 2003; 59: 130-135.

Crump JA, Mintz ED. Global trends in typhoid and paratyphoid fever. Clinical Infectious Diseases.
2010; 50: 241-246.

Rahman AKMM, Ahmad M, Begum RS, Ghosh AK, Hossain MZ. Multidrug resistant typhoid fever
in children: a review. J Dhaka Med Coll. 2008; 17(2): 121-126.

Rahman M, Ahmad A, Shoma S. Decline in epidemic of multidrug resistant Salmonella Typhi is not
associated with increased incidence of antibiotic-susceptible strain in Bangladesh. Epidemiol Infect.
2002; 129: 29-34.

Capoor MR, Nair D. Quinolone and cephalosporin resistance in enteric fever. Journal of Global
Infectious Diseases. 2010; 2(3): 258-262.

Pegues DA, Miller SL. Salmonellosis. In: Longo DL, Kasper DL, Jameson JL, Fauci AS, Mauser SL
and Loscalzo J. editors, Harrison’s Principles of Internal Medicine, 18N The McGraw- Hill
companies, New York. 2012; pp.1274-1281.

Frenck RW, Mansour A, Nakhla I, Sultan Y, Putnam S, Wierzba T, et al. Short-course azithromycin
for the treatment of uncomplicated typhoid fever in children and adolescents. Clinical Infectious
Diseases. 2004; 38: 951-957.

Cheesbrough M. Culturing blood. In: District Laboratory Practice in Tropical Countries. Part 2. 2nd
New Delhi: Cambridge university press; pp. 124-130.

Collee JG, Marr W. Culture of bacteria. In: Collee JG, Fraser AG, Marmion BP and Simmons A.
editors, Mackie and McCartney Practical Medical Microbiology, 14th Edinburgh Churchill
Livingstone, New York. 1996; pp. 113-129.

Cheesbrough M. Biochemical tests to identify bacteria. In: District Laboratory Practice in Tropical
Countries. Part 2. 24 New Delhi: Cambridge university press; pp. 62-70.

Collee JG, Miles RS, Watt B. Tests for the identification of bacteria. In: Collee JG, Fraser AG,
Marmion BP and Simmons A. editors, Mackie and McCartney Practical Medical Microbiology, 14th
Edinburgh Churchill Livingstone, New York. 1996; pp. 131-149.

Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic susceptibility testing by a standardized
single disk method. The American Journal of Clinical Pathology. 1966; 45(4): 493-496.

Anwar S. Phenotypic detection of metallo-R-lactamase among the clinical isolates of Pseudomonas
species and Acinetobacter species. Department of Microbiology: BSMMU. M. Phil, Thesis; 2010.
CLSI. Performance standards for antimicrobial susceptibility testing, Twenty-fourth informational
supplement, CLSI Document M100 — S24, Wayne, PA: Clinical and Laboratory Standards Institute:
2014.

BSAC. British society for antimicrobial chemotherapy. Standing Committee on Susceptibility

Page 2561

www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS |Volume VIII Issue 11 February 2024

5, >
¢ RSIS ~

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57

Testing, version 14.0, 05-01-2015.

World Health Organization. Background document: The diagnosis, treatment and prevention of
typhoid fever, WHO, Geneva, Switzerland, 2003.

Sultana S. Comparison of different test methods including polymerase chain reaction for early and
reliable diagnosis of typhoid fever. Department of Microbiology: MMC. M. Phil, Thesis; 2012.

Khan S. Detection of flagellin gene (fliC-d) of Salmonella Typhi by PCR in blood from clinically
suspected typhoid fever patients. Department of Microbiology: BSMMU. M. Phil, Thesis; 2014.

Saha MR, Dutta P, Palit A, Dutta D, Bhattacharya MK, Mitra U, et al. A Note on incidence of typhoid
fever in diverse age groups in Kolkata, India. Jpn J Infect Dis. 2003; 56: 121-122.

Bhutta ZA, Mansurali N. Rapid serologic diagnosis of pediatric typhoid fever in an endemic area: a
prospective comparative evaluation of two dot-enzyme immunoassays and the Widal test. Am J Trop
Med Hyg.1999; 61(4): 654-657.

Gupta V, Singla N, Bansal N, Kaistha N, Chander J. Trends in the antibiotic resistance patterns of
enteric fever isolates — a three year report from a tertiary care centre. Malays J Med Sci. 2013; 20(4):
71-75.

Shadia K, Borhan SB, Hasin H, Rahman S, Sultana S, Barai L et al. Trends of antibiotic susceptibility
of Salmonella enterica serovar Typhi and Paratyphi in an urban hospital of Dhaka city over 6 years
period. Ibrahim Med Coll J. 2011; 5(2): 42-45.

Mohanty S, Renuka K, Sood S, Das BK, Kapil A. Antibiogram pattern and seasonality of Salmonella
serotypes in a North Indian tertiary care hospital. Epidemiol Infect. 2006; 134: 961-966.

Nagshetty K, Channappa ST, Gaddad SM. Antimicrobial susceptibility of Salmonella Typhi in India.
J Infect Dev Ctries. 2010; 4(2): 070 -073.

Kumar SM, Kumar GSV, Prashanth HV, Prakash R, Krishnamurthy V, Chandrashekar SC.
Antimicrobial susceptibility of enteric fever Salmonellae isolated from blood culture. RIPBCS. 2013;
4(3): 318-324.

Chand HJ, Rijal KR, Neupane B, Sharma VK, Jha B. Re-emergence of susceptibility to conventional
first line drugs in Salmonella isolates from enteric fever patients in Nepal. J Infect Dev Ctries. 2014;
8(11): 1483-1487.

Raveendran R, Dutta S, Wattal C. Drug resistance in Salmonella enterica serotype Typhi and
Paratyphi A. JIMSA. 2010; 23(1): 21-24.

Raza S, Tamrakar R, Bhatt CP, Joshi SK. Antimicrobial susceptibility patterns of Salmonella typhi
and Salmonella paratyphi A in a tertiary care hospital. INHRC. 2012; 10(22): 214-217.

Muthu G, Suresh A, Sumathy G, Srivani R. Studies on antimicrobial susceptibility pattern of
Salmonella isolates from Chennai, India. International Journal of Pharma and Bio Sciences. 2011;
2(2): 435-442.

Kawser S, Miah MRA, Saleh AA, Sabah KMN, Begum T. Determination of minimum inhibitory
concentration of azithromycin, ofloxacin and ceftriaxone in ciprofloxacin resistant Salmonella causing
enteric fever. Bangladesh J Med Microbiol. 2011; 05(01): 26-30.

Mushtag MA. What after ciprofloxacin and ceftriaxone in treatment of Salmonella Typhi. Pak J Med
Sci. 2006; 22(1): 51-54.

Pokharel BM, Koirala J, Dahal RK, Mishra SK, Khadga PK, Tuladhar NR. Multidrug-resistant and
extended-spectrum beta-lactamase (ESBL) — producing Salmonella enterica (serotypes Typhi and
Paratyphi A) from blood isolates in Nepal: surveillance of resistance and a search for newer
alternatives. International Journal of Infectious Diseases. 2006; 10(6): 434-438.

Capoor MR, Rawat D, Nair D, Hasan AS, Deb M, Aggarwal P et al. Journal of Medical
Microbiology. 2007; 56: 1490-1494.

Koharo HK, Memon IA. Drug resistance patterns of Salmonellae Enterica serotype Typhi and
Paratyphi at a tertiary care hospital of Sindh, Pakistan. JMED. 2014; 2014: 577980.

Chowdhury MAJ, Shumy F, Anam AM, Chowdhury MK. Current status of typhoid fever: a review.
Bangladesh Med J. 2014; 43(2): 106-111.

. Afzal A, Sarwar Y, Ali A, Magbool A, Salman M, Habeeb MA et al. Molecular evaluation of drug

Page 2562

www.rsisinternational.org


http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN SOCIAL SCIENCE (1JRISS)
ISSN No. 2454-6186 | DOI: 10.47772/1JRISS |Volume VIII Issue 11 February 2024

59.

60.

61.

62.

63.

64.

65.

66.

resistance in clinical isolates of Salmonella enterica serovar Typhi from Pakistan. J Infect Dev Ctries.
2013; 7(12): 929-940.

. Jain S, Chugh TD. Antimicrobial resistance among blood culture isolates of Salmonella enterica in

New Delhi. J Infect Dev Ctries. 2013; 7(11): 788-795. g

Kawser S. Determination of minimum inhibitory concentration of azithromycin, ofloxacin and
ceftriaxone in ciprofloxacin resistant Salmonella. Department of Microbiology: BSMMU. M. Phil,
Thesis; 2009.

Agrawal P, Tuladhar R, Dahal N. Nalidixic acid susceptibility test for screening Salmonella isolates
of reduced susceptibility/higher minimum inhibitory concentration to ciprofloxacin. Nepal J Sci Tech.
2014; 15(2): 97-104.

Islam MA, Mobarak MR, Hasan AR, Hanif M. Clinical efficacy of azithromycin in typhoid and
paratyphoid fever in children. J Enam Med Col. 2015; 5(1): 34-38.

Rai S, Jain S, Prasad KN, Ghoshal U, Dhole TN. Rationale of azithromycin prescribing practices for
enteric fever in India. Indian Journal of Medical Microbiology. 2012; 30(1): 30-33.

Islam MJ, Das KK, Sharmin N, Hasan MN, Azad AK. J Innov Dev Strategy. 2008; 2(2): 22-27.

Patel KK, Majumdar D, Patel S, Sujatha R, Singh DN. Emerging ciprofloxacin and multidrug
resistant Salmonella species isolated from patients with enteric fever in Chhattisgarh. Journal of
Evolution of Medical and Dental Sciences. 2013; 2(10): 1638-1642.

Frenck RW, Nakhla I, Sultan Y, Bassily SB, Girgis YF, David J et al. Azithromycin versus
ceftriaxone for the treatment of uncomplicated typhoid fever in children. Clinical Infectious Diseases.
2000; 31: 1134-1138.

Parry CM, Thieu NTV, Dolecek C, Karkey A, Gupta R, Turner P et al. Clinically and
microbiologically derived azithromycin susceptibility breakpoints for Salmonella enterica serovars
Typhi and Paratyphi A. Antimicrobial agents and chemotherapy. 2015; 59(5): 2756-2764.

Page 2563

www.rsisinternational.org


http://www.rsisinternational.org/

	Farha Rahman*1, Sanya Tahmina Jhora2, Shikha Paul3, Dipika Sarkar4, Israt Sadia5 1Assistant Professor (C.C) of Microbiology, Bangladesh Medical College, Dhaka 2Professor and Head of Microbiology, Green Life Medical College, Dhaka
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Isolation and identification of organisms:
	Antimicrobial susceptibility test:
	Quality Control:

	RESULTS
	DISCUSSION
	CONCLUSION
	REFERENCES

