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Abstract

Background: Enteric fever caused by the human-adapted pathogens Salmonella enterica serovars Typhi (S. Typhi)
and Paratyphi A (S. Paratyphi A), B, and C remains a major health problem in Bangladesh. Knowledge of the
diagnostic value of different test and antibiotic susceptibility is crucial in determining which drug to use.
Objectives: To assess the antibiotic resistance against Salmonella enterica serovars Typhi and Paratyphi A , B, and
C.

Methodology: A cross-sectional study was done to observe the culture and sensitivity of 293 blood samples among
all clinically suspected enteric fever patients attended outpatient department of medicine and in the department of
Microbiology for blood culture and antibiotic susceptibility patterns in Dhaka Medical College Hospital, between
July, 2016 to June, 2017.

Result: Among 48 isolated organisms, 25 (52.08%) were S. Typhi, 4 (8.33%) were S. Paratyphi A and 19 (39.58%)
were other organisms. Regarding antibiotic susceptibility pattern, 65.52% were sensitive to ampicillin, 68.97% to
chloramphenicol, 79.31% to sulphamethoxazole/trimethoprim, 82.76% to ciprofloxacin, 75.86% to levofloxacin,
86.21% to ceftazidime, 72.41% to azithromycin, 82.76% to amoxycillin/clavulanic acid and 89.66% to
piperacillin/tazobactam. All of the Salmonella were sensitive to cefixime, ceftriaxone, cefepime, imipenem and
resistant to nalidixic acid.

Conclusion: Salmonella enterica serovars were relatively highly resistant to nalidixic acid, ampicillin,
chloramphenicol, sulphamethoxazole/trimethoprim, ciprofloxacin, levofloxacin, ceftazidime, azithromycin,
amoxycillin/clavulanic acid and highly sensitive to piperacillin/tazobactam, cefixime, ceftriaxone, cefepime,
imipenem.

[Shaheed Syed Nazrul Islam Med Col J 2021, Jul; 6 (2):141-150]
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Introduction

Enteric fever is a systemic disease
characterized by fever and abdominal pain
and caused by dissemination of Salmonella
enterica serovers Typhi (S. Typhi) and
Salmonella enterica serovers Paratyphi (S.
Paratyphi A, B and C). The disease was
initially called typhoid fever because of its
clinical similarity to typhus." During 2000 S.

Typhi caused 2,16,50,974 illness and
2,16,510 deaths and S. Paratyphi caused
54,12,744 illness.” Typhoid and paratyphoid
fever were included in the Global Burden of
Disease 2010 (GBD 2010) project, when they
were together estimated to account for 12.2
million disability-adjusted life years and
190,200 deaths.>* More than 90% of typhoid
fever cases are estimated to occur in Asia.’
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The infection is transmitted by ingestion of
food or water contaminated with faeces.” As
Bangladesh is a overcrowded densely
populated developing country and its sanitary
conditions remain poor, it is also a major
health problem in this country. Reliable data
from which to estimate the burden of disease
in these areas are difficult to obtain, since
many hospitals lack facilities for blood
culture and up to 90 percent of patients with
typhoid are treated as outpatients.” The
challenges of reliably diagnosing typhoid
fever have led to varying estimates of the
disease burden and epidemiology in Asia.’
The definitive diagnosis of typhoid fever
depends on the isolation of Salmonella from
blood, bone marrow or a specific anatomical
lesion. The presence of clinical symptoms
characteristic of typhoid fever or the detection
of a specific antibody response is suggestive
of typhoid fever but not definitive. Blood
culture is the mainstay of the diagnosis of this
disease.’ To treat these infections,
fluoroquinolones (FQ) and third- generation
cephalosporins have been considered as first-
line drugs, owing to the resistance to
ampicillin, chloramphenicol, and
trimethoprim/sulfamethoxazole that appeared
during the 1980s.*° Nalidixic acid resistant
Salmonella Typhi with decreased
susceptibility to ciprofloxacin is now endemic
in India and neighboring countries.'®"
Failure to treat an infection properly leads to
prolong illness, thus increasing the chance of
developing a carrier state in which persons are
contagious and able to spread the resistant
strain to others.'™'> We conducted blood
culture surveillance in Dhaka Medical
College and Hospital to estimate the
incidence and determine the antimicrobial
susceptibility patterns of S. Typhi and S.
Paratyphi.

Methods
This Cross sectional study was carried out in
the department of Microbiology, Dhaka

Medical College (DMC) from 1% July, 2016
to 30" June, 2017. Blood samples were
collected from 293 clinically suspected
enteric fever patients attended outpatient
department of medicine and in the department
of Microbiology for blood culture and
antibiotic susceptibility patterns in Dhaka
Medical College Hospital. Patients or legal
guardians of the patients who did not give
consent and Patients who took antibiotics
were excluded from the study. Data regarding
age, sex, and occupation were collected by
using predesigned data collection sheet. The
protocol was approved by the Research
Review Committee (RRC) of Microbiology
department of DMC followed by Ethical
Review Committee (ERC) of Dhaka Medical
College. Informed written consent was
obtained from each patient before sample
collection and professional secrecy was
maintained about the diagnosis.

Blood samples were collected in a sterile
rounded blood culture bottle of 100 ml
capacity, fitted with a rubber cap, containing
Trypticase soya broth (TSB) with sodium
polyanethole sulphonate (SPS). The optimum
ratio of the volume of blood to traditional
culture broth was 1:10. For patient group,
school children and adults, 7 ml venous blood
were collected (5 ml for blood culture and 2
ml for Widal test) and for patient group,
toddlers and preschool childrens 4 ml (2 ml
for blood culture and 2 ml for Widal test)
were collected by a single venepuncture by a
sterile disposable syringe.® The bottles
containing blood were sent to laboratory
promptly and incubated at 37°C in aerobic
condition. After introducing of blood in blood
culture bottle for culture, the remaining blood
was collected in a sterile test tube for
separation of serum for Widal test.

In the Laboratory, blood culture bottles were
incubated at 37°C in aerobic condition. The
bottles were examined by naked eye for
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growth once on 1%, 2", 3 and 7" day and
checked for turbidity, gas formation, and
other evidence of growth.>'*'* For day-1,
day-2 and day-3, only bottles showing sign of
positive growth were subcultured on blood
agar media and MacConkey agar media
plates. On day-7 all bottles were subcultured
on blood agar media and MacConkey agar
media plates before being discarded as
negative.’ In case of positive growth the
smear was prepared with gram stain. If gram
negative bacilli were detected, biochemical
identification was done using Triple sugar
iron agar media, Simmons’ citrate agar media,
motility-indole-urease agar media and oxidase
test reagent and final identification was done
by using Salmonella specific antisera.®"
Liquid stable antisera for the determination of
O, H and Vi antigens for the serological
identification of S. Typhi, S. Paratyphi A and
S. Paratyphi B (Mast™ Diagnostic, UK) were
used.

The Widal test was performed by slide
agglutination test against O and H antigen. It
was considered positive when a titre agaist O
antigen is equal or more than 1:160."%'7-'8 All

the strains of Salmonella isolates were tested
for antimicrobial susceptibility by Kirby-
Bauer modified disc-diffusion technique."
and the zone of inhibition was interpreted
according to CLSI 2015.2° Antibiotic discs
were obtained from commercial source
(Oxoid Itd, UK). Antimicrobial agents
ampicillin (10 pg), chloramphenicol(30ug),
sulphamethoxazole/ trimethoprim ((25png),
nalidixic acid (30 pg), ciprofloxacin (5 pg),
levofloxacin (5 pg), ceftazidime (30 pg),
cefixime (5 pg), ceftriaxone (30 pg),
cefepime (30 pg), azithromycin (15 pg),
amoxycillin / clavulanic Acid (30 pg),
piperacillin / tazobactam (110pg), imipenem
(10 pg) were used for antibiotic susceptibility
test. Escherichia coli ATCC 25922 was used
as control strain to assess the performance of
the method."

Result

Among 293 patients 89 (30.38%) were in the
age group of 15 to 25 years, followed by 74
(25.26%) were in 25 to 35 years, 65 (22.18%)
were in 35 to 40 years and the mean age of
study population was 29.18 £ 5.

Table I: Distribution of study population according to age (N=293)

Age group (years) Frequency Percentage
5-15 35 11.95
15-25 89 30.38
25-35 74 25.26
35-45 65 22.18
45-55 20 6.82
55-65 10 3.41
Total 293 100.00
Note: Mean+=SD=29.18+5
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Table II: Distribution of study population according to blood culture (N=293)

Blood culture Frequency Percentage
Positive 48 16.38
Negative 245 83.62
Total 293 100.00

Among 48 isolated organisms, 25 (52.08%) were S. Typhi, 4 (8.33%) were S. Paratyphi A and
19(39.58%) were other organisms.

Table III: Organisms isolated from blood culture positive cases (N=48)

Organisms Number Percentage
S. Typhi 25 52.08

S. Paratyphi A 4 8.33
Other organisms 19 39.58
Total 48 100.00

Among 293 enteric fever patients, 86 (29.35%) had significant titre against S. Typhi, 25 (8.53%)
had significant titre against S. Paratyphi A for O antigen and 13 (4.44%) had significant titre
against S. Typhi, 3 (1.02%) had significant titre against S. Paratyphi A for both O and H antigen.

Table IV: Distribution of semi quantitative slide agglutination titration of Widal test of enteric
fever patients (N=293)

O antigen O and H antigen
Organisms Significant Non  significant  or Significant Total
Titre>1:160 Titre<1:160 Titre>1:160 n (%)
n (%) n (%) n (%)
S. Typhi 86 (29.35) 194 (66.21) 13 (4.44) 293(100.00)
S. Paratyphi A 25 (8.53) 265 (90.45) 3(1.02) 293(100.00)
S. Paratyphi B 0(0.0) 293 (100.0) 0(0.0) 293(100.00)
S. Paratyphi C 0 (0.0) 293 (100.0) 0 (0.0) 293(100.00)

Among 29 blood culture positive patients, 18 (62.07%) had significant titre and among 264
blood culture negative patients, 109 (41.29%) had significant titre in Widal test. The sensitivity,
specificity, positive predictive value, negative predictive value and accuracy of Widal test were
62.07%, 58.71%, 14.17%, 93.37%, 59.04%, respectively.

Table V: Comparison of Widal titre with blood culture

Widal titre Blood culture Total P value
— . n (%)
Positive Negative
n (%) n (%)
Significant titre 18 (62.07) 109 (41.29) 127 (43.34)
Non significant titre 11 (37.93) 155 (58.71) 166 (56.66) P<0.05
Total 29 (100.00) 264 (100.00) 293 (100.00)
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Table VI: Validity parameters of Widal test

Parameters Value 95% Confidence Interval
Sensitivity 62.07% 56.50 to 67.64
Specificity 58.71% 53.07 to 64.35
Positive predictive value 14.17% 10.17to 18.17
Negative predictive value 93.37% 90.52 t0 96.22
Accuracy 59.04% 56.17t0 61.91

Regarding antibiotic susceptibility pattern, 65.52% were sensitive to ampicillin, 68.97% to
chloramphenicol, 79.31% to sulphamethoxazole/trimethoprim, 82.76% to ciprofloxacin, 75.86%
to levofloxacin, 86.21% to ceftazidime, 72.41% to azithromycin, 82.76% to
amoxycillin/clavulanic acid and 89.66% were sensitive to piperacillin/tazobactam. All of the
Salmonella were sensitive to cefixime, ceftriaxone, cefepime, imipenem, and 100% were

resistant to

nalidixic acid.

Table VII: Antibiotic susceptibility pattern of Sa/monella isolated from enteric fever patients (N

=29)
Antimicrobial agents Total
N=29
S R
n (%) n (%)
Ampicillin 19 (65.52) 10 (34.48)
Chloramphenicol 20 (68.97) 9 (31.03)
Sulphamethoxazole/Trimethoprim 23 (79.31) 6 (20.69)
Nalidixic Acid 0 (0.00) 29 (100.0)
Ciprofloxacin 24 (82.76) 5(17.24)
Levofloxacin 22 (75.86) 7(24.14)
Ceftazidime 25 (86.21) 4(13.79)
Cefixime 29 (100.0) 0 (0.00)
Ceftriaxone 29 (100.0) 0(0.00)
Cefepime 29 (100.0) 0(0.00)
Azithromycin 21 (72.41) 8 (27.59)
Amoxycillin /Clavulanic Acid 24 (82.76) 5(17.24)
Piperacillin /Tazobactam 26 (89.66) 3(10.34)
Imipenem 29 (100.0) 0(0.00)
Discussion adult groups are most commonly affected by

In this study, there were total 293 enteric
fever patients. Among them, 30.38% were in
the age group of 15 to 25 years, followed by
25.26% were in 25 to 35 years, 22.18% were
in 35 to 45 years, 11.95% were in 5 to 15
years, 6.82% were in 45 to 55 years and
3.41% were in the 55 to 65 years age group.
The mean age of study population was 29.18
(£5). Jahan (2015) reported that mean age
29.75 (£16.59) and mentioned that the young

enteric fever, which justifies the present
study.?!

In the present study, among 293 enteric fever
cases, total 48 (16.38%) were culture positive
cases and 29 (9.90%) were positive for
Salmonella spp. which was confirmed by
biochemical test and specific antisera and 19
(6.48%) were other organisms. Among 29
culture positive Salmonella spp. 25 (86.21%)
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were S. Typhi and 4 (13.79%) were S.
Paratyphi A. The isolation rate of Salmonella
spp. by Suman er al. (2015) was 9.29%.*
Akter et al. (2016) reported that 9.60% were
culture positive for Salmonella spp., among
which 77.68% were S. Typhi and 22.32%
were S. Paratyphi A.” Saha (2017) reported
that S. Typhi and S. Paratyphi ratio was 4:1.%*
The findings of these studies were consistent
with the present study. Jahan (2015) reported
that 55.5% were culture positive for
Salmonella spp.*' In the study of Jahan (2015)
Salmonella spp. were not confirmed by
specific antisera, but in the present study
Salmonella spp. were confirmed by specific
antisera, that might be the reason of higher
isolation rate in the study Jahan (2015).

The distribution of Widal test titre and blood
culture results, among the study population
were recorded in this study. Widal test titre
against ‘O’ antigen (>1:160) was indicated
active infection.'™'” Among 293 enteric fever
patients,127  (43.34%) had Widal test
significant titre. Begum et al. (2013) reported
that 41% patients had Widal test significant
titre.”® The findings of this study were
consistent with the present study.

Out of 293 study subjects 99 (33.79%) had
Widal test significant titre for S. Typhi and 28
(9.56%) had Widal test significant titre for S.
Paratyphi A. Munir et al. (2015) reported that
25.70% and Andualem et al. (2014) reported
that 32.6% had Widal test significant titre for
S. Typhi.***”  Chowdhury er al. (2015)
reported that 12% were Positive for S.
Paratyphi A."” The findings of this study were
consistent with the present study. No
significant elevation of BO or CO titre was
found in this study. Chowdhury et al. (2015)
from Bangladesh reported that no significant
elevation of BO was found in their study.'”

The relationship between blood culture results
and Widal test titre was recorded. Among 29
(9.90%, out of 293 suspected patients) culture

Original Contribution

positive Salmonella cases, 18 (62.07%) had
Widal test significant titre and 11 (37.93%)
had Widal test non significant titre. Anagha et
al. (2012) reported that among blood culture
positive cases, 63.16% had Widal test
significant titre.”® Garg (2017) reported that
among blood culture positive cases 54.55%
had Widal test significant titre.”” The findings
of these studies were consistent with the
present study. Yadav et al. (2015) reported
that among culture positive cases 45% had
Widal test significant titre.”® The lower rate of
significant titre of Widal test in the study of
Yadav et al. (2015) might be due to the fact of
age group. In this study the age group was 5
to 65 years but in the study of Yadav et al.
(2015) the age group was 6 months to 12
years. Choo et al. (1993) mentioned that
falsely elevated Widal test titres appear to be
more common in adults than children.’' In
this study, the false positive result of Widal
test was 109 (41.29). False positive results of
Widal test could be due to high prevalence of
Salmonella antibodies in the local healthy
population. In a country with poor sanitation
exposure to Salmonella occurs repeatedly by
contaminated food and water resulting in
detectable titre by Widal test in the serum of
even healthy persons. Individual host immune
responses do play a role and may get
stimulated in febrile conditions caused by
other infectious agents. This memory
response can cause false positive results of
Widal test in previously sensitized persons.*?
Chowdhury et al. (2015) reported that the rate
of incidence of false negative results for
Widal test among the bacteriological proven
cases was very high, 43.3%."” Present study
also revealed that some patients of enteric
fever with positive blood culture had no
significant elevation of titres of O or H
antibodies (37.93%). Although these patients
might have antibodies at a lower titre, they
might be had a negative Widal test titre
throughout the course of their illness. This
lack of antibody response among patients
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with blood culture-positive enteric fever
might be attributed to undefined host or
bacterial factors or prior antibiotic treatment
or late appearance of antibody titre.'” In the
study Jahan (2015), it was 40.5% and in the
study Parvin (2012), it was 31.03%.>'** The
findings of these studies were consistent with
the present study.

The sensitivity, specificity, positive predictive
value, negative predictive value and accuracy
of Widal test were 62.07%, 58.71%, 14.17%,
93.37%, 59.04% respectively. Andualem et
al. (2014) mentioned that a negative result of
Widal test would have a good predictive value
of the disease (NPV=94.59%) but positive
result would have a very low predictive value
(PPV=12.32%) for enteric fever and low
sensitivity for Widal test may be related to the
data collection time. >’ In the current study
Widal test was performed just at attended at
the OPD or attended in the microbiology
department in the hospital.

In the present study, antibiogram was done
with commonly used antibiotics as well as
third and fourth generation cephalosporin.
Regarding antibiotic susceptibility pattern, out
of 29 Salmonella confirmed cases, 65.52%
strains were sensitive to ampicillin. Ali and
Sultana (2016) reported that 62.5% were
sensitive to ampicillin which is consistent
with the present study.** In contrast to this
study, Chiou ef al. (2014) reported that
31.6%.*° In this study, Chloramphenicol was
sensitive to 68.97% cases. Jahan (2015)
reported that 73.8% were sensitive to
chloramphenicol.?' In contrast to this study
Hasan et al. (2011) reported that 37.50%.
Sulphamethoxazole/trimethoprim was
sensitive to 79.31% cases. Nahar et al. (2016)
reported that 83.75% and Jahan (2015)
reported that 73.80% were sensitive to
sulphamethoxazole/trimethoprim. ' The
findings of these studies are consistent with
the present study. In contrast to this study

Original Contribution

Garg et al. (2013) from India reported that
97.6% were sensitive to
sulphamethoxazole/trimethoprim.”’ In  this
study the sensitivity to ciprofloxacin and
levofloxacin  was 82.76% and 75.86%
respectively and all (100%) were nalidixic
acid resistant Salmonella. Hasan et al. (2011)
reported that 81.25% were sensitive to
ciprofloxacillin.’® In contrast to this study
Nabhar et al. (2016) reported that 95.07% and
Ali and Sultana, (2016) reported that 98.6%
were sensitive to ciprofloxacillin.'®** Sharma
et al. (2017) reported that 82.53% were
sensitive to levofloxacin which is consistent
with the present study.’” Hasan et al. (2011)
reported that 100% were resistant to nalidixic
acid.*® These findings are consistent with the
present study. In contrast to this study, Nahar
et al., (2016) reported that 12.32% were
sensitive to nalidixic acid."

Of the third generation cephalosporin and
fourth generation cephalosporin,
susceptibility =~ pattern  of  ceftazidime,
Cefixime, ceftriaxone and cefepime was done.
In this study, among 29 Salmonella spp.,
86.21% were sensitive to ceftazidime and
100% were sensitive to Cefixime, ceftriaxone
and cefepime. Similar to this study, Nahar et
al. (2016) reported that 86.20% Salmonella
were sensitive to ceftazidime and 100% were
sensitive to ceftriaxone,10 Ali and sultana
(2016) reported that 99.4% Salmonella were
sensitive to cefixime,”* Hawaldar ef al.
(2016) reported that 98.73% and 78.12%
were sensitive to ceftriaxone and cefepime
respectively.’®

Among 29 Salmonella spp., 72.41% were
sensitive to azithromycin. Nahar et al. (2016)
reported that 71.42% Salmonella were
sensitive to azithromycin which is consistent
with this study.'® In contrast to this study,
Jahan  (2015) reported that 88.10%
Salmonella were sensitive to azithromycin. *'
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Among 29 Salmonella spp., 82.76% were
sensitive to amoxycillin/clavulanic acid.
Nabhar et al. (2016) reported that 90.47% and
Jahan  (2015) reported that 92.81%
Salmonella were sensitive to
amoxicillin/clavulanic acid.'®*' In contrast to
this study, Narain and Gupta (2015) reported
that 98.50% Salmonella were sensitive to
amoxycillin/clavulanic acid. *

Among 29 Salmonella 89.66% were sensitive
to piperacillin/tazobactam. Hawaldar et al.
(2016) reported that 93.75% Salmonella were
sensitive to piperacillin/tazobactam which is
consistent with this study.”®

Among 29 Salmonella spp., 100% were
sensitive to imipenem. Chiou et al. (2014)
reported that 100% Salmonella were sensitive
to imipenam.>> These are consistent with the
present study.

Conclusion

In this study Salmonella Typhi and
Salmonella Paratyphi A were identified and S.
Typhi was predominant among the enteric
fever patients in DMCH. The blood culture is
the gold standard test for enteric fever
diagnosis. The Widal test is an easy,
inexpensive, and relatively noninvasive test
that can be of diagnostic value in situations
where blood cultures are not available or
feasible. But the results must be interpreted
cautiously, as negative results do not exclude
typhoid fever and positive results do not
always go in favor. This study provided much
needed information and alarms us to the
increasing prevalence of multi-antibiotic
resistant Salmonella Typhi and Salmonella
Paratyphi causing blood stream infections in
Bangladesh. Specific antibiotic utilization
strategies  like  antibiotic  restriction,
combination therapy and antibiotic recycling
may help to decrease or prevent the
emergence of resistance.
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