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Abstract
Introduction: Recently, Salmonella Typhi resistance to many of the commonly used antibiotics like chloramphenicol,
amoxicillin and cotrimoxazole, has posed a challenge to treat enteric fever. Minimum inhibitory concentration (MIC) of
ciprofloxacin is increasing which is responsible for both treatment failure and causing serious complications. Resistance to
nalidixic acid can be used as an indirect indicator to detect increased ciprofloxacin MIC. Hence, study was conducted to know the
antibiotic sensitivity pattern of Salmonella enterica serovar Typhi with special reference to nalidixic acid resistance.
Materials and Methods: A retrospective study of S. Typhi isolates was conducted. 106 blood samples from patients of all age
group who were clinically suspected of enteric fever were included. Blood culture was done and S. Typhi isolates were identified
and tested for susceptibility to ampicillin, chloramphenicol, cotrimoxazole, ciprofloxacin, ceftriaxone and nalidixic acid by disc
diffusion method.
Result: 22(20.8%) S. Typhi isolates were isolated from 106 blood samples. Chloramphenicol showed 100% sensitivity.
Susceptibility to ampicillin (81.8%), cotrimoxazole (81.8%) and ceftriaxone (90.9%) was high and to ciprofloxacin (72.7%) and
nalidixic acid (45.5%) was low.
Conclusion: Ampicillin, chloramphenicol, cotrimoxazole and ceftriaxone showed maximum sensitivity and hence can be used
for effective treatment. Nalidixic acid resistance was very high and all these resistant isolates showed decreased sensitivity to
ciprofloxacin. Hence nalidixic acid sensitivity can be used for the detection of decreased susceptibility to ciprofloxacin.
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Introduction
Enteric fever, caused by Salmonella spp., is an
acute and generalized infection.1 It is a common health
problem worldwide and is endemic in developing
countries like India. Mortality rate (30%) is high if not
treated appropriately.2 Years ago, ampicillin,
cotrimoxazole and chloramphenicol were the drug of
choice for treatment.3 Unfortunately, resistance to these
antibiotics has emerged. Resistance to three or more
different groups of antibiotics simultaneously is known
as multidrug resistant (MDR) Salmonella.2 Because of
the increased percentage of MDR strains, ciprofloxacin
and third generation cephalosporins (ceftriaxone) are in
increase use. In 1990s, fluoroquinolone use was
implemented which is a broad-spectrum antimicrobial
agent which targets DNA gyrase.4 Recently, the number
of strains of Salmonella spp. with decreased
ciprofloxacin susceptibility has increased.5 Mechanism
of action of resistance is mutation within the DNA
gyrase with decreased outer membrane proteins
expression and over expression of efflux pump.6
Treatment failure with ciprofloxacin has increased due
to reduced susceptibility, especially with short course or
low dose regimens. In such cases, either third
generation
cephalosporins
(ceftriaxone)
or
chloramphenicol will be helpful. These isolates with
reduced susceptibility appear susceptible with disc
diffusion tests which are performed routinely.7,8 The
increased emergence of MDR Salmonella spp. resulted

in a need to develop newer antibiotics and also to find
the mechanism by which they acquire resistance to
available drugs.9 Nalidixic acid was considered to be
the first synthetic quinolone antibiotics. Structure of it
is similar to the newer generation quinolones.
Mechanism of action of development of resistance is
due to single point mutation in the quinolone resistancedetermining region (QRDR) of the gene gyrA. It also
leads to decreased in vivo ciprofloxacin susceptibility.10
Number of studies have shown that resistance to
nalidixic acid can be used to detect decreased
sensitivity to ciprofloxacin.11,12 Strains showing
decreased susceptibility to ciprofloxacin is responsible
for treatment failure which is increasing in India and
other countries.13,14 Such strains require higher
concentrations of ciprofloxacin for inhibition.15 Hence,
this study was conducted to know the antibiotic
sensitivity pattern of Salmonella enterica serovar Typhi
with special reference to nalidixic acid.
Materials and Methods
A retrospective analysis of blood culture results
from clinically suspected cases of enteric fever was
performed. The details of patients, isolated organism
and the antimicrobial susceptibility patterns were
collected from the registration records. The data was
then analyzed by entering into Excel.
All blood samples from clinically suspected cases
of enteric fever were sent for microbiological analysis.

Indian Journal of Microbiology Research, April-June, 2018;5(2):249-251

249

Swarooparani N.B. et al.

Antibiotic sensitivity pattern of Salmonella enterica serovar Typhi with special…

Blood samples were collected in brain heart infusion
(BHI) broth and incubated at 37°C overnight.
Subcultures were done on MacConkey agar and blood
agar at days 1, 2 and 5 of incubation to check for
growth. Non lactose fermenting colonies grown were
identified as Salmonella Typhi by standard biochemical
reactions.16
Antimicrobial susceptibility tests were done on
Mueller-Hinton agar (MHA) using Kirby-Bauer disk
diffusion method.17 The antibiotics tested included:
Ampicillin
(10μg),
chloramphenicol
(30μg),
cotrimoxazole (1.25μg /23.75μg), ciprofloxacin (5μg),
ceftriaxone (30μg) and nalidixic acid (30μg).

Resistance data were interpreted according to Clinical
Laboratory Standards Institute.17
Results
Of 106 blood samples cultured, S. Typhi were
isolated in 22(20.8%) samples. Susceptible to first line
drugs like ampicillin 18(81.8%), chloramphenicol
22(100%), cotrimoxazole 18(81.8%) and also to
ceftriaxone 20(90.9%) was high. But sensitivity to
ciprofloxacin and nalidixic acid was very less. Only
10(45.5%) isolates in case of nalidixic acid and
16(72.7%) in ciprofloxacin were sensitive. All nalidixic
acid resistant isolates were resistant to ciprofloxacin.

Table 1: Antibiotic sensitivity pattern of S. Typhi
Organism AMP
C
COT
CTR
CIP
NA
S. typhi
18
22
18
20
16
10
n=22
(81.8) (100) (81.8) (90.9)
(72.7) (45.5)
AMP – Ampicillin, C – Chloramphenicol, COT – Cotrimoxazole, CTR – Ceftriaxone, CIP – Ciprofloxacin, NA Nalidixic acid
study done by Lovely Akter et al.23 Our study also
showed high sensitivity to ceftriaxone (90.9%) which
still remains the drug of choice. Similar highest
sensitivity to ceftriaxone was seen in study done by B.
A. Rahman et al.24 Ciprofloxacin (72.7%) and nalidixic
acid (45.5%) sensitivity was very less, also the nalidixic
acid-resistant isolates showed decreased susceptibility
to ciprofloxacin. One of the studies done by Hakanen et
al.25 showed the sensitivity and specificity of nalidixic
acid susceptibility testing is good for screening of
isolates with decreased ciprofloxacin susceptibility.
Nalidixic acid resistance detection by disk diffusion
Fig. 1: Antibiotic sensitivity pattern of S. Typhi
method has led to the identification of all isolates for
which the MICs of ciprofloxacin were ≥ 0.125 mg/ml.
Hence, it is interpreted that disc diffusion test to detect
Discussion
resistance to nalidixic acid, for fluoroquinolones, is
Enteric fever is a common problem in India.
reliable as it correlates well with the MIC values.26
Several factors like poor sanitation and lack of better
18
health care facilities contribute to it. Laboratory
diagnosis can be done by isolation of organism by
Conclusion
culture, serological detection of antigen and antibody.
The first-line antibiotics like ampicillin,
But definitive diagnosis requires the isolation of
chloramphenicol, cotrimoxozole and ceftriaxone can be
Salmonella spp. from clinical samples.19
used for the appropriate management of enteric fever.
In our study, 22(20.8%) S. Typhi was isolated. This
Resistance to quinolones is increasing and is of concern
prevalence is similar to study done by Bulbul Hasan et
especially with respect to increase in its MIC levels.
al.20 Multi-drug resistant (MDR) Salmonella typhi
Nalidixic acid resistance can be used as a marker for
showing resistance to ampicillin, chloramphenicol and
predicting decreased sensitivity to ciprofloxacin. So any
co-trimoxazole is common and is often plasmid
isolate showing resistance to nalidixic acid should be
mediated.21 But with increased use of fluroquinolones
reported as intermediately susceptible to ciprofloxacin.
and cephalosporins, it is declining.22 These MDR
strains increases morbidity and mortality. Data in our
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