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ABSTRACT

Background: Enteric fever or Typhoid fever is caused mostly
by Salmonella enterica serovar Typhi and Salmonella enterica
serovar Paratyphi is an important public health challenge for
India, especially with the spread of antimicrobial resistance.
The situation is further complicated by increased incidence in
some parts of the country of S. Paratyphi A as a cause of
enteric fever. This serovar is not prevented by currently
available typhoid vaccines and represents an increasing threat
to human health.

Purpose: The present study was undertaken to analyse the
trend in prevalence of culture-positive typhoid fever during the
last three years and to determine antimicrobial susceptibility
profile  of Salmonella Typhi  and Salmonella Paratyphi A
isolated from patients of enteric fever in this part of the country.
Material: This retrospective study incorporates a three years,
(January 2015-December2018) laboratory data comprising
52isolates of Salmonella. Cultures were identified by standard
methods. Antimicrobial susceptibility was done against
chloramphenicol, amoxicillin, co-trimoxazole, ciprofloxacin,
ceftriaxone, cefixime and azithromycin as per corresponding
CLSI guidelines for each year.

Results: Salmonella enterica serotype Typhi (S. Typhi) was
the more frequent serotype isolated i.e., 73% with the
remaining 27% being Salmonella enterica serotype Paratyphi A
(S. Paratyphi A). There was emergence of S. Paratyphi A
serotype in  2017-18.  Antimicrobial  susceptibility ~ for
chloramphenicol, amoxicillin and co-trimoxazole, ciprofloxacin

INTRODUCTION

Enteric fever is a major public health problem causing an
estimated 11.9 to 26.9 million cases and 129 000 to 217 000
deaths worldwide each year The Indian subcontinent bears the
brunt of the disease, both in terms of absolute case numbers and
drug resistant strains.! It is caused mostly by Salmonella
enterica serovar Typhi and Salmonella enterica serovar Paratyphi
with S. Typhi predominating. Around 5 million cases occur
annually in India.23 There has been an upsurge in the occurrence
of enteric fever due to Salmonella Paratyphi A and variation in the
antimicrobial susceptibility pattern from various parts of India.?%
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and ceftriaxone was found to be 97.2%, 88.5%, 90.5%, 66.8%,
99.4% for S. Typhi and 100%, 90.1% and 92.8%, 71.5%, 100%
for S. Paratyphi A.

Conclusion: The present study confers Salmonella Paratyphi
A as the rapidly emerging pathogen of enteric fever. The
antibiogram of Salmonella Typhi and Salmonella Paratyphi A
showed decreased susceptibility to fluoroquinolones and a
notable decrease in the multi drug resistant strains of
Salmonella isolates with re-emergence of susceptibility to first
line antibiotics.
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since 1996, the frequency of isolation of Salmonella paratyphi has
been increased in comparison with Salmonella typhiin Indian
scenario.* High degree of clinical suspicion leading to the
evaluation of even a low grade fever, vaccination to Salmonella
Typhi and the possible presence of carrier state, especially in food
handlers could be the important contributing factors for the
upsurge of paratyphoid fever.2

Since 1948, chloramphenicol usage decreased case fatality from
20% in pre antibiotic era to 1%.! Resistance was first reported
from Britain (1950) and India (Kerala) since 1972.5
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Multi-drug resistant (MDR) EF (enteric fever) subsequently
emerged with epidemic of MDR S. Typhi in 1972 in Mexico and
these strains are prevalent in India since 1989.Quinolones
emerged as drug of choice. By the year 2000, clinical failure to
ciprofloxacin  was reported due to the nalidixic acid
resistant S. Typhi (NARST) phenotypes causing enteric fever.36
Since these strains were reported as ciprofloxacin susceptible by
the laboratories as per the CLSI guidelines available that time,
ciprofloxacin continued to be the first line of treatment. The
culture-positive cases increased again during that time. When
ciprofloxacin clinical failure and reports of NARST phenotypes
causing enteric fever increased, cephalosporins (ceftriaxone in
this case) became the choice of antibiotic to treat enteric fever.
There were reports of gradual increase of mean MIC of the
cephalosporins in the S. Typhi isolates from different parts of the
world which later became obvious with clinical failures with
ceftriaxone. A major problem in the last 2 decades of the
20" century has been the emergence of plasmid-encoded MDR,
especially to the quinolones.>% Gravity of problem is escalating in
India. Changing resistance pattern, emergence of MDR and
nalidixic acid resistant Salmonella typhi (NARST) and switching
serotype spectrum.57

The present study was carried out to study the rate of isolation
and the antimicrobial susceptibility pattern of Salmonella Paratyphi
A in comparison to Salmonella Typhi from cases of enteric fever in
our region.

METHODS

A retrospective study was conducted from january2015 to
December 2018 on blood samples received from suspected cases
of enteric fever, septicaemia and PUO (pyerixia of unknown origin)
in the Department of Microbiology, DRPGMC & Hospital, Kangra
at Tanda.

Sample Processing

Clinical samples of blood were collected in brain heart infusion
broth under sterile precautions and incubated aerobically at 370 C
for 18-24 hours. Two subcultures were done on blood agar (BA)
and Mac Conkey's agar (MA) after 24 hours and 72 hours,
incubated aerobically at 370 C. Growth was identified by using
standard methods.® On MacConkey agar, the nonlactose-
fermenting translucent colonies were subjected for identification
as per the standard procedures.” Salmonella spp. was identified
as Gram-negative, motile, glucose, mannitol fermenting, sucrose
and lactose nonfermenting, catalase positive, oxidase negative,
indole negative, MR positive, citrate negative, urease negative,
and H.S and lysine positive inS. typhiand negative in S
Paratyphi. Salmonella isolates were further confirmed by
serotyping using group specific antisera (CSIR, Kasauli)).8
Antibiotic susceptibility was performed using the Kirby-Bauer disk
diffusion method according to Clinical and Laboratory Standards
Institute (CLSI) guidelines for the corresponding years using
commercially available disks (Hi-media, Mumbai):®-ampicillin (10
ug), co-trimoxazole (1.25/23.75 pg), ciprofloxacin (5 ug),
chloramphenicol (30 pg) and ceftriaxone (30 pg). Escherichia coli
ATCC 25922 was used as the quality control strain.

Statistical Analysis

The data was analysed by using the Chi Square test and the
Fisher exact test depending whether the sample size was more
than or less than five respectively.
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RESULTS

During the three year study period, a total of 52 cases of enteric
fever were culture confirmed. Out of these, 34(65%)} were from
male patients and 18{35%} from females, with a female to male
ratio of 1:1.56.(Figure 1).

S. Typhi was the predominant serotype isolated in 38 (73%) cases
whereas S. Paratyphi A accounted for the remaining 14 (27%)
isolates. (Figure 2)

Enteric fever occurred in all age groups with a peak occurrence in
the paedriatics age 23((44%), however S. Paratyphi A was
detected more in middle age groups. (Table 1)

The emergence of S. Paratyphi A as the commonest isolate in the
year 2018 was significant. (Figure 3) The rate of isolation of
Salmonella Typhi were 1.98% in 2016 which fell to 0.34% in 2018,
whereas, Salmonella Paratyphi A isolates were 0.37% in 2016
and raised to 3.66% in 2018. (Figure 3)

Salmonella Typhi were 88.45% sensitive to ampicillin and 99.4%
to ceftriaxone and 97.2% sensitive to chloramphenicol and 90.5%
to cotrimoxazole. Only 66.8% were sensitive to ciprofloxacin.
Similarly, Salmonella Paratyphi A isolates were 90.1% sensitive to
ampicillin and 92.8% sensitive to cotrimoxazole and 100%
ceftriaxone and 100% sensitive to chloramphenicol and only
71.4% sensitive to ciprofloxacin to S. Paratyphi A. [Table 2] shows
year wise per cent resistance pattern of S. Typhi and S. Paratyphi
A to individual antibiotics.

= Male = Female

Figure 1: Gender wise distribution

= S.Typhi

= S.Paratyphi
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Figure 2: S.Typhi and S. Paratyphi detection in three years
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Table 1: Age wise distribution of S. Typhi and S. Paratyphi.

Age wise distribution S. Typhi=38 S. Paratyphi=14
1-17 19(50%) 2(14.2%)
18-35 12(31.5%) 7(50%)
36-53 5(13.1%) 4(28.7%)
54 onwards 2(5.2%) 1(7.1%)
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Figure 3: Shows rising trends of S. Paratyphi in
comparison to S. Typhi

Table 2: Antibiotics resistance pattern in S.Typhi

and S.Paratyphi
Antibiotics S.Typhi S.Parstyphi
Ampicillin 32(88.4%) 12(90.1%)
Co-trimoxazole 34(90.5%) 13(92.8%)
Chloramphenicol 36(97.2%) 14(100%)
Ciprofloxacin 25(66.8%) 10(71.4%)
Ceftriaxone 37(99.4%) 14(100%)
DISCUSSION

Salmonella enterica serotype Typhi and Salmonella enterica
serotype Paratyphi A are the predominant cause of enteric fever
globally. It is widespread throughout the tropics and is one of the
leading causes of morbidity and mortality.2 In a systematic review
and meta-analysis of the published studies in India between 1950
and 2015 by John J et al, the incidence and prevalence of typhoid
and paratyphoid fever was 377 and 105 per 100,000 person
years. This reflects the burden of the disease in India.!3

In our study, in the retrospective analysis done during the 3 year
study period (2015-2018), a total of 52 cases of enteric fever were
culture confirmed, from the blood culture samples received in the
department of Microbiology, DRPGMC & Hospital, Kangra at
Tanda.

Out of 52 Salmonella isolates, 38(73%) were Salmonella Typhi
and 14(27%) were Salmonella Paratyphi A. Salmonella Paratyphi
A cases increased from 13.4% in 2015-2017 to 29 %in 2018
among culture confirmed enteric fever, with a significant p value of
< 0.05. [Figure 3]. This is an alarming increase conferencing
Salmonella Paratyphi A as the rapidly emerging pathogen of
enteric fever. This is in concordance with the reports from Nagpur
(46.15%),10 Sevagram (53.33%)"" during 2001-2003 and
Chandigarh (34.18% and 40.63%)'2 during 2006 and in the early
months of the year 2007 which showed a dramatic rise in the
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number of Salmonella Paratyphi A isolates. High degree of clinical
suspicion leading to the evaluation of even a low grade fever,
vaccination to Salmonella Typhi and the possible presence of
carrier state, especially in food handlers could be the important
contributing factors for the upsurge of paratyphoid fever.

In our study, endemic throughout the year, cases were
concentrated during the rainy season contamination. However, the
occurrence of enteric fever was throughout the year, as stated by
the World Health Organization.! The disease is more prevalent in
the tropics affecting the young and paediatric age groups.
Emergence of drug resistance has become a confounding factor
in the treatment of EF and is a problem that confronts the medical
fraternity. The drug resistance pattern of S. Typhi in Shimla'® as
documented in 1993 denoted resistance to the tune of 48.40% for
ampicillin, 40.82% for cotrimoxazole, 13.6 1% for nalidixic acid,
13.38% for gentamicin and 3.67% for ciprofloxacin.’? In one study
by Jayavarthinni et al* Salmonella Typhi were 98.4% fully
susceptible to ampicillin, chloramphenicol and cotrimoxazole.
Salmonella Paratyphi A isolates were 96.9% fully susceptible to
ampicillin, chloramphenicol and cotrimoxazole. In our study also
Salmonella Typhi were 88.4%, 97.2%, 90.5% fully susceptible to
ampicillin, chloramphenicol and cotrimoxazole. Salmonella
Paratyphi A isolates were 90.1, 100%, 92.8% fully susceptible to
ampicillin, chloramphenicol and cotrimoxazole. This reveals a
trend of increased susceptibility to first line antibiotics compared to
previous studies done from Pondicherry (2005-2009); Salmonella
Typhi isolates showed 65.9% and Salmonella Paratyphi A showed
76.4% susceptibility to first line antibiotics.'3 Only one (1.9%) of
the Salmonella Typhi isolate was multi-drug resistant. However, it
was sensitive to ceftriaxone. This is also in concordance with the
other studies done from various parts of India showing a low
percentage of MDR isolates 10% (2006-2007) in Karnataka and
4.7% (2008-2009) in Himachal Pradesh. 314

Our study reveals a higher susceptibility to all first line drugs, <
2% MDR rate, which is indeed welcoming. Fluoroquinolones had
become the drug of choice in the early 1990's, following the
evolution of Multidrug resistant (MDR) strains of Salmonella spp
conferring  resistance to  ampicillin, cotrimoxazole and
chloramphenicol.8 Consequent to the widespread use of
ciprofloxacin, especially in the community, resistance to same and
failure of treatment were reported. Capoor RM et al also has
documented high MICs (8-2512 pg/ml) to ciprofloxacin in their
isolates.” In another study by Jayavarthinni et al, Salmonella
Typhi showed 49.9% susceptibility while Salmonella Paratyphi A
showed 55% susceptibility to ciprofloxacin by disc diffusion
method. In our study also 66.8% of Samonella Typhi and 71.5%
of Salmonella Paratyphi A showed susceptibility to ciprofloxacin..
It reveals that most of the isolates of Samonella Typhi and
Salmonella Paratyphi A are resistant to ciprofloxacin. To have a
clinical relevance it might be required of us to further determine
the exact MICs of all our Salmonella isolates to ciprofloxacin and
document its true susceptibility pattern.

Ceftriaxone, an injectable drug, is now considered to be the first
drug of choice for the treatment of enteric fever.56 In a study from
North India the sensitivity was 95% to ceftriaxone.'? In this study,
only two isolates of Salmonella Typhi showed intermediate levels
of resistance to ceftriaxone with 99.4% sensitivity. However, both
the patients responded clinically. Salmonella Paratyphi A showed
100% sensitivity to ceftriaxone. On the basis of above
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observations, as the emergence of resistance to ciprofloxacin is
slowly increasing, it may be suggested that the conventional drugs
e.g., co-trimoxazole, ampicillin and chloramphenicol should be
prescribed and ceftriaxone and azithromycin may be kept on hold
for a while with the expectation of their come back in the
treatment. As susceptibility pattern varies in different places of
India, continuous monitoring in this regard seems to be the need
of the hour. We have to generate actual data from the developing
countries where typhoid is an endemic problem along with
antibiotic resistance. In absence of facilities for blood cultures
available or even undertaken in most of the healthcare facilities,
the empirical antibiotics used to treat all fevers in the community
could be responsible for only the complicated cases presenting to
the tertiary care centres. Thus, we might be identifying the cases
not responding to first line. Although this is purely conjectural, we
feel that the decrease in culture-positive cases may actually be
driven by the empirical antibiotic choices to treat fever in the
community and hospitals.

CONCLUSION

Salmonella Paratyphi A has emerged as the predominant isolate
in the year 2018. However, it did not show much variation in the
susceptibility pattern in comparison to Salmonella Typhi isolates.
Thus there is a need for continuous surveillance to inform
clinicians for better management of infections, availability of blood
cultures in the peripheral hospitals to understand the actual
burden of the disease and for government policymakers for
vaccine strategies, especially in light of the increase
in S. Paratyphi A prevalence. Safe supply water, personal hygiene
and effective antibiotic policies can help us to control the disease
and hence reduce antimicrobial resistance.
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