
© 2019 Journal of Global Infectious Diseases | Published by Wolters Kluwer - Medknow 153

Abstract

Original Article

IntRoductIon

Salmonella enterica serovars Typhi and Paratyphi (known as 
typhoidal Salmonella) are rod-shaped, Gram-negative bacteria, 
which infect only humans and cause typhoid and paratyphoid 
fevers, together called enteric fever.[1]

A recent systematic review placed the incidence of typhoid in 
India at approximately 3.4 million cases, which would account 
for approximately 30% of the global burden.[2,3] Neighboring 
Nepal has reported a significant doubling of septicemia rates 
due to Salmonella spp. This high burden of enteric fever in the 
subcontinent is further compounded by a high prevalence of 
antimicrobial resistance (AMR) in typhoidal Salmonella.[4] In 
1990–1992, around 65% of typhoidal Salmonella strains in India 

showed multi drug resistance (MDR)[5] (implying resistance to 
three early, commonly used antibiotics – chloramphenicol, 
ampicillin, and cotrimoxazole). As a result, ciprofloxacin 
became the drug of choice in the empirical treatment of 
enteric fever.[6] Its widespread use led to increased resistance 
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to ciprofloxacin and a reduction in MDR at the turn of the 
century. Newer antibiotics such as azithromycin began to 
be recommended for the treatment of enteric fever in the 
last decade.[7] However, recent reports of resistance to these 
antibiotics from across the country have again raised a challenge 
to effective control and treatment efforts.[8]

Since Salmonella typhi and Salmonella paratyphi exclusively 
infect humans, resistance mechanisms in these organisms 
are more likely to be driven by antibiotic consumption by 
patients, rather than environmental transfer.[9] Recent studies 
from the Wellcome Institute carry alarming reports of newer 
mechanisms and characteristics of resistance in S. typhi.[10]

The traditional strategy to both combat and delay the 
development of resistance in all pathogenic  bacteriae has been 
to combine and cycle (rotate) antimicrobials based on the AMR 
pattern of the organism.[11] Until rapid diagnostics become 
available to detect the AMR pattern of an infecting organism 
at the bedside, health‑care providers in all countries will need 
information about regional susceptibility to guide empirical 
therapy of S. typhi.[12] For this, it is essential to map resistance 
patterns and genetic mechanisms at regional levels, particularly 
in regions endemic for resistant S. typhi and S. paratyphi.

AMR studies have been regularly published from select, 
public sector tertiary care centers in India over the last many 
decades and recently from private centers too.[7,8] These 
studies reveal the magnitude of AMR only in single tertiary 
centers and reflect the spatial fluctuations in AMR patterns 
across the country. There have not been any reports of AMR 
patterns at a city level, even in large cities such as Delhi and 

Mumbai. Relating AMR reports from the private and public 
sector assumes importance, given the possibility that different 
antibiotic prescription and consumption patterns in the private 
and public sector could result in different resistance patterns 
among typhoidal salmonellae from within the same city.[13] 
It is vital that we document resistance patterns in contiguous 
geographic areas so that regionally appropriate prescription 
guidelines may be formulated.[14]

In recognition of rising AMR as a global problem, the World Health 
Assembly adopted the global action plan on AMR in May 2015. 
The Global AMR Surveillance System is presently gathering data 
on resistance in eight priority bacteria, including Salmonella spp. 
Integrating private laboratories into national AMR surveillance in 
all regions of the globe is a recognized priority area.[15]

Given this backdrop, the purpose of this study is to document 
the health‑care ecosystem that produces data on AMR in 
typhoidal salmonellae in Ahmedabad, the seventh largest city 
in India.[16] This study reports the antibiotic resistance testing 
methodology used and resistance pattern recorded in the city 
in the past 5 years.

Materials and Methods

We followed three filtering steps (as described below) to narrow 
down our search for facilities which perform culture and 
antibiotic sensitivity testing (AST) for Salmonella [Figure 1].

Filtering steps
Listing
The public sector in the city consists of five tertiary level 

Figure 1: Filtering of diagnostic laboratory services in Ahmedabad to detect facilities with culture and antibiotic sensitivity testing capacity
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referral hospitals with attached medical colleges as well as 
the municipality’s network of hospitals and health centers. 
Private diagnostic laboratories in Indian cities are of three 
types – health-care institution attached laboratories (HALs), 
standalone noncorporate laboratories (NCLs), and stand-alone 
corporate laboratories (CLs).[17] We obtained a record of 1437 
HALs registered by the municipality in 2015–2016 and a list 
of 254 NCLs. We searched for CLs in the city through internet 
searches and interviews with colleagues in the public and 
private systems. We identified five functioning CLs in the city.

Screening
First phase: Telephonic screening
Medical colleges have full-fledged microbiology departments 
and carry out culture and AST. Therefore, five of these directly 
entered our second phase of screening. We interviewed key 
health officials of the municipality regarding the capacity 
for AST at their health facilities. We retained the three large 
municipal hospitals in our list for the next stage of physical 
screening along with the five medical colleges.

We sorted the list of 1437 HALs by specialties and range 
of bed sizes. One-third (559) were purely maternity, and 
five were purely superspecialty hospitals (cardiac, bariatric, 
knee replacement, and cancer) and would not carry out 
any investigations for Salmonella. The remaining 879 
facilities had mean and median bed sizes of 13.3 and 
10 (range: 1–310 beds; interquartile range: 5–15 beds). We 
used a cutoff bed size of 15–75 beds and randomly sampled 
10% of the 161 medium-sized facilities (18 facilities) and 
telephoned them. All of them reported that they did not possess 
laboratory facilities. We assumed that small-sized hospitals 
too would not possess laboratory facilities. We retained all the 
13 HALs with >75 beds in Ahmedabad for detailed screening 
in the next phase.

Similarly, we randomly sampled 10% of the 254 NCLs 
(25 laboratories) for a telephonic survey regarding the type of 
enteric fever testing offered by them. All of them performed 
Widal tests, but none of them performed culture and AST. 
They reported that they sent such samples or patients to CLs. 
We thus identified 8 public facilities, 13 HALs, and 5 CLs that 
needed to be physically verified for the actual performance of 
culture and AST in the next phase.

Second phase: Physical screening
To screen the public facilities, we visited microbiology 
departments of all five medical colleges. All of them conducted 
culture and AST, but one had begun just 3 months previously 
and did not have any past data to share. The three large 
municipality hospitals reported that they had no AST facility 
and referred suspected patients of enteric fever to the medical 
colleges. Of the 13 HALs, 6 were charitable and 7 were 
for-profit hospitals. Only four of them, two charitable and two 
for-profit reported that they conducted culture and AST. The 
rest sent their samples to CLs. We contacted local city offices 
of five CLs. Four claimed that they performed culture and AST. 
At the end of the screening, we confirmed that four medical 

colleges, four HALs (two charitable and two for-profit), and 
four CLs were performing culture and AST. We formally 
requested these institutions to share their data.

Inclusion
Two of the four medical colleges (MC1 and MC2) shared 
culture and AST data of 4½ and 2 years, respectively. The third 
did not respond to our requests but has recently published AMR 
data in their pediatric patients during the same period.[18] The 
fourth had begun performing culture and AST just 3 months 
previously and did not have any past data to share.

Among the four CLs, one shared data of 2 years (2014–2015) 
which we have used in this study. One shared data that were 
poorly labeled and did not contain culture and AST information 
and two refused to share data with us. One of the latter 
laboratories has recently published AMR data in typhoidal 
Salmonella of 6-month period in gray literature.[19]

One for-profit and one charitable HAL shared their data. 
The former shared data of only the past few months and less 
than 6 cultures had been performed. The latter reported only 
Widal test reports and had no data on culture and AST. The 
other for-profit HAL did not respond to our repeated requests 
and charitable HAL refused to share any data saying that the 
microbiologist wished to publish the same.

We extracted data from the three available and functional 
sources, MC1, MC2, and CL, into Microsoft Excel 2013 (v15.0) 
sheets and anonymized it for further analysis. MC1 and CL 
have national accreditation.[20]

Method adopted by laboratories to perform blood culture 
and antibiotic sensitivity testing
Blood culture
MC1 and CL used Becton Dickinson Bactec Instrumented 
blood culture systems to detect microbial growth in blood 
specimens. MC2 performed this task manually using 
conventional blood culture bottles. The subculture of 
S. typhi/S. paratyphi-positive samples was done manually on 
MacConkey, blood, and nutrient agars at all three laboratories.

Antibiotic sensitivity testing
AST was performed in accordance with the Clinical and 
Laboratory Standards Institute (CLSI AST-M100) guidelines 
by the Kirby–Bauer disc diffusion method by all three 
laboratories. MC1 had tested for 42 antibiotics. While CL 
tested all isolates for resistance to all 58 antibiotics, MC1 
and MC2 tested varying numbers of isolates to their set 
of antibiotics. Minimum inhibitory concentration was not 
determined at any of the laboratories.

Ethical approval for this study was obtained from the 
Institutional Ethics Committee of Indian Institute of Public 
Health, Gandhinagar (TRC-IEC No: 5/2015).

Results

The three reporting laboratories had conducted 51,620 cultures 
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during 2011–2016 [Table 1]. Salmonella isolation rates from 
these cultures were 0.12%, 0.53%, and 0.66% for MC1, MC2, 
and CL, respectively. Out of total 141 Salmonella-positive 
cultures, 121 (85%) were S. typhi and 18 (13%) were S. 
paratyphi. Species of two isolates remained unidentified. 
While the CL tested all their isolates against all antibiotics, 
MC1 and MC2 tested antibiotics inconsistently across their 
isolates.

MC1 had performed the largest number of blood cultures. 
However, there was no mention of the number of cultures that 
yielded Salmonella. Therefore, we assumed that the 42 blood 
cultures, which had been tested for sensitivity, were the total 
yield of Salmonella isolates. MC2 provided AST data for 40 
out of the 55 Salmonella isolates, while CL provided AST data 
on all 44 isolates [Table 1].

Thus, the three laboratories provided 124 AST reports for 
55 months. Resistance varied from 10% to 100% across the 
three laboratories. More than half of these reports, i.e. 67 (54%) 
were resistant to one or more antibiotics. The majority of this 
resistance came from the CL isolates, all 44 of which showed 
resistance. Eighty-eight percent of resistant isolates were 
concurrently resistant to more than one antibiotic.

Antibiotic resistance pattern
The city’s isolates showed the lowest resistance for ampicillin, 
co-amoxiclav, and co-trimoxazole (<8% of tested isolates) and 
highest for nalidixic acid and azithromycin (95% of tested isolates).

MDR – MC1 and MC2 tested only 2/40 and 31/40 isolates, 
respectively, for MDR while CL tested all isolates. However, 
MDR was not detected in any of the laboratories.

Quinolones and fluoroquinolones – nalidixic acid resistance 
was almost complete in all isolates tested at CL (S. typhi – 97% 
and S. paratyphi – 100%), whereas it was hardly tested at MC1 
and MC2. Ciprofloxacin resistance was found at all laboratories 
although it varied – 50% in MC1 but only 8%–25% in CL. 
There was minimal resistance to the third and above generation 
of fluoroquinolones.

Cephalosporin – minimal resistance to third-generation 
cephalosporins was detected at all three laboratories.

All isolates in CL showed complete resistance to gentamicin, 
amikacin, and azithromycin. In MC1 and MC2, a quarter of 
the isolates showed resistance to gentamicin and amikacin, 
while azithromycin was hardly tested. Less than a quarter of 
isolates at MC1 and MC2 presented resistance to tetracycline 
[Table 2].

dIscussIon

We found very low Salmonella isolation rates; only 141 out of 
52,000 blood cultures (0.28%) had yielded Salmonella. Half 
of these isolates showed some resistance. Salmonella isolation 
rates, antibiotics tested, and antibiotic resistance patterns 
showed considerable variation across the three facilities. The 
noteworthy resistance pattern was the absence of MDR, the 
emergence of resistance to third-generation cephalosporins, 
and a high degree of resistance to azithromycin. Among 
isolates that were resistant, resistance to multiple antibiotics 
was high.

Salmonella isolation rate in Ahmedabad of 0.28% was much 
lower than in four other Indian studies, which had reported 
Salmonella positivity in 1.2%–4.3% of samples against 
the 12,940–135,000 blood samples; they had cultured in 
their laboratories.[13,21-23] However, the ratio of S. typhi to 
S. paratyphi isolates (85:15) in our study was within the 
range seen in most sites in the last decade (65:35–90:10).[13,24] 
The extremely low isolation rates in our three facilities may 
be indicative of lower referral rates of suspected patients for 
blood culture or, possibly, lower incidence of Salmonella 
infection in Ahmedabad. Population-linked laboratory studies 
are needed in the city to understand the actual burden of cases 
and devise antibiotic strategies. Unless practitioners are guided 
by regional data, uninformed prescription practices will worsen 
existing AMR.

The Indian Council of Medical Research (ICMR) and the 
National Centre for Disease Control have recently published 
antibiotic regimens for a range of infectious syndromes with 
the objective of curtailing AMR in the country.[25,26] Both 
recommend  ceftriaxone/cefixime  and azithromycin as the 
empirical first line of treatment for enteric fever. ICMR also 
recommends re-introduction of cotrimoxazole as a first-line 

Table 1: Overview of resistance

Laboratories Period Number of 
blood samples 

cultured

Salmonella 
isolates

AST done Resistant 
isolates (%)

Resistance to 1 
antibiotic

Resistance to >1 
antibiotic

Total S.typhi S. paratyphi S.typhi S. paratyphi S. typhi S. paratyphi
MC1 May 11-October 

15
34,748 42 40 32 8 19 (48) 6 0 10 3

MC2 January 
14-December 15

10,232 55 40 36 4 4 (10) 2 0 1 1

CL January 
14-December 15

6640 44 44 40 4 44 (100) 0 0 40** 4**

Total 55 months 51,620 141 124 108 16 67 (54) 8 0 51 8
**All 44 isolates from private CL and one each from MC1 and MC2 were resistant to at least 18 antibiotics, S. typhi: Salmonella typhi S. paratyphi: 
Salmonella paratyphi, CL: Corporate laboratory, AST: Antibiotic sensitivity testing
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drug and chloramphenicol and ciprofloxacin as second-line 
drugs.

Resistance to ceftriaxone/cefixime was very minimal 
(3/93, 3.2%) in our study. Other studies from India also suggest 
that there is very minimal or no resistance to cephalosporins, 
indicating recent initiation of resistance to these drugs. 
However, few South Asian countries, Bangladesh, Pakistan, 
and Philippines are reporting considerable resistance to 
third-generation cephalosporins.[16,27,28]

However, the 100% resistance to azithromycin seen in 
our CL sample (43/45) is a significant finding, especially 
since high resistance to azithromycin (30%) has also been 
reported in another clinical study of pediatric enteric fever 
in Ahmedabad.[18] Some consider that high in vitro resistance 
of Salmonella to azithromycin may not be predictive of low 
clinical efficacy since this antibiotic is known to achieve 
very high intracellular concentrations.[29] However, clinical 
nonresponse to azithromycin has been recorded in northern 
India in 2012.[30] These experts argued that azithromycin has 
proved only marginally better than ciprofloxacin at fever 
clearance and recommended that large-scale randomized 
control trials are needed before azithromycin can be used in 
the Indian subcontinent.

In our study, ciprofloxacin resistance was much higher in 
the public (50%) than the private (8%) sample [Table 2], but 
this was within the range seen in other studies.[7] This may be 
indicative of more usage of the relatively cheaper ciprofloxacin 
among public hospital clientele.

MDR was completely absent. Although reducing trend of 
MDR has been reported from across the country, the complete 
absence of MDR has not been reported to date in any other 
study from India.[25]

Only two studies from India have reported concurrent resistance 
to two or more antibiotics.[31,32] In our study, this concurrent 
resistance was largely driven by the private sample. This 
may be reflective of the difference in antibiotic consumption 
patterns between public and private sector  clientele, as is our 
finding of increased azithromycin resistance in the private 
samples and ciprofloxacin resistance in the public samples. The 

possibility of such an evolution of antibiotic resistance in the 
subcontinent as has been hypothesized in a recent publication 
needs further exploration.[33]

Antimicrobial resistance surveillance in Ahmedabad in 
Indian and global context
The difference in the proportion of AMR isolates reported in 
our public and private samples, 30% versus 100%, as well as 
high ciprofloxacin resistance in public and high azithromycin 
resistance in private samples are important findings because it 
may be indicative of differential AMR patterns in the private and 
public sectors. Although all facilities followed CLSI guidelines, 
total antibiotics tested at each facility varied. Furthermore, public 
sector laboratories did not test all isolates against all antibiotics 
on their list. This probably reflects the inconsistent availability 
of Kirby–Bauer discs at these laboratories. Further, minimum 
inhibitory concentration to assess the extent of resistance was 
not tested in any of the laboratories. This patchy performance of 
AST and lack of standard procedures result in poor surveillance 
due to incomparability of sensitivity across laboratories.[34] 
For individual laboratories, both private and public, there is 
no inherent incentive to detect city-level AMR patterns or 
molecular-level mechanisms of resistance transmission. This 
lack of enthusiasm among microbiologists to further process 
their samples through more specialized laboratory testing and 
analysis is an issue in other parts of the world too.[15,35] Probably, 
they are unable to fully value the public health benefits that could 
be derived from AMR surveillance.[33]

The antibiotic regimen currently recommended by ICMR for the 
treatment of enteric fever in the entire country is based on 209 
Salmonella isolates from only four public institutes.[25] Across 
India’s cities and towns, there are several hundreds of public 
and private hospitals and laboratories undertaking ASTs, just like 
the ones in Ahmedabad presented in this study.[33] Drawing these 
varied facilities or at least a representative sample of them into a 
cohesive network is essential for surveillance of AMR in all major 
bacterial pathogens, particularly so for typhoidal Salmonella 
which is endemic in our part of the world, and is most exposed to 
antibiotics consumed by humans. Only a representative network 
of laboratories will provide the contextualized and stratified data 
necessary for the development of the most accurate strategy to 
formulate regional prescription guidelines. However, this is an 

Table 2: Antibiotic resistance pattern

Antibiotics r/n (%) MC1 MC2 CL Total

S. typhi S. paratyphi S. typhi S. paratyphi S. typhi S. paratyphi Total S. typhi Total S. paratyphi
Total isolates (N) 32 8 36 4 40 4 108 16
Ampicillin 1/16 (6.25) 0/3 (0) 1/30 (3) 0/4 (0) 4/33 (12) 0/4 (0) 6/79 (7.59) 0/11 (0)
Chloramphenicol 3/12 (25) 0/5 (0) 1/36 (3) 0/1 (0) 0/40 (0) 0/4 (0) 4/88 (4.54) 0/10 (0)
Nalidixic acid 0/1 (0) - - - 38/39 (97) 4/4 (100) 38/40 (95) 4/4 (100)
Ciprofloxacin 8/16 (50) 0/4 (0) 1/3 (33) - 3/40 (8) 1/4 (25) 12/59 (20.33) 1/8 (12.5)
Ceftriaxone 1/6 (17) 0/3 (0) 1/36 (3) 0/4 (0) 1/40 (3) 0/4 (0) 3/82 (3.65) 0/11 (0)
Cefixime - - 0/3 (0) - 1/40 (3) 0/4 (0) 1/43 (2.32) 0/4 (0)
Azithromycin 0/1 (0) - - - 39/40 (98) 4/4 (100) 39/41 (95.12) 4/4 (100)
r: Number of isolates resistant, n: Number of isolates tested, S. typhi: Salmonella typhi, S. paratyphi: Salmonella paratyphi, CL: Corporate laboratory
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enormous challenge in our setting. Motivated and persistent 
teams would be needed to ensure the intensive networking 
activities necessary between all the actors.[36]

Limitations
Out of approximately 1750 big and small, public and private 
facilities in Ahmedabad, we identified only 12 facilities with 
the ability to report AMR in typhoidal Salmonella. In spite of 
our efforts over 1 year, only three shared their data. Two of 
the facilities which refused to share data with us have recently 
described resistance patterns in typhoidal Salmonella isolates 
from the same study period. One aided medical college has 
reported 185 isolates from children below 14 years from 2014 
to 2016. However, the denominator number of blood cultures 
performed, and thus, the Salmonella isolation rate has not been 
reported. Resistance to more than one antibiotic also has not 
been reported.[25] One of the CLs has also reported 54 isolates 
from 1211 blood cultures between November 2013 and April 
2014 in gray literature, an isolation rate of 4.45%. This is 
much above the isolation rate of the CL that shared data with 
us.[19,29] Based on the quality and quantity of data shared by 
three HALs, – less than10 records of culture from one and 
no cultures from the other two – we believe that Salmonella 
isolation in the remaining seven HALs may be nonexistent or 
negligible. It is important to summarize that many facilities 
refused to share data; those that did had preserved records of 
a very short period and had very low isolation rates. Due to 
this incomplete data sharing, we are unable to estimate the true 
size of Salmonella positivity against total blood cultures in our 
city. Although the laboratories in our city are not equipped to 
report emerging AMR, as are those in the Western Pacific or 
European regions, they still hesitate to share their basic AMR 
data in the expectation that they will publish it in some form.[15] 
Thus, very varied results are being published from different 
laboratories, and there is a lack of consistency in methods 
adopted by them.

conclusIons

AMR patterns in typhoidal Salmonella from Ahmedabad 
suggest that they may be resistant to azithromycin and to a 
lesser degree to ciprofloxacin. However, they are in need of 
further molecular characterization.

Clinical microbiological methods lack uniformity and 
laboratory referral networks are not developed even in large 
cities of India. Although some useful data are produced by a 
few individual laboratories, the crucial exercise of meaningful 
networking for effective surveillance remains. As we enter an 
era of internationally linked AMR surveillance systems, the 
biggest challenge lies in selecting performing laboratories and 
inducing them to integrate with it.
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