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Abstract

Objective: Non-typhoidal Salmonellae (NTS) are a

neglected group of enteric pathogens whose prevalence is

increasing at alarming rates across India. The disease

burden is being underestimated because of a lack of

effective surveillance of NTS infections in the Indian

population. This study depicts the acquisition of NTS

infection, and its persistence and spread through a diverse

range of hosts, including humans and animals, and food

and environmental sources.

Methods: During the study period from 2016 to 2018, a

total of 999 suspected NTS isolates were received from

across India and were phenotypically and serologically

characterized for the presence of NTS.

Results: Of the 999 isolates, 539 (53.95%) were

confirmed as NTS, consisting of 17 different NTS sero-

vars. The majority were isolated from human samples

(n ¼ 319, 59.18%), followed by food products (n ¼ 99,

18.37%), animals (n ¼ 83, 15.4%) and the environment
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(n ¼ 38, 7.05%). Some predominant serovars obtained

included S. Typhimurium (n ¼ 167, 30.98%), S. Lin-

denberg (n ¼ 135, 25.05%), S. Enteritidis (n ¼ 56,

10.39%), S. Weltevreden (n ¼ 44, 8.16%), S. Choler-

aesuis (n ¼ 41, 7.61%) and S. Mathura (n ¼ 33, 6.12%).

Conclusion: This study depicts the NTS disease burden

across India, on the basis of the isolation of NTS sero-

vars across diverse geographic locations. The emergence

of newer or less common NTS serovars implicated in

human infection poses a potential challenge to the

healthcare system in India. Therefore, national and

regional level surveillance is needed to implement effec-

tive control strategies and safeguard community health

in India.
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Introduction

Salmonellae, a group of pathogenic bacteria belonging to
the family Enterobacteriaceae, cause multiple enteric diseases
in humans and are gaining attention in the scientific com-
munity worldwide because of their diverse associated dis-

eases and treatment challenges in the developing world. The
global annual disease burden of salmonella infections has
been reported to be 3.4 million.1e3
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The genus Salmonella is associated with various enteric
diseases in humans, including typhoidal illness and non-

typhoidal salmonellosis. Typhoid fever is caused primarily
by S. enterica serovar Typhi and S. enterica serovar Para-
typhi (A and B), whereas non-typhoidal illnesses are caused

by a variety of other Salmonella serovars collectively known
as non-typhoidal Salmonellae (NTS). NTS infections occur
primarily through ingestion of food or water bearing these

pathogens. Human and animal wastes are the major sources
of contamination of food and environmental resources by
NTS.4,5 Self-limiting diarrheal disease6 is the most frequent
clinical manifestation due to NTS infection. In addition,

the incidence of intestinal inflammation with diarrhea and
extra-intestinal complications, such as bacteremia7 or
invasive NTS disease, have also been reported.8,9

The distribution of NTS varies widely by time and loca-
tion,10,11 and the host range iswide12,13According to theWorld
Health Organization,14 NTS are often distributed among wild

and domestic animals, including poultry, pigs, cattle, cats,
dogs, birds and reptiles. The major propagation routes arise
from occupations involving the handling of animals and raw
meat products. Unhygienic practices during the slaughtering

of animals, and the handling and transportation of raw meat
increase the likelihood of contamination of meat products
with NTS.15,16 The survival and transmission of NTS

through water bodies and the environment have also been
reported.17,18

Although cases of NTS associated diarrhea most

frequently occur in Asia, data and reports on NTS infections
from India are lacking.7,19e22 The pathogenic potential of
Salmonellae is evolving at an alarming rate, and the actual

NTS disease burden has been underestimated in India,
owing to the absence of an effective nationwide
surveillance system.19 A major challenge in combating the
disease is tracking and controlling NTS dissemination.

Therefore, epidemiological investigation of NTS is
important to determine whether isolates recovered from
different geographical locations are related, and to reveal

common sources of transmission of the causative agents.23

The present study was therefore planned to study the
prevalence of NTS isolates in different geographical

locations across India.

Materials and Methods

Media and reagents

Media and biochemicals (Hi Media) in dehydrated form
were used for identification of the bacterial isolates. Different
H and O antigen specific antisera (monovalent and poly-

valent) prepared at the Central Research Institute (CRI),
Kasauli, HP, India, were used for serotyping of the isolates.
In addition, some antisera obtained from Seiken Labora-

tories, Tokyo, Japan, were also used.

Sample collection

During the period from 2016 to 2018, the National Sal-
monella and Escherichia Coli Center (NSEC) at CRI,
Kasauli, received 999 bacterial isolates suspected to be NTS ,

collected from various locations (including hospitals,
agricultural and veterinary research institutes, and labora-
tories of fisheries/food departments) across India, for serovar

confirmation. These isolates were primarily from human
(blood, stool, urine, pus, tissue samples and body fluids)
sources; animal sources, such as poultry and livestock (e.g.,

pig, cow or buffalo), comprising fecal, diarrheal and post-
mortem samples; and food/environmental sources,
including cow/buffalo-raw milk, animal/poultry-feed, raw

meat (pork or chicken), eggs and seafood (fish or shrimp).

Characterization of bacterial isolates

The samples received in integral form (without leakage or

breakage) under specified conditions were subjected to
identification by biochemical and serological methods. Pure
cultures of the isolates were obtained by streaking onto

freshly prepared MacConkey agar (Hi Media Labs) plates.
After overnight incubation at 37 �C, isolated, non-lactose
fermenting colonies were sub-cultured aseptically on fresh

nutrient agar slopes. Subsequently, each isolate was identi-
fied morphologically by Gram’s staining, and motility was
determined with the hanging drop method.

Biotyping

The biochemical characterization of the isolates was

performed according to the standard procedure24, including
tests such as indole, methyl red, VogeseProskauer and
citrate, enzyme detection tests (catalase, oxidase and urease
production), sugar fermentation tests (glucose, sucrose,

lactose, mannitol and dulcitol), substrate utilization tests
(triple sugar iron) and decarboxylase tests (lysine, arginine
and ornithine).

Serotyping

The serovar identification and antigenic profiling were

performed with standard antisera and slide agglutination
techniques,25,26 with some modifications. Briefly, a pure
colony of the isolate was mixed in normal saline on a clean

glass slide. The suspension was tested for agglutination
with polyvalent O and H antisera. The serovar
confirmation was performed with mono-specific antisera
against O and H antigens.

Statistical analysis

IBM SPSS Statistics Version 22 was used for the data

processing and descriptive analysis to draw inferences
regarding the prevalence of the different NTS serovars ob-
tained from human, animal and environmental sources

across the country. The data were graphically represented in
MS Excel 2019.

Results

During the period from 2016 to 2018, a total of 999 sus-
pected NTS isolates were received at NSEC from various

regions of India for serovar confirmation. Of the 999 isolates
received, 539 (53.95%) were biochemically and serologically
confirmed as NTS; the remainder were found to be typhoidal



Table 1: Year-wise collection of bacterial isolates suspected to be non-typhoidal Salmonellae.

Year Total isolates received Non-Salmonella isolates Typhoidal Salmonellae Non-typhoidal Salmonellae

2016 289 (28.93%) 168 (46.41%) 12 (12.24%) 109 (20.22%)

2017 466 (46.65%) 111 (30.66%) 32 (32.65%) 323 (59.92%)

2018 244 (24.42%) 83 (22.93%) 54 (55.10%) 107 (19.85%)

Total 999 362 (36.23%) 98 (9.81%) 539 (53.95%)
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Salmonellae (n ¼ 98, 9.8%) and non-Salmonella (n ¼ 362,

36.23%) isolates and were not included in the study
(Table 1). Among these 539 NTS isolates, more NTS isolates
(n ¼ 323, 59.92%) were received during the year 2017 than

2016 (n ¼ 109, 20.22%) or 2018 (n ¼ 107, 19.85%).
These NTS isolates were further divided into four cate-

gories according to the original source of isolation: 1)
humans, 2) animals, 3) food products and 4) environment.

Under the first category, the NTS were isolated from blood,
CSF, feces, pus, sputum, urine and tissue samples. NTS from
the feces of pigs, buffalos, cows and poultry constituted the

second category of samples. NTS from pork, chicken, raw
egg, animal feed, milk, fish and other seafoods were grouped
under the third category. All environmental isolates were

designated under the fourth category.
Table 2: Region vs. source distribution of NTS collected during the

Region of India Source of NTS

Human Food products

Central 2 0

East 0 16

North 24 29

South 289 3

West 4 51

Total 319 (59.18%) 99 (18.37%)

Table 3: Total numbers of NTS isolates obtained.

Name of organism Antigenic structure

(somatic O antigen: H pha

S. enterica serovar Typhimurium 4,12: i: 1,2

S. enterica serovar Lindenberg 6,8: i: 1,2

S. enterica serovar Enteritidis 9,12: g,m: -

S. enterica serovar Weltevreden 3,10: r: Z6

S. enterica serovar Choleraesuis 6,7: c: 1,5

S. enterica serovar Mathura 9,46: i: e, n, Z15

S. enterica serovar Anatum 3,10: e, h:1,6

S. enterica serovar Jaffna 9,12: d: Z39

S. enterica serovar Tennessee 6,7: Z29: -

S. enterica serovar Stuttgart 6,7: i: Z6

S. enterica serovar Kentucky 8,20: i: Z6

S. enterica serovar Bazenheid 8,20: Z10: 1,2

S. enterica serovar Hissar 6,7: c: 1,2

S. enterica serovar Virchow 6,7: r: 1,2

S. enterica serovar Poona 13,22: z: 1,6

S. enterica serovar Senftenberg 1,3,19: g,t: -

S. enterica serovar Ughelli 3,10: r: 1,5

Total number of NTS isolates 539
A region-wise analysis of the sources of isolation of these

539 NTS isolates revealed that most (n ¼ 319, 59.18%) were
isolated from human samples, followed by food products
(n ¼ 99, 18.37%), animals (n ¼ 83, 15.40%) and the envi-

ronment (n¼ 38, 7.05%) (Table 2). The table also depicts the
region-wide distribution. Most NTS isolates (n ¼ 313,
58.07%) were received from Southern India, and other re-
gions contributed between 0.37% and 18.18% of the total

NTS collection.
The serotyping of these 539 NTS isolates confirmed the

presence of 17 different NTS serovars, which are listed in

descending order of occurrence in Table 3. The six NTS
serovarsdS. enterica serovar Typhimurium (n ¼ 167,
30.98%), S. enterica serovar Lindenberg (n ¼ 135,

25.05%), S. enterica serovar Enteritidis (n ¼ 56, 10.39%),
S. enterica serovar Weltevreden (n ¼ 44, 8.16%),
period from 2016 to 2018.

Total

Animal Environment

0 0 2 (0.37%)

17 4 37 (6.86%)

45 0 98 (18.18%)

21 0 313 (58.07%)

0 34 89 (16.51%)

83 (15.4%) 38 (7.05%) 539

se I: phase II)

Number of isolates Percentage

167 30.98%

135 25.05%

56 10.39%

44 8.16%

41 7.61%

33 6.12%

12 2.23%

10 1.86%

09 1.67%

08 1.48%

06 1.11%

04 0.74%

04 0.74%

04 0.74%

03 0.56%

02 0.37%

01 0.19%
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S. enterica serovar Choleraesuis (n ¼ 41, 7.61%) and
S. enterica serovar Mathura (n ¼ 33, 6.12%)dwere

collectively found to be the predominant serovars,
representing 88.3% of the total NTS isolates in this study.
The remaining 11 serovars contributed between 0.19% and

2.23%, and accounted for 11.7% of the total NTS serovars
obtained in this study.
Figure 1: NTS isolates obtain

Figure 2: NTS isolates ob
Among these 17 NTS serovars, ten were isolated from
human samples (Figure 1). S. enterica serovar Lindenberg

(n ¼ 103, 32.3%) was the dominant serovar. The other
NTS serovars frequently encountered were S. enterica
serovar Typhimurium (n ¼ 89, 27.9%), S. enterica

serovar Enteritidis (n ¼ 50, 15.7%), S. enterica serovar
Choleraesuis (n ¼ 40, 12.5%) and S. enterica serovar
Weltevreden (n ¼ 21, 6.6%). Collectively, these five
ed from human samples.

tained from animals.
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serovars accounted for 95% of the total NTS serovars
isolated from human samples. The remaining 5%

included S. enterica serovar Jaffna, S. enterica serovar
Poona, S. enterica serovar Mathura and S. enterica
serovar Ughelli.
Figure 3: NTS isolates obtai

Figure 4: NTS isolates obtained
S. enterica serovar Typhimurium (n ¼ 32, 38.6%) was the
major serovar among the ten NTS serovars isolated from

animals (Figure 2). The other four major NTS serovars were
S. enterica serovar Lindenberg (n ¼ 11, 13.3%), S. enterica
serovar Weltevreden (n ¼ 9, 10.8%), S. enterica serovar

Stuttgart (n ¼ 8, 9.6%) and S. enterica serovar Mathura
ned from food products.

from environmental samples.
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(n ¼ 7, 8.4%). Collectively, these five serovars represented
80.7%, and the remaining five NTS serovarsdS. enterica

serovar Anatum, S. enterica serovar Tennessee, S. enterica
serovar Bazenheid, S. enterica serovar Enteritidis and
S. enterica serovar Senftenbergdaccounted for 19.3% of

the total isolates obtained from animals.
Similarly, among the eight NTS serovars obtained from

food samples (Figure 3), S. enterica serovar Typhimurium

(n ¼ 45, 45.5%), S. enterica serovar Lindenberg (n ¼ 21,
21.2%) and S. enterica serovar Weltevreden (n ¼ 14,
14.1%) were the dominant NTS serovars, composing
80.8% of the total. The remaining five serovars

individually contributed between 1.0% and 8.1%.
Among the five NTS isolates obtained from environ-

mental samples, S. enterica serovar Mathura (n¼ 25, 65.8%)

was the only serovar that predominated over the other NTS
isolates (Figure 4). The other four serovars were S. enterica
serovar Jaffna (n ¼ 5, 13.2%), S. enterica serovar Hissar

(n ¼ 4, 10.5%), S. enterica serovar Enteritidis (n ¼ 3,
7.9%) and S. enterica serovar Typhimurium (n ¼ 1, 2.6%).

Discussion

Non-typhoidal salmonellosis poses a major threat to hu-
man health, because of its increased global incidences arising

from its persistence and spread in diverse hosts including
humans and animals, and sources including food and the
environment, which are interrelated through frequent in-

teractions and thereby maintain a natural transmission cycle.
Globally, an estimated 93 million enteric infections occur
annually because of NTS, causing 155,000 deaths.27

In the literature on NTS infection in India, several au-

thors have published their findings on NTS infection at
different time points.3,28e32 The prior studies have focused
mainly on particular geographic areas of the country and

consequently have not provided a clear picture of
prevalence of NTS infection across India. Therefore, the
present research was aimed at studying the distribution of

NTS over diverse geographical locations across India, to
assess the NTS disease burden throughout the country. In
the present study, suspected NTS isolates from 13 Indian

states, collected from different sources including hospitals,
agricultural research institutes and food research
laboratories, were included in the analysis. Of the total
NTS isolates confirmed in this study, 59.18% were from

human samples, 18.37% were from food products, 15.4%
were from animals, and 7.05% were from environmental
sources. Of the 17 NTS serovars obtained from humans or

animals, and food/environmental samples, S. enterica
serovar Typhimurium was the most frequently occurring
NTS serovar, followed by S. enterica serovar Lindenberg,

S. enterica serovar Enteritidis, S. enterica serovar
Weltevreden and S. enterica serovar Mathura in decreasing
order of occurrence. Of note, these pathogens have been
reported to be associated with clinical illness in humans,

beyond their routine isolation from animal, food or
environmental sources, thereby indicating a possible role of
these reservoirs in the transmission of NTS to humans, in

agreement with prior studies.16,33

In this study, as previously reported,34e36 S. enterica
serovar Typhimurium was the most frequently isolated
NTS serovar, followed by S. enterica serovar
Lindenberg.14,37 The highly prevalent serovar S. enterica

serovar Typhimurium has already been reported to be an
invasive NTS serovar globally.6 The serovar Lindenberg
was first reported to be isolated from a human blood

sample in 20183 in India. In this study, one isolate each
of S. enterica serovar Typhimurium and S. enterica
serovar Lindenberg was obtained from human CSF; this

important finding indicates the invasive nature of these
bacteria, thus raising concerns regarding possible threats
to community health.

S. enterica serovar Enteritidis is a common serovar

causing invasive human infections10,38 in India and
worldwide. In our study, most (n ¼ 50, 15.67%) of the
S. enterica serovar Enteritidis isolates were obtained

from human samples (including blood, pus, feces, urine
and tissue), whereas only three isolates each were from
animal and environmental sourcesda previously

unreported finding.
NTS serovar S. enterica serovar Weltevreden has been

significantly associated with zoonotic infections in India over
many decades.39e41 In this study, this NTS serovar was

obtained primarily from fecal samples from humans and
animals, and also from raw cow/buffalo milk. One isolate
each was from human blood and tissue samples, thereby

indicating possible systemic infection with this serovar.
S. enterica serovar Mathura was first reported to be iso-

lated from cattle in Mathura,42 a town in northern India. In

this study, most of the S. enterica serovar Mathura isolates
were from environmental samples (n ¼ 25, 65.79%) and
poultry (n ¼ 7, 8.43%), whereas one isolate was obtained

from human blood. This study provides the first report of
S. enterica serovar Mathura in humans. According to the
data available, the source of transmission of this serovar to
humans cannot be ascertained. To date, no literature is

available from India or any other country regarding the
isolation of S. enterica serovar Mathura serovar from
humans. Although the isolation rate reported in this study

is less than 1%, further studies in this regard must be done
to study the epidemiological role of this NTS serovar in
human infection.

Conclusion

This study reports the isolation of NTS from diverse

sources and geographical locations across India. S. enterica
serovars Typhimurium, Lindenberg and Weltevreden were
the three major NTS serovars commonly isolated from

samples originating from humans, animals and food prod-
ucts. Moreover, the same NTS serovars came from different
sources across diverse geographic locations of the country,

thereby suggesting that these serovars are not host specific
and may be present in a variety of hosts. However, further
studies at the genetic level should be conducted to establish
the relationships between hosts and NTS serotypes. In

addition, some less common NTS serovars, such as S.
enterica serovar Mathura, S. enterica serovar Jaffna, S.
enterica serovar Ughelli and S. enterica serovar Poona, were

also isolated from human samples. The addition of these
newer or less common serovars to the existing list of NTS
serovars known to cause disease in humans indicates a major
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challenge to the health care system in India. Furthermore,
the possibility of the existence or emergence of many more

uncommon NTS serovars in the future cannot be ruled out,
because these serovars could substantially increase the NTS
disease burden in the country. Our findings underscore the

need to effectively implement and enhance NTS surveillance;
detect the presence of newer NTS serovars; identify the res-
ervoirs and modes of transmission; and develop control

programs including impact assessment. Finally, national and
regional level monitoring programs are needed to implement
effective control strategies to eliminate the threat to com-
munity health in India from NTS, a neglected group of

enteric pathogens.
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