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ABSTRACT
.J

The Salmonella enterica strains were isolated from 35 faecal samples (14.2%) of245 equines examined using
four selective enrichment broths simultaneously. Eight animals were excreting Salmonella strains of two serovar each. Of
the 43 isolates of Salmonella, 42 belonged to 10 serovars of Salmonella enterica subspecies enterica (S.) namely, s. I.
4,5,12,27: r,i: 1,5 (13), S. Drogana (9), S. Lagos (6), S. Kottbus (4), S. Bovismorbificans (4), S. Dumfries (3), S.
Tshiongwe (I), S. I. 3, 10, 15: r:- (1) and S. I. 6,7: y: l,z28(I), and one isolate to S. enterica ssp salamae 6,7: g t: Z42.All
the 43 isolates from 35 faecal samples were obtained using selective enrichment in tetrathionate broth (TIB) while only
five samples were positive using Rappaport-Vassiliadis RIO (RY) medium. No sample was detected positive for
Salmonella using either selenite cystine (SC) or Salmonella selective enrichment broths (SEB). With PCR, 66 faecal
samples yielded a Salmonella specific amplicon of 496 bp using his] gene primers. All the 35 faecal samples positive for
Salmonella with conventional bacteriological culture method were also positive with PCR. Although, using Salmonella
spiked (10 cfu of S. Abortusequi-El58 s:' of faeces) faecal samples of 10 Salmonella free horses, PCR had 100%
sensitivity (se) and 100% specificity (Sp). On field samples of equine faeces Se and Sp ofPCR was 1.00 and 0.85,
respectively. Standard tube-agglutination test on serum samples of equines using '0' 4,12 antigen (STAT-O) had Sp and
Se of 0.&7 and 0.61, respectively while using 'H' e,n,x antigen (STAT-H), Sp and Se was 0.87 and 0.61, respectively.
Corrected prevalence (P RG) of salmonellosis with conventional bacterial culture, STAT-O, STAT-H and PCR in equines
was 14%,5%,0% and 14%, respectively. Prevalence was significantly higher in mules and female donkeys (-70%).
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Salmonellosis, an important infectious
disease of equids, caused by different serovars
of Salmonella enterica subspecies enterica is
often associated with fatal septicaemia and
severe diarrhoea in foals and colitis/typhilitis in
equids of all age groups (Singh et al., 2007).
Many of the infected animals become chronic
asymptomatic carriers of the pathogen serving
as a potential source of infection to susceptible
hosts (Smith et al., 1978). Isolation of
Salmonella organisms from faecal samples of
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subclinically infected carriers or diseased equids
may be difficult due to limitations of sensitivity
of the technique, excretion of injured or non-
viable pathogen andldue to intermittent shedding
(Carter et al., 1986). Therefore, standard tube
agglutination test (STAT) is considered valuable
in detecting of intermittent Salmonella shedding
carriers (House et aI., 1993). The identification
of Salmonella spp. from faeces through
conventional culture technique is a labour
intensive, time consuming process, hence, for
rapid and reliable diagnosis, polymerase chain
reaction (PCR) based tests are now being widely
used (Gentry-Weeks et al., 2002). However,
false negative results due to a variety of inhibitory
substances such as bilirubin and chelating agents
in clinical samples (Widjojoatmodjo et al., 1992)
could limit the use of PCR. Enrichment broth,
incubation temperature, incubation time and



enrichment technique (single enrichment or
double enrichment) might alter sensitivity ofPCR
and culture techniques used for detection of
Salmonella in faecal samples of different animal
species (Carli et al., 2001). This study reveals
the prevalence of Salmonella infection in equids
through bacteriological culture, standard tube-
agglutination test (STAT) and PCR.

MATERIALS AND METHODS

Salmonella strain: Reference strain of
Salmonella Abortusequi (E-158) used for
preparation of'O' 4, 12 and 'H' e, n, x antigens
and for spiking the control faecal samples was
revived from the glycerol stocks maintained at
the National Salmonella Centre (Vet.), Indian
Veterinary Research Institute, Izatnagar.
Faecal samples: About 109 faecal sample
from each equid was collected directly from the
rectum using pre-sterilized disposable full sleeves
gloves (Bareilly Biologicals, India). Samples
were immediately transferred to the labelled
sterile faecal sampler (Tarson, India Ltd.
Kolkata) and brought to the laboratory on ice.
Equine faecal samples (245) were collected
from equids under unorganized sector with
permission from the owners in villages of
different parts of India (Tarnilnadu, 91, Rajasthan,
68, Uttar Pradesh, 30 and Haryana, 56) over a
period of 6 months from November, 2002 to June,
2003. Consent of owner for sampling was the
only criteria for sampling the animals.
Besides, faecal samples, from 10 known
Salmonella negative horse mares maintained in
the Institute, were spiked with 10 cfu of S
enterica ssp enterica serovar Abortusequi (S.
Abortusequi E-158) s' of faeces. The spiked
and non-spiked samples were processed in the
similar way as the test samples as positive and
negative controls, respectively. .
Serum samples: About five rnl blood from each
animal was collected using labeled sterile
vacutainer (Becton Dickinson, USA) from all
the equids sampled for faeces. Serum was
separated after clotting and transported to
laboratory on ice packs. Allthe serum samples
were stored at -20°C until tested.
Salmonella isolation: All of the 245 faecal

samples were extended in nine volumes of
buffered peptone water (BPW) and incubated
at 37° C for 18 h to resuscitate the organisms
under stress. After pre-enrichment, faecal
samples were selectively enriched at 37°C for
24 h using four different media namely
tetrathionate (Difco) broth (TTB), selenite-
cystine (Difco) broth (SCB), Salmonella
selective enrichment broth (Agrawal, 2003) and
Rappaport -Vassiliadis RIO (Difco) medium (RV-
10). Thereafter, a loopful of inoculum from the
enrichment broth was streaked on to hektoen
enteric agar (HEA, Hi-Media, Mumbai) and
brilliant green gar (BGA, Hi-Media) plates.
Plates were incubated at 37°C for 24 h.
Presumptive Salmonella colonies showing
smooth, transparent, with or without black centre
with greenish periphery on HEA and transparent
reddish colonies with pink periphery on BGA
were picked up and confirmed (Edwards and
Ewing, 1972) before submitting for serotyping
at NSC (Vet), Izatnagar.
Standard tube-agglutination test: Somatic
'0' 4,12 and flagellar 'H' e, n, x antigens were
prepared with reference strain of S.Abortusequi
E-158 (Edwards and Ewing, 1972). The STAT
was performed by making serial two-fold dilutions
of test sera in NSS and adding equal volume
(0.5 ml) of antigen in each tube (Hudson and
Hay, 1991). Negative and positive controls,
having NSS and factor specific rabbit antiserum
(titer 1:80), respectively were included. Highest
dilution of serum yielding complete agglutination
by mat formation at bottom with clear fluid at
top was taken as agglutination titre. Agglutinin
titres of ;::80 and ;::320 against '0' and 'H'
antigens, respectively were considered positive.
Polymerase chain reaction: To determine
Salmonella in faeces, 496 bp fragment of a
conserved sequence of hisJ gene was amplified
(Cohen et al., 1994) by PCR. For PCR, primer!

_ (5' ACT GGC GTT ATC CCT TTC TCT GGT
G) and 2 (5' ATC TTG TCC TGC CCC TGG
TAA GAG A) custom synthesized by Genei
(Bangalore) and template DNA from 1rnl aliquot
after selective enrichment in TTB (Babu, 2003)
were used. A 25 ~l of reaction mix consisting of
5~l of the template, 2.5 ul of 1OxTaq polymerase
reaction buffer, 1.5 mM MgCI2, 300 ~M dNTP
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mix, 37.5 pM of each of the two primers and
1 U of Taq DNA polymerase was used. For
amplification in Eppendorf Thermocycler
(Coming, USA), an initial denaturation (5 min at
94°C) was followed by 30 cylces of denaturation
(1 min at 94°C), annealing (1 min at 55°C) and
extension (90 s at n°C) and a step of final
extension for 10 minutes at n°e. The amplicon
of 496 bp was visualized under uv illumination
after agarose gel electrophoresis (5volts/cm)
using 1.5% agarose gel made in 0.5XTris-borate
buffer (TB E) containing ethidium bromide
(0.5~g ml').
Statistical Analysis: Prevalence of
salmonellosis, determined by different tests, was
adjusted using Rogan and Gladen (1978) method.
Sensitivity, specificity, and predictive value
(negative and positive) of different tests were
also calculated (Thrusfield, 1995) using
Salmonella isolation method as gold standard.
To determine the effect of different sex and
equine species on prevalence Chi-square test
statistics was used (Thrusfield, 1995).

RESULTS AND DISCUSSION

Evaluation of different enrichment media:
Forty three Salmonella were isolated from 35
(14.3%) of the 245 equine faecal samples using
selective enrichment in TTB while no
Salmonella could be isolated following selective
enrichment in SCB and Salmonella selective
enrichment broths (SEB). Only 5 samples were
positive for Salmonella using RV-I0 medium
for selective enrichment. All five faecal samples

.positive for Salmonella using RV-I0 were also
positive with TTB enrichment. Thus, TTB Was
the best selective enrichment medium for isolating
Salmonella from equine faecal samples similar
to earlier reports (Carli et al., 2001).
Isolaion of Salmonella serovars: Salmonella
isolates were serotyped into 10 serovars of
Salmonella enterica subspecies enterica (S.)
namely, S. 4,5,12,27: r,i: 1,5 (13), S. Drogana
1,4,12,27: r,i: e,n,z,s; (9), S. Lagos 1,4,5,12: i: 1,5
(6), S. Kottbus 6,8: e,h: 1,5 (4), S.
Bovismorbificans 6,8,20: r,i: 1,5 (4), S. Dumfries
3,10: r,i: 1,6 (3), S. Tshiongwe 6,8: e,h: e,n,z,s
(1), S. I. 3,10,15: r:- (1) and S. I. 6,7: y: 1'~8 (1),

and one isolate to S. enterica ssp salamae 6,7:
g t: Z42. Isolation of Salmonella from 14.3%
apparently healthy equids confirmed the endemic
status of Salmonella infection in equids in India
(Gupta and Venna, 1993). Excretion of strains
of zoonotic Salmonella serovars by apparently
healthy animals might be a potential danger to
equine caretakers. Eight (22.6%) of the 35 faecal
samples were positive for Salmonellae isolates
belonging to more than one serovars proving
existence of mixed infection of Salmonella
serovars in equids. Moreover, frequent isolation
of the strains of S. Drogana,. S. Dumfries, S.
Tshiongwe, S. Kottbus, S. I. 4,5, 12,27: r,i: 1,5
and S. I. 6,7:. y: IZ28 serovars rarely reported in
India either from human or other animals (Gupta
and Venna, 1993) indicated that epidemiology
of salmonellosis in equids in India is more
complicated than in other animals probably due
to easy international movement of equids for
races and sports and close contact with their
owners and caretakers being a companion
animal.

J
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Fig I. Amplicons (496 bp) on 1.5 % agarose gel from
peR assays on equines faecal samples using primer
I and 2 for his] gene of Salmonella genus. M,
molecular weight markers (lOObp ladder); N,
negative control; P, positive oontrol; 1 to 18,
different faecal samples of equines.

Detection of Salmonella by PCR: Using
control spiked faecal samples from 10 mares
PCR had 100% sensitivity and specificity. Out
of 245 faecal samples screened with PCR for
specific amplicon of 496 bp (Fig 1), 66 (26.9%)
faecal samples were positive for Salmonella.
All the 35 samples positive for Salmonella spp.
by culture method were also detected positive
by PCR yielding a 1.00 and 0.85 in-field Se and
Sp, respectively (Table 1) similar to earlier reports
(Gentry-Weeks et al., 2002, Babu, 2003).
Presence of similar amplicon (496 bp) in culture-
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Prevalence of salmonellosis in equids using different tests for diagnosis of Salmonella infection

Table 1

Animal type (n) Prevalence estimate Prevalence estimate of salmonellosis in equids using
Isolation STAT-O STAT-H peR

Mules (40) PA 0.33 0.35 0.28 0.68
P RG 0.33 0.25 O.OQ 0.62

Male horses (14) PA 0.07 0.00 0.29 0.07
PRG

0.07 0.00 0.00 0.00
Female horses (118) PA 0.03 0.02 0.25 0.05

PRG 0.03 0.00 0.00 0.00
Male donkeys (33) PA 0.09 0.39 0.49 0.09

PRG 0.09 0.30 0.27 0.00·
Female donkeys (40) PA 0.38 0.33 0.23 0.75

PRG 0.38 0.22 0.00 0.71
Total (245) PA 0.14 0.17 0.28 0.27

P
RG

0.14 0.05 0.00 0.14

negative faecal samples might be attributed either
to the higher sensitivity ofPCR than culture or
the ability of PCR assay to detect even non-
viable Salmonella (Cohen et al., 1996) or'false
detection due to mispriming with related bacteria,
In a few studies, PCR had low sensitivity (Carli
et al., 2001, Feder et al., 2001) which might be
due failure of enrichment of the pathogen as
observed with three enrichment broths which
were proved inferior to TTB as earlier (Gouws
et al., 1998, Soumet et al., 1999) or due to
inhibitory activity of TTB (Stone et al., 1994)
which could be removed by washing of the TTB
cultures. In this washing of cell pellet after
enrichment, particularly TTB enrichment might
be responsible for higher sensitivity of PCR,
while use of unwashed cultures, in earlier studies
(Stone et al., 1994) might be responsible for
reduced sensitivity because of inhibitory activity
of TTB due to its high calcium contents. The
choice of primer set may be the other crucial
factor for variation in the sensitivity of PCR
assay (Gentry-Weeks et al., 2002). The primers
used in this study have been reported to have no
cross reaction with other bacteria present faeces
(Cohen etai, 1994). Although PCR protocol used
in this study took about 36 h to detect Salmonella
in faeces in contrast to 24 h in earlier studies
(Feder et al., 2001, Carli et aI., 2001), the.higher
sensitivity (1.00) of this protocol justified the use.
With the use ofTTB enrichment protocol, all 35
Salmonella positive and control spiked samples
yielded positive results in PCR, which could not
be achieved earlier (Feder et al., 2001, Carli et

al.,2001).
STATs for anti '0' 4, 12 and anti 'H' e, n, x
antibodies: Antibodies against serogroup B
Salmonella ('0' 4, 12) and 'H' e, n, x, present
in more than 20 serovars prevalent in Inqia
(Singh, 2005) were detected in -17% and 2S%
equids respectively (Table 1). Absence of
correlation between high Salmonella agglutinin
titers and isolation of different Salmonella
serovars from the faecal samples of equids
yielded low Se and Sp for the STATs which are
in concurrence with similar findings in cattle and
pigs (Veling et al., 2002, LoFo-Wong et al.,
2003). In this study -65% and 33% Salmonella
isolated from equids possessed antigens inducing
antibody generation detectable with STAT-O (4,
12) and STAT-H (e, n, x), respectively, Thus to
improve the sensitivity ofSTATs one should use
more antigens for STATs particularly '0' 6, 7
(group C) and 3, 10 (group E), Presence of high
antibody titres but no isolation of the pathogen
might be due to the persistence of antibodies in
convalescent animals or after a transient
infection (Veling et al., 2000) or excretion by
latent carriers (House et a/., 1993). Thus, the
use of bacteriological examination and PCR for
the detection of Salmonella in clinical samples
from latent carriers and intermittent excretors is
consequently limited ..
Se and Sp of different tests: Although isolation
of Salmonella has many limitations (House et
al., 1993), there is no other gold standard. Hence
calculation of Se and Sp of serological tests with
Salmonella isolation might not reflect the real
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Table 2

Chi-square statistics to estimate effect of sex and species in equids on prevalence of
salmonellosis by different tests

Compared groups STAT-O STAT-H Isolation peR
Three di fferent kinds of equids 0.00 0.49 0.00 0.00
Mules versus horses 0.00 0.78 0.00 0.00
Mules versus donkeys 0.96 0.54 0.45 0.12
Horses versus donkeys 0.00 0.23 0.00 0.00
Male horses versus female horses 0.63 0.78 0.35 0.63
Male donkeys versus female donkeys 0.62 0.06 0.01 0.00

situation. The PCR assay had the higher Se
(1.00) and Sp (0.85) than STATs because both
Salmonella isolation and PCR assay depends
on the presence of the pathogen in the sample
while STATs depends on presence of
Salmonella agglutinins (Gentry-Weeks et al.,
2002).
Effect of species, sex, and place on
prevalence of Salmonella in equids: The
prevalence of Salmonella (Table I) in equids
indicated that mules and female donkeys were
more common excretors of Salmonella than
horses and male donkeys. Chi-square analysis
(Table 2) further proved that female donkeys
were more susceptible to Salmonella
colonization and excretion than males and mules
were equally susceptible as their grannies. More
prevalence of Salmonella in female donkeys than
in males might be due to the effect of sex on
prevalence of Salmonella as reported earlier in
human beings and other animals (Singh and
Verma, 2003, Chandra et al., 2007) due to
modulation of immune response by sex hormones
(Singh and Verma, 2003). Place of sampling had
no significant effect on prevalence of
Salmonella infection in equids however; S.
Tshiongwe and S. Lagos were isolated
exclusively from equids of Tamilnadu and
Rajasthan, respectively.

It can be concluded that PCR is the most
sensitive and specific test for detection of
Salmonella excretion in faeces of equids but
have the limitation of not indicating about the
serovar of the infecting Salmonella which might
be an important factor in understanding
epidemiology of the disease. For isolation of
Salmonella from faecal samples, TTB was
found to be more suitable selective enrichment.
Although STATs for Salmonella had no

correlation with the detection of Salmonella with
PCR or isolation technique and had low Se and
Sp, but it can be used as global sero-surveillance
test to detect latent and convalescent carriers
being simple and informative about the infecting
serovar.
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