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Summary
Various bacterial species, particularly Dichelobacter nodosus,
Fusobacterium necrophorum, Trueperella pyogenes (previously
Arcanobacterium pyogenes) and Treponema spp., have been
implicated in infectious conditions manifesting in lameness in sheep
and goat populations. The current study reports the causes of
infectious lameness in the north-western Himalayan region,
particularly Himachal Pradesh (HP), where no such study has been
conducted in the past. Among a total surveyed population of 27,586
animals, comprised of 15,006 sheep and 12,580 goats, 216 samples
were collected from foot lesions. A total of 6.48% (14/216) samples
were positive for D. nodosus, 20.83% (45/216) for F. necrophorum
and 20.37% (44/216) for T. pyogenes. In three instances, all of the
three aforementioned bacteria were present in a single foot lesion.
Most of the positive samples were from areas in the state of HP
adjoining the state of Jammu and Kashmir (J&K), where footrot is
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endemic. The confirmation of footrot in HP and the fact that
F. necrophorum and T. pyogenes were detected from cases of
foot/hoof infection in high numbers emphasises that these organisms
play an important role in inducing morbidity in migratory sheep and
goats. The present investigation also confirms the detection of
D. nodosus from cases of footrot for the first time from HP. With new
reports identifying F. necrophorum as a pathogen with a potential role
in aggravating infection caused by footrot, the development of a
combined vaccine to prevent lameness in sheep and goats in the northwestern Himalayan region has been suggested.
Keywords
Anaerobes – Dichelobacter nodosus – Foot abscess – Footrot –
Fusobacterium necrophorum – Goat – Infectious lameness – Sheep –
Trueperella pyogenes.

Introduction
Lameness is one of the greatest concerns for poor welfare in sheep (1).
Economic losses to the sheep and goat rearing industry due to
lameness are considerable. Lameness caused by footrot has been
estimated to cost the United Kingdom (UK) sheep and goat industry
around £24 million (or US$25.9 million) per annum (2) with an
additional burden of £14 million (or US$15.1 million) annually for the
prevention of the disease (3). New South Wales experiences an
estimated AU$43 million (or US$33.4 million) loss per annum in
terms of losses in production, treatment, control, prevention and
eradication of footrot (4).
Lameness in sheep and goats due to involvement of the feet is often
due to an infectious aetiology. Various bacterial species, particularly
Dichelobacter nodosus (5), Fusobacterium necrophorum (5),
Trueperella pyogenes (6) and Treponema spp. (7), have been
associated with lameness. Viral diseases such as foot and mouth
disease and bluetongue also affect the feet of animals but the lesions
are not restricted to the feet only (8). Conditions such as interdigital
dermatitis (ID) (also known as scald) and virulent footrot (VFR),
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involving D. nodosus as a primary pathogen, account for about 90%
of lameness in sheep in the UK (9). Other conditions causing foot
lameness include contagious ovine digital dermatitis, foot abscesses,
shelly hoof and toe granulomas (10).
Until recently the pathogenesis of footrot was thought to be due to an
initial infection by F. necrophorum followed by a secondary infection
with D. nodosus (11), but recent studies suggest otherwise.
Regardless, both bacteria play an important role in footrot infection,
with D. nodosus possibly driving the pathogenesis of footrot from the
initiation of interdigital dermatitis through to the development of
severe footrot, and F. necrophorum likely attributing to the severity
and duration of the infection (12, 13). In cases of foot abscesses,
F. necrophorum has been associated in conjunction with T. pyogenes
(8, 14).
Around 65% of the total population of India depends directly on
agriculture and allied activities for their livelihood and employment,
which accounts for around 22% of the gross domestic product (GDP).
The livestock sector represents approximately 27% of this amount.
The most recent census conducted in 2007 showed that there were
71.6 million sheep and 140.5 million goats in India, making these
industries an important component of the livestock sector (15).
The state of Himachal Pradesh (HP), which is home to the highest
section of the Himalayan mountain ranges (the Great Himalayas) is
situated in the north region of India and has a considerable population
of sheep and goats. According to the census conducted by the
Department of Animal Husbandry in HP (2007), the total population
of livestock in this state is estimated to be 5,211,087 of which 901,540
are sheep and 1,240,835 are goats (16).
In India there are several published reports (17, 18, 19, 20, 21) that
highlight the incidence of footrot in sheep and goats in the
neighbouring state of Jammu and Kashmir (J&K), especially in the
Kashmir division. In the state of J&K, losses in sheep production as a
result of footrot were estimated around Rs 36.79 million (US$0.56
million) (20) and Rs 15.82 million (US$0.25 million) (21) per annum
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in south Kashmir and central Kashmir, respectively. Footrot has also
been reported from the south Indian states of Andhra Pradesh (22) and
Kerala (23). The climatic conditions and animal husbandry practices
in HP and Uttrakhand, another northern state, are very similar to those
in J&K. With the expanding tracts of migration and mixing of sheep
and goat flocks in common grazing pastures at the borders, the sheep
and goat-rearing communities of HP remain highly vulnerable to
severe economic losses due to infectious lameness. With this
background a study was undertaken to ascertain the status of disease
conditions of the foot in sheep and goats in this Himalayan state.

Materials and methods
Survey area
The study was conducted from March 2010 to May 2011. During this
period various areas and villages which fall en route to the highland
pastures, where a considerable population of sheep and goats are
present, were surveyed. The areas included seven districts in HP, i.e.
the district of Lahaul and Spiti and the districts of Chamba, Kullu,
Kangra, Hamirpur, Mandi and Una, and one district in J&K, i.e.
Kishtwar district (previously part of the Doda district). No such study
had been undertaken in these areas before (Fig. 1). Three sheep
breeding farms in HP, which had never been investigated for
conditions associated with foot lameness, were also visited to
determine the prevalence of footrot infection. The animals on the
farms were stall-fed and the adjoining land served as a grazing and
exercising area. These areas often become water logged in the
monsoon months, thus creating a favourable environment for the
propagation of footrot and other hoof infections.
Sample collection
Two forms of symptomatic lameness were observed in the sheep and
goats. Examination of these animals revealed lesions that resembled
footrot or lesions that were indistinguishable from foot abscesses. In
the case of animals showing lesions similar to footrot, the site sampled
was the active lesion that developed between the horn of the hoof and
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the sensitive underlying tissues. In cases of lameness due to an
abscess, the pus oozing out of the hooves from the coronary band or
the white (or somewhat paler) line just above the hooves and
interdigital space was sampled.
Altogether, 104 flocks and three sheep breeding farms were visited. A
total of 216 samples were collected from 2,753 animals, which
comprised 134 samples from sheep and 82 samples from goats. Most
of the flocks (90/104) were a mix of sheep and goats.
Lesions resembling footrot with a lesion score of 2 (interdigital
dermatitis) (Fig. 2a) to 4 (under-running of the horn of the hoof)
(Fig. 2b) (24) and exudates of foot abscesses, i.e. green-creamy pus
oozing out from the coronary band or from pus of the interdigital
space (Fig. 2c), were sampled from deep inside the lesions with
sterilised cotton swabs. The samples were collected in duplicate from
each site; one was used for isolation of D. nodosus and direct DNA
extraction and the other for the isolation of aerobic bacteria. The swab
used for the isolation of D. nodosus was first streaked on isolation
medium on site and then stored in 200 µl of sterile phosphate-buffered
saline (PBS) in a sterilised microcentrifuge tube. The duplicate swabs
were transported to the laboratory on ice. On reaching the laboratory,
microcentrifuge tubes with samples meant for direct detection were
stored at –20ºC until further use. The duplicate swabs were processed
aerobically. Among the anaerobic bacterial species, only isolation of
D. nodosus was attempted as it was reported to be the major cause of
lameness in the neighbouring state of J&K (17, 18, 19, 20, 21);
F. necrophorum and T. pyogenes (microaerophilic) detection was
performed by polymerase chain reaction (PCR).
Random examination of sheep and goats not showing any apparent
symptoms of lameness was also carried out. Upon examination, those
animals that had lesions were also sampled to establish the infectious
aetiology. Twenty samples from asymptomatic animals (8 from sheep
and 12 from goats) were collected and were included as part of the
total 216 samples processed in this study.
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DNA Extraction
DNA extraction from direct swabs was performed by vortexing the
microcentrifuge tubes containing the swabs for 5 min. After vortexing,
the swabs were removed from the microcentrifuge tubes. The
suspension was then heated to 98°C for 5 min, cooled on ice for
10 min and centrifuged at 10,000 g for 10 min. DNA extraction from
bacterial colonies was performed by suspending the colonies of
interest in 200 μl of sterile PBS and processing as described above. A
2 μl aliquot of the supernatant was used as a DNA template for each
PCR.
Amplification of desired gene products
All PCR amplifications were performed in a 25 μl volume in 0.2 ml
thin-walled PCR tubes (Tarson, India). In all cases the PCR mixture
contained a final concentration of 2 mM MgCl2, 0.2 mM of each 2`deoxynucleoside 5`-triphosphate (dNTP), 2.5 μl of 10×PCR buffer
and 1U of TaqDNA Polymerase (Promega corporation, Madison,
USA). Oligonucleotide primers used in the present study were
procured from M/S Integrated DNA Technologies, Inc., USA.
Deionised water was used as a control. Amplification was carried out
in a GeneAmp PCR System 9700 Thermal Cycler (Applied
Biosystems, USA).
Detection of 16S rDNA gene of Dichelobacter nodosus by
polymerase chain reaction
Oligonucleotides primers specific for the detection of 16S rDNA gene
(FP-5′-CGGGGTTATGTAGCTTGC-3′
and
RP-5′TCGGTACCGAGTATTTCTACCCAACACCT-3′) were used (25).
PCR amplification was performed under the following conditions:
incubation at 94°C for 2 min, five cycles of PCR at 94°C for 30 s,
60°C for 30 s and 72°C for 30 s, 25 cycles of PCR 94°C for 30 s, 58°C
for 30 s and 72°C for 30 s, and final extension at 72°C for 4 min.
A two-step PCR (26) was also performed on the samples that did not
yield positive results by conventional PCR.
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Isolation of Dichelobacter nodosus from clinical samples
For isolation of D. nodosus, one of the samples taken in duplicate was
streaked on tripticase-arginine-serine (TAS) agar medium with 4%
hoof powder (27) at the site of collection. After inoculation, the plates
were placed immediately in a 2.5-litre anaerobic jar (Oxoid, UK) with
Anaerogas Pack (HiMedia, Mumbai, India) and transported to the
laboratory for incubation at 37°C. After five days of incubation,
suspected colonies (27) were subcultured on the same medium until
they were free from contaminating bacteria. They were then
subcultured on TAS agar medium containing 2% hoof powder until
pure colonies of D. nodosus were obtained. Plates that did not show
any characteristic growth after an initial five days of incubation were
incubated for another seven days before being discarded as negative.
Confirmation of the isolates as D. nodosus was done by demonstration
of the typical cellular morphology in Gram-stained smears and
detection of species-specific 16S rRNA gene by PCR using speciesspecific primers as described above.
Serogrouping of Dichelobacter nodosus positive samples
by multiplex polymerase chain reaction
PCR positive samples and D. nodosus isolates were subjected to
serogrouping with multiplex PCR (m-PCR) using nine (A–I)
serogroup specific primers (28). Multiplex PCR was performed on
each DNA sample using a set of three primers. The amplification
conditions for m-PCR were similar to those of the single PCR
described above for the detection of 16S rRNA gene of D. nodosus
except for an increased concentration of the forward primers (2.5
times) as compared to the reverse primers.
Virulence determination of Dichelobacter nodosus
Detection of Integrase A (intA) gene by polymerase chain
reaction
To ascertain the virulent or benign status, samples positive for
D. nodosus were screened for the presence of the intA gene. Detection
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of intA was carried out using a PCR-based method previously
described by Cheetham et al. (29). This PCR-based assay was also
used to test DNA extracted from the cultures grown on plates.
Gelatine gel protease thermostability assay
Isolates were subjected to a gelatine gel protease thermostability assay
for virulence determination. The gelatine gel protease test was carried
out as per the procedure described by Palmer (30).
Detection of Fusobacterium necrophorum by polymerase
chain reaction
DNA extracted from the field samples was tested for the presence of
leukotoxin gene (lktA) specific to F. necrophorum using primer pair
(lktA-F-5′ ACAATCGGAGTAGTAGGTTC 3′ and lktA-R- 5′
ATTTGGTAACTGCCACTGC 3′) and thermal cycle conditions as
per earlier published protocols by Bennett et al. (31).
Detection of Trueperella pyogenes by polymerase chain
reaction
DNA extracted from the field samples by boiling method was used as
a template and tested for the presence of the pyolysin (plo) gene of
T. pyogenes using primer pair (F-5′-GGCCCGAATGTCACCGC-3′
and R-5′-AACTCCGCCTCTAGCGC-3′) and thermal cycle
conditions as per the earlier published work by Billington et al. (32).
Isolation and identification of aerobic bacteria
All of the 216 swabs (duplicate) that were transported on ice were
streaked on blood agar containing 4% defibrinated sheep blood and
the plates were incubated aerobically at 37°C for 24–48 h. The
resulting colonies were subcultured on the same media until purified.
Identification of various bacterial genera was done by examination of
colony morphology, type of haemolysis, Gram-staining of bacterial
smears, and biochemical tests, including catalase, oxidase, coagulase,
nitrate reduction and sugar fermentation tests as per standard protocols
(33).
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Results
Prevalence of D. nodosus in Himachal Pradesh and
bordering districts of Jammu and Kashmir
Among a total surveyed population of 27,586 animals comprised of
15,006 sheep and 12,580 goats, 2,753 animals were examined and 216
(7.84%) samples were collected from sheep and goats suffering from
foot lesions. Only 14 samples were positive for D. nodosus, either by
direct PCR or upon culturing, thus giving an overall positive
percentage of 6.48%.
The prevalence of footrot was calculated by extrapolating the
prevalence from the examined animals. Overall prevalence of footrot
was 0.5% (14/2,753). The highest prevalence of 14% (7/50) was
recorded in the Kishtwar district (J&K) followed by 0.56% (6/1,053)
in the Kangra district (HP) and 0.5% (1/200) in the Chamba district
(HP).
Most cases of lameness were encountered in the months of August to
October. A total of 216 diagnostic samples were collected: 137 during
the months of August to October; 45 during December to April and 34
during May to July.
Detection of D. nodosus by direct polymerase chain
reaction and isolation from samples collected from foot
lesions
Out of the 216 samples collected, 13 (6.01%) samples were positive
by direct PCR determined by the amplification of the 783 bp gene
product characteristic of the 16S rDNA gene of D. nodosus. However,
one of the samples that was negative on direct PCR revealed the
presence of D. nodosus colonies on TAS media, which was later
confirmed by performing the PCR on DNA extracted from these
colonies, raising the number of positive samples to 14 (6.48%).
In total, 7/173 (4.04%) samples collected from HP were positive for
D. nodosus. All the positive samples were from goats.
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The geographical distribution of D. nodosus in HP revealed that out of
29 foot swabs collected from the Chamba district, only one sample
from a Gaddi goat (named after the Gaddi community which lives in
the region) was positive for D. nodosus (3.44%). A total of 6/55
(10.90%) samples collected from the Kangra district were positive for
D. nodosus, all of which also came from goats. Out of these six
samples, five were from Chegu goats kept at a local livestock farm in
the Kangra district. These included the sample that was negative on
direct PCR as mentioned previously and one from a Gaddi goat that
was sampled from the Kandbari village in the Kangra district.
In the district of Kishtwar (J&K), 7/43 (16.27%) samples were
positive for D. nodosus, all of them from a local breed of goat. All the
samples that tested positive for D. nodosus were collected from the
Marwah village in the Wadwan district, J&K.
The two-step PCR did not yield any further positive samples. Only the
positive control could be amplified with this method and all the
negative samples by conventional PCR were also negative by the twostep PCR.
Three D. nodosus isolates were recovered from the 216 samples
processed on TAS media. However, only two of the swabs that
yielded the isolates of D. nodosus were also positive by direct PCR,
whereas the third sample was negative on direct PCR.
Serological diversity of D. nodosus
All the D. nodosus isolates revealed an amplicon of 283 bp
characteristic of serogroup B. The samples yielding positive results by
conventional PCR were also serogrouped using m-PCR. All of the 13
samples yielded an amplicon of 283 bp, which specifies serogroup B.
None of the samples that were positive either by PCR or on isolation
belonged to any other serogroups.
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Virulence status of D. nodosus
Distribution of virulent intA gene among D. nodosus positive
samples
The three isolates of D. nodosus obtained from culture were screened
to ascertain their virulent status and found to be ‘virulent type’
depicting a PCR product of 530 bp specific to intA of D. nodosus.
All 13 DNA samples yielding positive amplicons on direct PCR for
D. nodosus were also screened for the presence of intA. Out of these
13 samples only seven (including two samples that also revealed
D. nodosus colonies) revealed an amplicon of 530 bp. Therefore, a
total of 8 (57.14%) out of 14 positive samples harboured virulent type
D. nodosus of which five were from the district of Kangra and three
were from the district of Kishtwar (J&K).
Gelatine gel protease thermostability assay of isolates
All of the three isolates of D. nodosus were subjected to a gelatine gel
protease thermostability assay. Irrespective of their origin, all
produced thermostable protease.
Detection of Fusobacterium necrophorum
A total of 45/216 (20.83%) samples were positive for F. necrophorum
by PCR. These samples yielded amplicons of 402 bp for lktA specific
to F. necrophorum (31).
In HP, 40/173 (23.12%) samples tested positive for F. necrophorum.
Of these positive samples, 35 (20.23%) were from goats and five
(2.89%) were from sheep. In the Kishtwar district of J&K, 5/43
(11.62%) tested positive for F. necrophorum, three of which were
from goats (6.97%) and two (4.65%) from sheep.
Detection of Trueperella pyogenes
A total of 44/216 (20.37%) samples collected from HP and the
bordering district of Kishtwar in J&K were positive for T. pyogenes
and yielded an amplicon of 270 bp.
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In HP, 37/173 (21.38%) samples tested positive for the presence of
T. pyogenes. Of these 37 positive samples, 32 (18.49%) were from
goats and five (2.87%) from sheep. In the Kishtwar district, 7/43
(16.27%) of the foot swabs collected tested positive for T. pyogenes,
which included 2 (4.65%) samples from goats and five (11.62%) from
sheep.
Taking into consideration mixed infections (Table I), a total of seven
samples tested positive for both T. pyogenes and F. necrophorum: two
samples were from goats of the Gaddi breed reared at a local livestock
farm in Palampur, Kangra district; two samples were from a local nondescriptive breed of goat in Marwahm, Kishtwar district; and three
samples were from the Gaddi breed of goat in Manali, Kullu district.
Interestingly, three samples out of 216 samples were positive for all
three bacteria (D. nodosus, T. pyogenes, F. necrophorum). All the
samples were from a local livestock farm.
Detection of aerobic bacteria
Among 216 swabs inoculated on sheep blood agar, 205 swabs yielded
bacterial colonies predominantly belonging to Staphylococcus spp.
and Bacillus spp. followed by Corynebacterium spp. and Micrococcus
spp. The bacterial isolates were present individually or in
combination.

Discussion
Infectious lameness of sheep and goats inflicts enormous morbidity
worldwide, including in India. The present study focused primarily in
HP and the bordering areas of J&K where footrot is of major concern
(17, 18, 19, 20, 21). The state of HP has geoclimatic conditions and
husbandry practices similar to J&K and rearing of sheep and goats is a
major activity for the Gaddi community and marginal farmers.
Although flocks of sheep and goats suffering from footrot-like disease
had been reported in the past in HP (Verma et al., unpublished data),
the disease was never confirmed. The present study is the first of its
kind that determines the prevalence of infectious lameness with a
specific focus on footrot. During the period of March 2010 to May
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2011, several flocks of sheep and goats were visited in seven districts
of HP and the Kishtwar district of J&K. The Kishtwar district adjoins
Chamba and has never been the focus of this kind of study.
The highest number of cases of lameness were reported in the months
from August to October (137/216) after a brief period of rainfall. At
this time of year, the animals start migrating back towards the plains,
passing through the areas where hard rough rocks predispose them to
foot injuries and the sub-temperate and rainy climate of the region
plays an additional role in establishing foot lesions. Similar
observations have been made from the south Indian states of Andhra
Pradesh and Tamil Nadu, where an increased incidence of footrot was
reported during monsoon, with a complete lack of footrot during the
dry periods (22). In the flocks under investigation, limping and
associated symptoms of lameness were noted by the owners during the
months of monsoon when the animals were on the upper elevations of
the areas. Mountainous terrain with no means of transportation and a
walking distance of six to eight hours make it hard to sample and
provide veterinary help to suffering sheep and goats. Similar terrain
and logistical difficulties were encountered when flocks of sheep and
goat were sampled in the present study, especially in the districts of
Chamba, Kangra and Kullu. As per the owners’ description, on
average, each sheep and goat flock had around 10–20% of its animals
exhibiting signs of lameness during, or in the months following,
monsoon rains. The overall prevalence of lameness from March 2010
to May 2011 was 7.8%. Dichelobacter nodosus was detected or
recovered from 6.48% of the lame animals. However, the prevalence
was much higher for F. necrophorum and T. pyogenes. The overall
prevalence of D. nodosus in flocks surveyed was 0.5%, whereas the
total prevalence in HP was only 0.25%. It is a well-known fact that
recovery or isolation of D. nodosus, which is a strict anaerobe, is
difficult and the stage of footrot also determines the load of this
microorganism in the foot lesions (12). There could be other reasons
(i.e. poor nutrition, viral infections, physical injuries) for this
phenotype, apart from an infectious aetiology, and this requires
investigation.
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Surprisingly, all the animals that were positive for D. nodosus were
goats (five belonging to the Chegu breed, two belonging to the Gaddi
breed and seven indigenous goats from Kishtwar). Earlier studies
carried out in the state of J&K (18) had shown that close to 28% of
goats suffering from foot lesions were positive for footrot. However,
subsequent studies reported the occurrence of footrot mostly in sheep
in this region. It is not clear whether it was only sheep that suffered in
these studies (19, 20, 21) or whether goats were not sampled as part of
the study design. Since this is the first systematic study of this kind on
footrot in this region, it is not known currently whether the disease is
limited only to goats or whether the Gaddi sheep are resistant or
whether the sheep do not become infected because, unlike goats, they
do not engage in exploratory and active browsing behaviours. Goats
tend to climb trees and thorny bushes to browse and, thus, there is a
higher risk of acquiring foot and leg injuries predisposing them to
infections. Genetic factors or species variation also cannot be ruled
out (23). The isolation of D. nodosus from Chegu goats that were
being reared at a local livestock farm may have been the result of a
change in environment. To test their adaptability and to see if they
were suited to sub-temperate conditions, these goats, which were
grazing in the High Hills in the temperate region of Lahaul and Spiti,
were brought down to the sub-temperate Mid-Hills areas. The area of
Lahaul and Spiti receives less rainfall and the temperature drops to as
low as –20ºC in the winter. Most of the area is dry and rocky. Shifting
the animals from their natural habitat to sub-temperate humid areas in
the Mid Hills may be a factor that predisposed them to infection with
D. nodosus.
The sheep and goat rearing communities of the districts of Chamba
and Kangra follow a route leading to the highland pastures in the
Kashmir region, J&K, where footrot has been reported to be a major
concern (this study also revealed the highest prevalence of footrot in
the district of Kishtwar, J&K). The introduction of the bacterium
D. nodosus into HP could possibly have been from J&K when the
owners, along with their flocks, returned from the pastures and moved
back to their respective villages.
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Only three isolates of D. nodosus were recovered from 216
microbiologically processed samples. These positive samples
originated from Chegu goats housed at a local livestock farm in
Palampur. In total, there were 14 samples positive for D. nodosus,
however, only three isolates could be cultured on TAS media resulting
in a poor isolation recovery of 21.42%. This shows once again that
this bacterium is hard to grow and, more importantly, it is very
difficult to purify it from a plethora of other facultatively growing
anaerobes. Furthermore, utmost precautions need to be taken while
sampling, and inoculation onto an appropriate medium should be done
at the sampling site or the appropriate conditions need to be
maintained while transporting the infected material back to the
laboratory for isolation. The samples positive for D. nodosus, either
by isolation or by direct PCR, belonged to serogroup B, establishing
that serogroup B is the predominant serogroup associated with footrot
in HP and the bordering district of Kishtwar. Serogroup B has also
been reported to be the most prevalent serogroup in the bordering state
of J&K (18, 19, 20, 21). Serogroup B has also been reported to be the
predominant serogroup in Bhutan (34), Australia (35), Great Britain
(36) and New Zealand (37).
Failure of detection by PCR from one of the samples from which an
isolate of D. nodosus was obtained may be attributed to the presence
of inhibitory substances in the crude DNA template. Similar findings
have been reported previously (19, 28). None of the samples taken
from asymptomatic animals gave positive results for D. nodosus by
direct PCR or by isolation.
As far as the virulence of the D. nodosus isolates is concerned, all
three isolates were positive for phenotype-based protease enzyme
activity. Virulence detection by intA PCR on 14 DNA samples
(including DNA from three isolates) showed that more than half of the
samples were harbouring virulent D. nosdosus. These tests have been
used previously to establish the virulent nature of an isolate, however,
their relevance as true virulence markers has been questioned (38)
since the clinical disease diagnosis does not always corroborate with
the presence of virulent markers. The reason the tests have been
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previously questioned (38) is that only 40.8% isolates were positive
on both the gelatine gel assay and the intA gene amplification,
whereas 92.9% were virulent on either the gelatine gel assay or intA
gene analysis. This emphasises the need for the development of new
tests that will clearly elucidate the nature of the isolate and are
accurate, economical and less time consuming. In this direction, more
recently, Stauble et al. (39) have developed a competitive real-time
PCR based on allelic discrimination of the protease genes AprV2 and
AprB2. The latter encodes for arginine instead of tyrosine at position
92 in the mature AprV2 protease, which allows direct detection and
differentiation of virulent and benign D. nodosus from interdigital skin
swabs in a single test. The recent findings (40), based on analysis of
the genomes of 103 isolates of D. nodosus from different regions of
the world, has revealed a bimodal population structure that is globally
conserved. This data provided evidence that virulent and benign
isolates represent two distinct forms of D. nodosus strains correlating
perfectly with the single amino acid difference between the AprV2 and
AprB2 protease. This type of comprehensive data has a great bearing
on future diagnostics and vaccine development.
Of the 216 samples tested for F. necrophorum, 45 (20.83%) were
positive by direct PCR. Fusobacterium necrophorum has been shown
to cause lameness in sheep in experimental pens (41, 42). By virtue of
being ubiquitous in nature (43) and an inhabitant of the normal
alimentary tract of animals (44), even a minor injury to the hoof or
denaturation of the skin in waterlogged barns and pastures can lead to
entry of the bacteria and the establishment of infection. Involvement
of F. necrophorum in conjunction with D. nodosus has also been
suggested in field conditions, with 17/42 samples positive for both
F. necrophorum and D. nodosus (31); whereas only two were positive
for F. necrophorum alone and two for D. nodosus alone. However,
these authors (31) did not test for the presence of other bacteria that
have been implicated in causing foot abscess in conjunction with F.
necrophorum, e.g. T. pyogenes.
A total of 44 (20.37%) samples were positive for T. pyogenes out of
216 samples. Trueperella pyogenes has been reported to be among the
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microorganisms present in the mucous membranes of the urogenital
tract, the upper respiratory tract and the ruminal wall of domestic
animals (31). Weight gain by sheep and goats due to ample
availability of good quality fodder on highland pastures, along with
foot injuries and sloughing off of skin in consistently moist conditions
during the monsoon period, predispose animals to entry and infection
by both F. necrophorum (45) and T. pyogenes (46).
Clinical examination of the affected hooves in limping sheep and
goats revealed characteristic swelling of the soft tissue (mainly
towards the hooves) along with necrotising or purulent infection. In
some of the advanced cases, greenish-creamy pus was oozing out of
these abscesses, usually from the coronary band. These animals were
examined in highland pastures for a suspected outbreak of footrot but
their foot lesions were more characteristic of a foot abscess. Other
authors have also made similar observations (45).
The isolation of facultative anaerobes from foot lesions points towards
their possible role in creating conditions conducive for the
establishment of D. nodosus and subsequent development of
pathology. Similar observations have been reported previously (47)
where the presence of sequences similar to various bacterial species
including Staphylococcus spp., Macrococcus spp., Micrococcus spp.,
Corynebacterium spp. and Peptostreptococcus spp. were noted.
Eleven of the samples collected in this study did not yield any growth
when processed aerobically. This could have happened due to several
reasons, including faulty sampling or drying up of the swabs during
transportation.
The detection of F. necrophorum and T. pyogenes in high numbers
from cases of hoof infection indicates an important role for these
organisms in inducing morbidity in migratory sheep and goats. The
study concludes that these bacteria are important cause of infectious
lameness in the HP region of India. Given the fact that D. nodosus has
now been confirmed in HP and the lack of rational preventive plans in
place, there is a high probability of it establishing a habitat and an
infection niche in this area, potentially resulting in endemic infection.
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Infectious lameness due to footrot has been reported to be treated with
a single dose of long-acting antibiotics; however, the cases of
lameness due to foot abscesses require prolonged use of antibiotics
and even after administration of antibiotics, the prognosis for
advanced cases remains bleak (14). The animals suffering from
infectious lameness are unable to keep pace with the rest of the flock
during migration. Other healthy animals are put at risk of infection
and, therefore, owners are forced to sell their animals at low prices.
This inflicts losses both in time and money (draining the owners of
their savings). This study has shown that lameness is a serious
problem in migratory small ruminants and requires short-term
therapeutic management and preventive strategies against D. nodosus,
F. necrophorum and T. pyogenes A medium-term strategy could be to
develop a combined vaccine composed of non-competitive antigens
from these organisms to reduce pain and suffering in the animals and
also curtail losses to sheep- and goat-rearing communities. Breeding
of animals for resistance to footrot and other infections could be
considered as a long-term goal.

Conclusion
This study detected the presence of D. nodosus in foot lesions of small
ruminants from the state of HP for the first time. However, the
prevalence was low and further investigation is warranted. Footrot
caused by D. nodosus may have occurred due to mixing of migratory
flocks at pastures spanning the borders of the two states of HP and
J&K.
Given that F. necrophorum and T. pyogenes are associated with the
majority of the cases of lameness in the state of HP, strict vigil and
adoption of appropriate preventive strategies is necessary. For the
future, a combined vaccine targeting D. nodosus, F. necrophorum and
T. pyogenes could prove beneficial. It may protect the sheep and goat
population in the Himalayan region, particularly in J&K and HP, and
also bring economic gains to the sheep- and goat-rearing communities.
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Table I
Distribution of samples by organism

Results of detection for different organisms

No. of samples
(Total samples = 216)

D. nodosus only

10

F. necrophorum only

34

T. pyogenes only

34

D. nodosus & F. necrophorum

1

F. necrophorum & T. pyogenes

7

D. nodosus, F. necrophorum & T. pyogenes

3

Negative for D. nodosus, F. necrophorum & T. pyogenes
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Fig. 1
Distribution of samples by species in Himachal Pradesh and the
district of Kishtwar (previously part of the district of Doda)
Source: Centre for Geo-informatics, CSK Himachal Pradesh
Agricultural University
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Fig. 2
Severity of various foot lesions in goats
a) Interdigital dermatitis in a goat

b) Separation of the hoof wall and sloughed off surface of the foot pad

c) Greenish pus oozing out of the interdigital space
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