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Abstract
Background and Aim: Footrot is a contagious disease of ruminants leading to severe economic losses. This study aimed 
to estimate the prevalence, virulence, and serogroups of Dichelobacter nodosus and the prevalence of Fusobacterium 
necrophorum in footrot lesions of sheep and cattle.

Materials and Methods: A  total of 106 pathogenic lesion samples were taken from 74 sheep and 32 cattle exhibiting 
typical footrot lesions and were analyzed for the presence of D. nodosus and F. necrophorum by real-time polymerase chain 
reaction (PCR). Both virulence and serogroup were estimated for D. nodosus positive samples.

Results: Among the 106 samples, 89 were positive by PCR for F. necrophorum, D. nodosus, or both. Dichelobacter nodosus 
was detected at a rate of 78.3% versus 28.3% for F. necrophorum. Virulent D. nodosus strains were detected in 67.5% of 
positive samples, with a higher rate in sheep (73.4%) than in cattle (47.4%). Benign D. nodosus strains were detected in 
57.8% of samples, with a lower prevalence rate in sheep (50%) than in cattle (84.2%). The positive samples of D. nodosus 
revealed the presence of three dominant serogroups (D, H, I) and three minor serogroups (G, C, A) by serogroup-specific 
multiplex PCR.

Conclusion: The findings provided information on the prevalence of D. nodosus and F. necrophorum strains in footrot 
lesions of sheep and cattle in some regions of Morocco, which will be useful for developing an effective autovaccine for the 
prevention of this disease in cattle and sheep in these regions.
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Introduction

Footrot is a highly contagious disease of rumi-
nants caused by several bacterial species, including 
Dichelobacter nodosus as the main etiological agent 
and Fusobacterium necrophorum as the second patho-
gen to induce synergically footrot in animals [1–3]. 
The disease is favored by environmental factors, such 
as warm and wet weather, pasture quality, nutrition, 
and animal density [4–6]. The disease causes lame-
ness and significant production and economic losses 
worldwide, in addition to a considerable impact on 
animal welfare [7].

Dichelobacter nodosus is divided into virulent 
and benign strains that are associated with different 
forms of the disease and the bacteria are classified 
into ten serogroups (A–I and M) based on fimbrial 

antigen, encoded by the 45 fimA gene and their distri-
bution varies from place to place [8, 9]. Detection of 
D. nodosus is carried out by polymerase chain reac-
tion (PCR) using specific primers that can differenti-
ate benign from virulent strains, while serogrouping is 
carried out by multiplex PCR using fimA gene-specific 
primers [10, 11].

Fusobacterium necrophorum is associated with 
different diseases in animals and humans and patho-
genicity is based on several virulence factors such as 
leukotoxin, hemolysin, and hemagglutinin that play 
an essential role in the infection process [12].

Footrot has been notified as the main cause of 
lameness in ruminants. The prevalence of footrot 
lesions has been reported in many countries, such as 
United Kingdom (8–10%) [13], Bhutan (3.1%) [14], 
India (12–15%) [15–17], Sweden (5.8% in slaughter 
lambs with score ≥2) [18], Germany (42.93%) [19], 
Bangladesh (4.4%) [20], The prevalence of lameness 
in general in dairy cows has been investigated clini-
cally in Algeria (13%) [21].

Footrot is a multifactorial disease and treatment 
used for control, such as foot bathing and the use of 
antibiotics, is costly and provides only temporary 
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remission by repeated treatment [22–25]. Furthermore, 
the large use of antibiotics in such diseases raises the 
issue of antibiotic resistance [26, 27]. The disease can 
be prevented by the application of vaccines but it is 
complicated due to the presence of several serogroups 
of D. nodosus in the same flock, with no cross-im-
munity between serogroups, leading to unsatisfac-
tory results [25, 28]. Footvax® (MSD Animal Health, 
UK) is the only licensed multivalent vaccine against 
footrot in the UK based on nine fimbrial serogroups 
of D. nodosus that produces short-term antibody 
responses due to antigenic competition that reduces 
vaccination efficacy [24, 29].

At present, research is focused on develop-
ing autovaccines or serogroup-specific vaccines 
for use during specific footrot outbreaks [30–33]. 
This approach needs the identification of circulat-
ing bacterial strains and serogrouping of D. nodosus 
circulating in the flock, followed by developing a 
serogroup-specific vaccine [16, 34]. The prevalence 
of footrot and its causative agent has been the subject 
of different studies in several parts of the world. In 
Morocco, the lameness due to footrot lesions has not 
been sufficiently researched. To our knowledge, stud-
ies to estimate the serogroups of D. nodosus have not 
been conducted yet. The only recent study by Sidki 
[35] described the epidemiological and molecular 
results of digital infections, specially footrot in sheep.

Therefore, this study aimed to estimate the prev-
alence of F. necrophorum and D. nodosus strains in 
footrot lesions of sheep and cattle with the identifica-
tion of dominant serogroups of D. nodosus.
Materials and Methods
Ethical approval

This study did not require official or institutional 
ethical approval. The animals were handled according 
to high ethical standards.
Study period and location

The study was conducted during mild and humid 
weather in the winter and spring of 2021 (November 
and May) in some regions of Morocco based on epide-
miological inquiries to evaluate the presence of foot-
rot in the region. This sampling period was chosen 
with regard to favorable environmental conditions for 
disease expression and transmission.
Inspection of animals

The selection criteria of farms included the pres-
ence of clinical cases of footrot, flocks with no <30 ani-
mals, and collaboration of the farmer. A total of 22 sheep 
flocks with 6430 sheep and eight cattle flocks with a 
population size of 2480 in mid-West Morocco were 
inspected for footrot lesions (Figure-1). This is a selec-
tion of representative farms with a history of footrot and 
the presence of cases at the time of visit. In all flocks 
investigated, cases of lameness were observed and 
recorded by farm staff and footrot was confirmed by the 
veterinary practitioner supervising the farms concerned.

Sample collection
All four animal feet were examined visually 

for footrot lesions and a score was assigned to each 
foot of each animal between 1 and 5 as described by 
Stewart and Claxton [36] for sheep, and by Döpfmer 
and Guggenmoos-Holzmann [37] for Cattle. A  total 
of 106 samples of pathogenic lesions were collected 
on 74 sheep and 32 cattle suspected of footrot based 
on clinical signs and with lesions scores ranging from 
2 to 4. Veterinarian performed the sample collection. 
Sheep were placed in lateral recumbency and cattle 
in foot trimming crush. Foot lesion samples were col-
lected from the interdigital skin between the horn of 
the hoof and the sensitive underlying tissue using a 
sterile cotton-tipped swab. Only one affected foot was 
sampled from each affected animal for PCR analysis.
Data collection

For each collected footrot lesion sample, the fol-
lowing information was recorded, including animal 
identification (species, sex, and age), date of sam-
pling, location of the farm, number of feet affected, 
and lesion score. In addition, a questionnaire was 
completed by the farm owner regarding herd size, 
access to pasture, history, and treatment of footrot.
DNA extraction

DNA was extracted from collected swab samples 
using a DNA extraction kit (isolate II genomic DNA 
kit, Bioline, UK). 2 mL of sterile phosphate-buffered 
saline (PBS) was added to swabs and vortexed for 
1 min. A 200 μL mixture of each swab-PBS sample 
was used for DNA extraction according to the manu-
facturer’s recommendations.

The negative and positive controls used for 
PCR were kindly provided by the ruminant’s unit of 
the Hassan II Agronomic and Veterinary Institute of 
Rabat, Morocco.
Polymerase chain reaction for the detection of 
F. necrophorum

All samples were tested for F. necrophorum, as 
described previously by Jensen et al. [38]. Briefly, the 
real-time PCR assay (quantitative PCR [qPCR]) was 
performed using 20 µL reaction mixtures containing 
10 µL of Luna Universal probe qPCR Master Mix, 2yl 
of 300 or 400 nM (final concentration) of the forward 
and reverse primer, 1 µL of 300 or 400 nM (final con-
centration) of the probe, and 5 µL of template DNA. 
Thermal cycling on a Quant Studio 1 system using the 
following amplification program, 10 min at 95°C, fol-
lowed by 45 cycles of 15 s at 95°C and 60 s at 60°C.
Dichelobacter nodosus detection

All swab samples were analyzed for D. nodo-
sus by a qPCR assay targeting the aprV2 and aprB2 
genes as described previously by Frosth et al. [2], with 
some modifications. The qPCR assay was carried out 
in 20 µL reaction mixtures containing 10 µL of Luna 
Universal probe QPCR Master Mix (Biolabs, UK), 
400 nM of each primer, 100 nM of each probe, and 4 
µL of template DNA. The performance of the qPCR 
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assay involved an initial denaturation step at 95°C for 
5  min, followed by 45  cycles of 95°C for 15  s and 
60°C for 60 s.
Serogrouping of D. nodosus

Dichelobacter nodosus serogrouping was per-
formed using the multiplex PCR of nine (A–I) sero-
group-specific primers as described previously by 
Dhungyel et al. [10]. The PCR products were analyzed 
in 2% agarose gels and visualized under ultraviolet 
illumination using an E-Box Vilber (Vilber, France).
Statistical analysis

Data analysis was performed using the Chi-
square test. Results of the prevalence of D. nodosus 
and F. necrophorum in sheep were compared with the 
results in cattle. In addition, a comparison between the 
prevalence of virulent and benign D. nodosus in cattle 
and sheep was carried out. Values of p < 0.05 were 
considered significant.
Results
Clinical observation

In total, 106 interdigital swab samples were col-
lected from 30 farms. The feet examination showed 
healthy interdigital skin (Score 0) in 6356 sheep and 
2448 cattle. Interdigital dermatitis (Scores 1 and 2) was 
found in 34 sheep and 14 cattle. There were 40 sheep 
and 18 cattle that showed a separation of hoof horn 
from the underlying dermis (Scores 3–4) (Table-1). 
Herd prevalence ranged between 0.7%–13.3% in 
sheep and 0.7%–7.5% in cattle.

Clinical observations showed that adult cattle 
(100%) and sheep (92%) were more affected by lame-
ness due to footrot lesions. All visited cattle farms had 
dairy cows with no access to pasture, whereas among 
22 sheep flocks visited, ten had access to pastures. 
Most animals sampled were affected only in one foot 

(88% in sheep and 94% in cattle). Animals with a 
score of one were not found in this study (Table-1). 
Recorded scores range from 2 to 4 in sheep and cat-
tle and the highest percentage was noted in scores 2 
and 3 regardless of species. Only a few animals were 
observed with a score of 4, or the most severe lesions 
(Table-1).
Molecular analysis

Among the 106  samples obtained from the 74 
sheep and 32 cattle and analyzed by qPCR, 89 were 
positive for either F. necrophorum, D. nodosus or both 
(84%), and 17 were negative (16%). The percentage 
of coinfections with these two bacteria was 16.2% 
in sheep and 37.5% in cattle. Out of the 89 positives 
samples, 66.3% (59/89) were positive for D. nodosus, 
6.7% (6/89) for F. necrophorum, and 27% (24/89) for 
both F. necrophorum and D. nodosus (Table-1). Out 
of the 83  samples positive for D. nodosus, virulent 
strains were detected in 56 samples (67.5%), benign 
strains in 46 samples (55.4%), and both virulent and 
benign strains were present in 19  samples (22.9%) 
(Table-1).

Among sheep, 64 of 65 samples were positive for 
D. nodosus, while only 13 of 65 samples were positive 
for F. necrophorum. In cattle, 19 of 24 samples were 
positive for D. nodosus and 17 of 24 were positive 
for F. necrophorum (Table-1). A significant difference 
was observed regarding the prevalence of D. nodosus 
(p = 0.002) and F. necrophorum (p = 0.0002) between 
sheep and cattle.

The prevalence of virulent D. nodosus (aprV2+) 
in sheep was higher than in cattle, 53.1% (34/64) ver-
sus 15.8% (3/19), respectively. In contrast, the preva-
lence of benign infection associated with D. nodosus 
(aprB2+) was lower in sheep [26.6% (17/64)] than in 
cattle [52.6% (10/19)] (Table-2). Virulent D. nodosus 

Figure-1: Geographical distribution of sites where footrot lesion samples were collected from sheep and cattle in Western 
Morocco [Source: d-maps.com].
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was statistically higher (p = 0.03) in sheep compared 
to cattle; however, benign D. nodosus was signifi-
cantly higher (p = 0.008) in cattle than sheep.

In sheep, benign D. nodosus was detected in 17 
animals with score 3, and virulent D. nodosus was 
detected in only three animals with score 4. However, 
in cattle, animals with score 4 were negative for 
D. nodosus by PCR. The three animals positive to 
ApV2+ have a score of 2 and six animals positive to 
AprB2+ have score of 3.

From the 83 positive samples for D. nodosus, 
serogroups were identified in 31 samples and showed 
the dominance of 3 serogroups (D, H, and I), with D 
dominant in sheep and H in cattle (Table-3). In sheep, 
serogroups of D. nodosus were identified in virulent 
strains. Serogroups C and A were noted only in cattle. 
Among 31 samples, 21 were positive for a single sero-
group, while ten samples were positive for more than 
one serogroup.

In sheep, serogroups of D. nodosus were detected 
in three sampled areas, first area C (66.7%), followed 
by area D (22.2%) and in the last area K (11.1%). 
In cattle, the distribution of serogroups of D. nodo-
sus serogroups was specific to three sampled areas A 
(62.5%), C (21%), and I (16.7%). Zone “C” is com-
mon between sheep and cattle.
Discussion

This study aimed to estimate the prevalence of 
strains of D. nodosus and F. necrophorum in footrot 
lesions in sheep and cattle, identification of domi-
nant serogroups of D. nodosus, and related virulence. 
However, several limitations exist in this study that 
should be addressed with future research. First, sam-
ples were not taken from healthy feet to compare bac-
teria found in diseased feet with those from healthy. 
Given that the strains are also present in not affected 
feet [26]. Second, our data come from small herds; 
hence, this study population cannot be representative 
of Moroccan herds in general.

This study showed that D. nodosus was present 
in collected samples at a rate of 78.3% versus 28.3% 
for F. necrophorum and the percentage of infection 
with only F. necrophorum was the lowest at 6.7%. 
In this study, the percentage of coinfections with two 
bacteria strains was higher in cattle than sheep.

All collected samples were taken from animals 
with lameness and footrot lesions; however, 16% of 
samples were negative for both bacteria species. An 
explanation for the negative samples was that the ani-
mals were either in a healing phase or the infection 
was due to another cause. In our study that investi-
gated pasture flocks of sheep, we found D. nodosus 
strain to be dominant, while in intensive cattle farms, 
F. necrophorum and D. nodosus were equally prev-
alent, thus suggesting that the husbandry system 
impacted the prevalence of the bacterial pathogens.

Virulent D. nodosus strains were detected in 
67.5% of positive samples, being higher in sheep Ta
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(73.4%) than in cattle (47.4%). This study shows 
the coexistence of benign and virulent strains in the 
same samples and when analyzing the prevalence 
of virulent and benign D. nodosus strains in sheep, 
73.4% of samples were associated with a virulent 
strain, while 50% of samples were associated with 
benign strain, thus demonstrating that the two bacte-
ria species coexisted in the same lesions. However, 17 
lesions were associated with the benign strain only. 
There is no correlation between the severity of lesions 
and prevalence of the clinical scores. However, in 
24 positive cattle samples, infection was associated 
more frequently with D. nodosus and F. necropho-
rum in 50%, 29.2% with D. nodosus alone, and 21% 
with F. necrophorum alone. However, in the study of 
Albuquerque et al. [39], the coinfection with both bac-
teria was associated with greater disease severity.

The results of this study detected six serogroups 
of D. nodosus (D, H, I, G, C, and A) with the dominance 
of D (48.3%), and H and I serogroups (35.5% each). 
Serogroups seem to be linked to specific geographical 
localization, but more samples and other regions need 
to be investigated to confirm this observation.

Several studies in Bhutan [14], India [15], Portugal 
[39], Australia [40], Great Britain [41], and New 
Zealand [42] reported dominance of serogroup  B of 
D. nodosus which was not present in this study. In addi-
tion, ten samples among 31 were positives for two or 
three serogroups of D. nodosus simultaneously, which 
was in agreement with other studies that reported mixed 
infection with several serogroups on a single footrot 
lesion [33, 39]. These findings provide valuable infor-
mation for developing herd-specific vaccines, which are 
made from isolated bacteria in the region and are more 
efficient than multivalent commercial vaccines [33, 42].

Footrot is a serious constraint in ruminants’ 
breeding and control by vaccination needs an in-depth 
understanding of the etiological bacterial patho-
gens circulating in each region. This study provides 
detailed information on the prevalence of D. nodosus 

and F. necrophorum associated with causes of foot-
rot among sheep and cattle in Morocco. The D. nodo-
sus virulent strain was dominant in sheep and had 
an equal prevalence of both species, D. nodosus and 
F. necrophorum strains, in cattle.
Conclusion

Overall, the findings of this study provide the 
first understanding of the bacterial causes of footrot 
in sheep and cattle in Morocco, which is critical for 
developing an effective vaccine to prevent this glob-
ally important disease.
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Table-2: The number of sheep and cattle positive for virulent (aprV2+) and benign (aprB2+) D. nodosus.

Species No. of 
samples

Positive to 
D. nodosus

Prevalence AprV2+ Prevalence AprB2+ Prevalence Mixt AprV2+ 
AprB2+

Prevalence

Sheep 74 64 86.5%  
(p = 0.02)

34 53.1%  
(p = 0.03)

17 26.6% 13 20.3%

Cattle 32 19 59.3% 3 15.8% 10 52.6%  
(p = 0.008)

6 31.6%

Total 106 83 78.3% 37 44.6% 27 32.5% 19 22.9%

D. nodosus=Dichelobacter nodosus

Table-3: Distribution of D. nodosus serogroups in sheep and cattle.

Species Number Serogroups

D H I G C A D+H H+I D+G C+H A+C+D

Sheep 16 9 2 6 1 0 0 0 1 1 0 0
Cattle 15 6 9 5 1 2 1 3 2 1 1 1
Total 31 15 11 11 2 2 1 3 3 2 1 1

D. nodosus=Dichelobacter nodosus



Veterinary World, EISSN: 2231-0916� 673

Available at www.veterinaryworld.org/Vol.16/April-2023/1.pdf

References
1.	 Clifton, R., Giebel, K., Liu, N.L.B.H., Purdy, K.J. and 

Green, L.E. (2019) Sites of persistence of Fusobacterium 
necrophorum and Dichelobacter nodosus: A paradigm shift 
in understanding the epidemiology of footrot in sheep. Sci. 
Rep., 9(1): 14429.

2.	 Frosth, S., König, U., Nyman, A.K., Pringle, M. and 
Aspan, A. (2015) Characterisation of Dichelobacter nodo-
sus and detection of Fusobacterium necrophorum and 
Treponema spp. In sheep with different clinical manifesta-
tions of footrot. Vet. Microbiol., 179(1–2): 82–90.

3.	 Clifton, R. and Green, L. (2016) Pathogenesis of ovine foot-
rot disease: A complex picture. Vet. Rec., 179(9): 225–227.

4.	 Angell, J.W., Grove-White, D.H. and Duncan, J.S. (2018) 
Sheep and farm level factors associated with footrot: A lon-
gitudinal repeated cross-sectional study of sheep on six 
farms in the UK. Vet. Rec., 182(10): 293.

5.	 Ardüser, F., Moore-Jones, G., Brawand, S.G., Dürr, S., 
Steiner, A., Ryser-Degiorgis, M.P. and Zanolari, P. (2020) 
Dichelobacter nodosus in sheep, cattle, goats and South 
American camelids in Switzerland-Assessing prevalence in 
potential hosts in order to design targeted disease control 
measures. Prev. Vet. Med., 178: 104688.

6.	 Kuhnert, P., Cippa, V., Hardi-Landerer, M.C., Schmicke, M., 
Ulbrich, S., Locher, I., Steiner, A. and Jores, J. (2019) Early 
infection dynamics of Dichelobacter nodosus during an 
ovine experimental footrot in contact infection. Schweiz. 
Arch. Tierheilkd., 161(7): 465–472.

7.	 Haben, F. (2021) Ovine footrot and its clinical management. 
Vet. Med. (Auckl), 12: 95–99.

8.	 Blanchard, A.M., Jolley, K.A., Maiden, M.C.J., 
Coffey, T.J., Maboni, G., Staley, C.E., Bollard, N.J., 
Warry, A., Emes, R.D. and Davies, P.L. (2018) The 
applied development of a tiered multilocus sequence typ-
ing (MLST) scheme for Dichelobacter nodosus. Front. 
Microbiol., 9: 551.

9.	 Locher, I., Giger, L., Frosth, S., Kuhnert, P. and Steiner, A. 
(2018) Potential transmission routes of Dichelobacter nodo-
sus. Vet. Microbiol., 218: 20–24.

10.	 Dhungyel, O.P., Whittington, R.J. and Egerton, J.R. 
(2002) Serogroup specific single and multiplex PCR with 
pre-enrichment culture and immuno-magnetic bead capture 
for identifying strains of D. nodosus in sheep with footrot 
prior to vaccination. Mol. Cell. Probes, 16(4): 285–296.

11.	 Best, N., Gwozdz, J., Suter, R., Rawlin, G. and Beddoe, T. 
(2018) Direct serogrouping of Dichelobacter nodosus from 
Victorian farms using conventional multiplex polymerase 
chain reaction. BMC Res. Notes, 11(1): 108.

12.	 Xiao, J., Sun, D. and Wang, H. (2017) Effects of 
Fusobacterium necrophorum on pathogenesis and potential 
disease-associated factors in plasma in cattle with footrot. 
Br. Biomed. Bull., 5: 299.

13.	 Wassink, G.J., Grogono-Thomas, R., Moore, L.J. and 
Green, L.E. (2003) Risk factors associated with the prev-
alence of footrot in sheep from 1999 to 2000. Vet. Rec., 
152(12): 351–358.

14.	 Gurung, R.B., Tshering, P., Dhungyel, O.P. and Egerton, J.R. 
(2006) Distribution and prevalence of footrot in Bhutan. 
Vet. J., 171(2): 346–351.

15.	 Sreenivasulu, D., Vijayalakshmi, S., Raniprameela, D., 
Karthik, A., Wani, S.A. and Hussain, I. (2013) Prevalence 
of ovine footrot in the tropical climate of Southern India 
and isolation and characterisation of Dichelobacter nodo-
sus. Rev. Sci. Tech., 32(3): 869–877.

16.	 Wani, S.A., Farooq, S., Kashoo, Z.A., Hussain, I., 
Bhat, M.A., Rather, M.A. and Aalamgeer, S. (2019) 
Determination of prevalence, serological diversity, and vir-
ulence of Dichelobacter nodosus in ovine footrot with iden-
tification of its predominant serotype as a potential vaccine 
candidate in J&K, India. Trop. Anim. Health Prod., 51(5): 
1089–1095.

17.	 Wani, S.A., Samanta, I. and Kawoosa, S. (2007) Isolation 
and characterization of Dichelobacter nodosus from ovine 
and caprine footrot in Kashmir, India. Res. Vet. Sci., 83(2): 
141–144.

18.	 König, U., Nyman, A.K.J. and de Verdier, K. (2011) 
Prevalence of footrot in Swedish slaughter lambs. Acta Vet. 
Scand., 53(1): 27.

19.	 Storms, J., Wirth, A., Vasiliadis, D., Brodard, I., Hamann-
Thölken, A., Ambros, C., Moog, U., Jores, J., Kuhnert, P. 
and Distl, O. (2021) Prevalence of Dichelobacter nodosu-
sand ovine footrot in German sheep flocks. Animals (Basel), 
11(4): 1102.

20.	 Haq, M., Rahman, M., Rana, S., Khatun, M. and 
Samaddar, K. (2014) Prevalence of ovine footrot in chars 
(shoals) of Mymensingh. Bangladesh Vet., 31(2): 74–78.

21.	 Dendani-Chadi, Z., Saidani, K., Dib, L., Zeroual, F., 
Sammar, F. and Benakhla, A. (2020) Univariate associ-
ations between housing, management, and facility design 
factors and the prevalence of lameness lesions in 14 small-
scale dairy farms in Northeastern Algeria. Vet. World, 13(3): 
570–578.

22.	 Härdi-Landerer, M.C., Stoffel, A., Dürr, S. and Steiner, A. 
(2019) Footbath as treatment of footrot in sheep. Current 
situation on Swiss sheep farms. Schweiz. Arch. Tierheilkd., 
161(6): 377–386.

23.	 Best, N., Menendez, R., Rawlin, G., Suter, R., Rodoni, B. 
and Beddoe, T. (2020) The consequences of stigma for 
knowledge production: Sheep producers’ attitudes to footrot 
diagnostics and control in Australia. Front. Vet. Sci., 7: 354.

24.	 Prosser, N.S., Purdy, K.J. and Green, L.E. (2019) Increase 
in the flock prevalence of lameness in ewes is associated 
with a reduction in farmers using evidence-based manage-
ment of prompt treatment: A  longitudinal observational 
study of 154 English sheep flocks 2013–2015. Prev. Vet. 
Med., 173: 104801.

25.	 Gelasakis, A.I., Kalogianni, A.I. and Bossis, I. (2019) 
Aetiology, risk factors, diagnosis and control of foot-related 
lameness in dairy sheep. Animals (Basel), 9(8): 509.

26.	 Kraft, A.F., Strobel, H., Hilke, J., Steiner, A. and Kuhnert, P. 
(2020) The prevalence of Dichelobacter nodosus in clini-
cally footrot-free sheep flocks: A comparative field study on 
elimination strategies. BMC Vet. Res., 16(1): 21.

27.	 Hamel, D., Knaus, M., Richard-Mazet, A., Kley, K., 
Kellermann, M., Huang, R. and Rehbein, S. (2022) 
Gamithromycin in sheep: Pharmacokinetics and clinical 
evaluation against ovine footrot. Res. Vet. Sci., 142: 94–100.

28.	 Zanolari, P., Dürr, S., Jores, J., Steiner, A. and Kuhnert, P. 
(2021) Ovine footrot: A review of current knowledge. Vet. 
J., 271: 105647.

29.	 Best, C.M., Roden, J., Pyatt, A.Z., Behnke, M. and 
Phillip, K. (2020) Uptake of the lameness five-point plan 
and its association with farmer-reported lameness prev-
alence: A cross-sectional study of 532 UK sheep farmers. 
Prev. Vet. Med., 181: 105064.

30.	 Smith, K.J., Whittington, R.J., Corrigan, M.A., 
Edmonstone, B.I., Cronin, N.A., Dhand, N.K. and 
Dhungyel. O.P. (2022) Efficacy of bivalent fimbrial vac-
cines to control and eliminate intermediate forms of footrot 
in sheep. Aust. Vet. J., 100(3): 121–129.

31.	 Smith, K., Whittington, R.J., Green, A.C., Dhand, N.K., 
Moses, A., Grove, A., Thane, T. and Dhungyel, O.P. (2022) 
A survey to understand farmers’ perceptions and risk factors 
for hoof diseases including footrot in sheep in New South 
Wales, Australia. Front. Vet. Sci., 9: 1000295.

32.	 NSW, DPI. (2017) Footrot and Specific Strain Vaccine. 
NSW Government, Department of Primary Industry, 
Australia.

33.	 McPherson, A.S., Dhungyel, O.P. and Whittington, R.J. 
(2018) Detection and serogrouping of Dichelobacter nodo-
sus infection by use of direct PCR from lesion swabs to 
support outbreak-specific vaccination for virulent footrot in 
sheep. J. Clin. Microbiol., 56(4): e01730–17.



Veterinary World, EISSN: 2231-0916� 674

Available at www.veterinaryworld.org/Vol.16/April-2023/1.pdf

34.	 Dhungyel, O., Schiller, N., Eppleston, J., Lehmann, D., 
Nilon, P., Ewers, A. and Whittington, R. (2013) Outbreak-
specific monovalent/bivalent vaccination to control 
and eradicate virulent ovine footrot. Vaccine, 31(13): 
1701–1706.

35.	 Sidki, H. (2017) Etude épidémio-moléculaire des maladies 
infectieuses digitées chez les petits ruminants au Maroc.142.

36.	 Stewart, D.J. and Claxton, P. (1993) Ovine foot rot: Clinical 
diagnosis and bacteriology. In: Corner, L.A. and Bagust, T.J., 
editors. Australian Standard Diagnostic Techniques for Animal 
Diseases. CSIRO Publications, Victoria, Australia. p1–27.

37.	 Döpfmer, S. and Guggenmoos-Holzmann, I. (1997) Meta-
analyse. Dtsch. Med. Wochenschr, 122(18): 589–593.

38.	 Jensen, A., Kristensen, L.H. and Prag, J. (2007) Detection of 
Fusobacterium necrophorum subsp. Funduliforme in ton-
sillitis in young adults by real-time PCR. Clin. Microbiol. 

Infect., 13(7): 695–701.
39.	 Albuquerque, C., Cavaco, S., Caetano, P., Branco, S., 

Monteiro, H., Ramos, M., Chimenos, A.U., Leão, C. and 
Botelho, A. (2022) Ovine footrot in Southern Portugal: 
Detection of Dichelobacter nodosus and Fusobacterium 
necrophorum in sheep with different lesion scores. Vet. 
Microbiol., 266: 109339.

40.	 Claxton, P.D., Ribeiro, L.A. and Egerton, J.R. (1983) 
Classification of Bacteroides nodosus by agglutination test. 
Aust. Vet. J., 60(11): 331–334.

41.	 Hindmarsh, F. and Fraser, J. (1985) Serogrouping of 
Bacteroides nodosus isolated from ovine footrot in Britain. 
Vet. Rec., 116(7): 187–188.

42.	 Caetano, B., Bettencourt, E.V. and Branco, S. (2018) 
Reviewing foorot in sheep. J. Vet. Sci. Anim. Husb., 6(4): 
405–413.

********


