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The Mediterranean climate region of Alentejo in the Southern of Portugal is an important sheep production
centre but little is known about the presence and characteristics of Dichelobacter nodosus in association with
Fusobacterium necrophorum in the different footrot lesion scores. DNA from 261 interdigital biopsy samples, taken
from 14 footrot affected flocks and from three non-affected flocks, were analysed for the presence of D. nodosus
and F. necrophorum by real-time PCR. Both virulence and serogroup were determined for 132 and 53 D. nodosus
positive biopsy samples, respectively. The co-infection with both bacteria was the commonest epidemiological

finding associated with a greater disease severity. There was a statistically significant association (p = 0.002)
between footrot-affected flocks and the presence of D. nodosus. Most D. nodosus positive samples were virulent
(96.2 %) and belonged to serogroup B (90 %).

1. Introduction

Ovine footrot, due to Dichelobacter nodosus infection, is a highly
contagious necrotic disease that affects hooves, with extensive economic
impacts in the wool and meat industries. Disease begins as an inter-
digital dermatitis (ID), which may then progress to separation of the
hoof horn from the underlying epidermis causing severe footrot (SFR)
(Witcomb et al., 2015). The only published study in Portugal on ovine
footrot was in the Alentejo region (Jiménez et al., 2003), an important
Merino breed production centre, accounting for 60 % of the sheep
production in Portugal (Direcao-Geral de Alimentacao e Veterinaria -
DGAV, 2019). Fusobacterium necrophorum has been suggested as a sec-
ondary pathogen in footrot development and, probably, in the increase
of disease severity (Witcomb et al., 2014).

For the detection of these bacteria several nucleic acid based
methods, more rapid and sensitive than culture, have been developed,
namely PCR targeting the 16S rRNA gene (Frosth et al., 2012),

The thermostable AprV2 acidic protease, coded by aprV2 gene, is
found in D. nodosus virulent strains while the thermolabile AprB2 acidic
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protease, coded by the homologous gene aprB2, is found in benign
strains (Kennan et al., 2010; Stauble et al., 2014a).

Ten serogroups (A-I and M)) have been identified in D. nodosus
(Dhungyel et al., 2002; Ghimire et al., 1998) based on variations in the
carboxy-terminal region of the IV fimbriae subunit, and a
serogroup-specific PCR assay (Dhungyel et al., 2002) targeting the fimA
gene can discriminate nine serogroups (A-I). The identification of the
predominant serogroups is the first step towards better control of the
disease, through the use of both adequate prophylactic vaccines and
improved biosafety measures. Additionally, prophylactic vaccines have
been considered an adequate approach to footrot prevention and
flock-specific vaccines has been proposed as a more efficient alternative
to the multivalent commercial vaccines (Caetano et al., 2018). This work
aims to detect D. nodosus and F. necrophorum in Alentejo sheep flocks,
with different ovine footrot lesion scores, and to characterize D nodosus
with respect to virulence and serogroup.
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2. Materials and methods
2.1. Sheep flocks and sampling procedure

From 13 different geographical counties in the Southern Portuguese
Alentejo region (Fig. 1), 17 sheep flocks of crossbreed Merino, were
selected among 689 flocks, based on epidemiological inquires to eval-
uate the presence of footrot in the region. The selection criteria included
presence of clinical cases of footrot in the last 2 years; flocks with no less
than 100 autochtone cross bread Merino sheep; no treatment for footrot
within the last 30 days before sampling; availability and collaboration of
the farmer. The four sheep feet were examined for footrot lesions by
three DVM with large experience and training in this clinical diagnostic.
Based on the Modified Egerton System (Buller and Eamens, 2014) the
lesions were scored from 0 to 5, according to the extent of the lesion, as
follows: score 0 - normal foot with no lesions; score 1 - limited inter-
digital dermatitis; score 2 - more extensive interdigital dermatitis
involving part or all of the soft horn; score 3 - more extensive interdigital
dermatitis with separation at the skin horn junction, extending across
the heel or sole; score 4 - separation at the skin horn junction extending
to the walls and outside edge of the foot; score 5 - necrotic inflammation
of the deeper tissue with separation of hard horn of the foot.

Interdigital skin punch biopsies (n = 261) were collected from one
foot of each animal, using disposable sterile Biopsy Punches (6 mm
diameter) as described by Witcomb et al., 2015. Chlorhexidine solution
(10 mg/mL) and lidocaine (Anestesin®) were applied, respectively, for
local cleaning and anaesthesia. From each lesion scores the following
samples were collected: score O n = 84, score 1 n = 48, score 2 n = 49,
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score 3 n = 59, score 4 n = 19 and score 5 n = 2. Samples were
immediately frozen in liquid nitrogen and kept at -20 °C until being
processed.

The 17 flocks, identified from A to Q, were classified in four cate-
gories (1-4) according to the criteria of Frosth et al., 2015: category 1 -
majority of animals with score 0 and no animal with score above 1;
category 2 - predominance of animals with score 1 and no animal with
score above 1; category 3 - at least one animal with score 2; category 4 -
at least one animal with score 3. Symbols representing each flock cate-
gory are indicated in Fig. 1.

2.2. Reference strains

The reference strains D. nodosus CCUG 27824T and F. necrophorum
subsp. necrophorum CCUG 9994 T (Culture Collection University of
Gothenburg, Sweden) were used as controls. Nine D. nodosus DNA
samples from serogroups A to I, used as positive controls in the sero-
grouping assays, were acquired to Dr. O. P. Dhungyel, University of
Sydney, Australia.

2.3. Detection of D. nodosus and F. necrophorum DNA in biopsy samples
by real time PCR

DNA was extracted, from 25 mg of 261 biopsy samples, using
QIAamp® cador® Pathogen Mini Kit + T2 pre-treatment (Qiagen no.
50214) according to manufacturer instructions.

Detection and identification of D. nodosus and F. necrophorum was
performed by real time PCR targeting, respectively, 16S rRNA (Frosth
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Fig. 1. Location of the 17 studied flocks in the 13 selected counties of the Alentejo region. Identification of flocks (A to Q), number of sheep tested and symbol
correspondent to the flock category (1 to 4) are indicated on the top of each pie graph that marks the location of the flock. The size of this pie graph is proportional to
the number of animals tested in each flock and shades of sectors corresponds to the percentage of bacterial detection (none, only Dichelobacter nodosus, only
Fusobacterium necrophorum or both), according to information on the right end corner of the map.
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et al., 2012) and rpoB (Witcomb et al., 2014) genes, according to au-
thor’s description, using a Bio-Rad CFX96 system and QuantiFast
Pathogen Master Mix (Qiagen no. 211354).

2.4. Determination of D. nodosus virulence

D. nodosus positive biopsy samples were analysed by competitive
real-time PCR method targeting the aprV2/B2 gene, according to Stauble
et al. (2014a), to discriminate between benign and virulent de-
terminants. Sanger sequencing of a PCR amplified aprV2/B2 fragment of
436 bp (Stauble et al., 2014b) was performed (GATC, Eurofins Geno-
mics) to confirm the real-time PCR results.

Sequences identity matching was carried out using Basic Local
Alignment Search Tool (BLAST) (blast.ncbi.nih.gov/Blast.cgi) and edi-
ted with the BioEdit Sequence Alignment Editor (Ibis Therapeutics,
Carlsbad, USA) (Hall, 1999). The ClustalX2 software (Conway Institute
UCD Dublin, Ireland) was used to align sequences against the reference
aprV2 nucleotide sequence from the virulent strain A198 (accession no.
L38395) and the reference aprB2 nucleotide sequence from the benign
strain C305 obtained from GenBank (accession no. FN674446).

2.5. Determination of D. nodosus serogroups

To determine serogroup affinity (A-I), a multiplex PCR system tar-
geting the fimA gene, described by Dhungyel et al. (2002), was per-
formed, on positive D. nodosus biopsy samples, selected in each flock
from sheep with lesion scores 1-5. A forward primer, common to all nine
serogroups, and nine reverse primers, specific to each serogroup were
used. Combinations of three serogroup specific reverse primers (ABC,
DEF or GHI) were used in each multiplex PCR as suggested by Dhungyel
et al. (2002). The reactions were carried out in a Biometra TOne Ther-
mal Cycler (Analytik Jena, US) using the same conditions as described
by the same authors. PCR products were visualized through 2 % (w/v)
agarose gel electrophoresis at 100 V for 60 min and imaging collected
using the UVP BioDoc-It® Imaging System (Analytik Jena, US).

2.6. Statistical analysis

Descriptive statistic was used to calculate proportions of different
bacterial findings at flock and individual levels. These were performed
using Microsoft Excel for Office 365. Fisher’s Exact Test was used to
analyse the connections between flock categories (1-4) and D. nodosus
and F. necrophorum presence (yes/no). This test was performed using
IBM SPSS Statistics for Windows, version 26.0 (Armonk, NY: IBM Corp).
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2.7. Geospatial analysis

To display, explore and edit GIS datasets of the studied region, to
assigned symbols and to create map layouts about the distribution and
characteristics of footrot within each flock geographic region, ArcMAP
software version 10.8.1 (ArcGIS) was used.

3. Results
3.1. Detection of D. nodosus and F. necrophorum DNA in biopsy samples

Considering a cycling threshold (Ct) <40 the cut-off value for the
presence of D. nodosus or F. necrophorum, the Ct values of positive
samples ranged between 31.28 and 39.31. Samples with a lesion score
1-5 showed always the presence of both D.nodosus and F. necrophorum
(Fig. 2), with a predominance that ranged from 25 % in lesion score
1-100 % in lesion score 5, corresponding to severe footrot (SFR).
D. nodosus alone was detected on 1.2 % of healthy feet, 25.5 % average
of feet with interdigital dermatitis ID (scores 1 and 2) and 21.5 %
average of feet with more severe footrot lesions (scores 3 and 4). F
necrophorum alone was detected in 21.4 % of healthy feet, 9.2 % average
of feet with ID (scores 1 and 2) and 8.86 % average of feet with more
severe footrot lesions (scores 3 and 4). F. necrophorum was present in a
lower percentage (6.9 %) than D. nodosus (24.1 %) in lesion score 3, but
had the same percentage as D. nodosus in lesion score 4 (15.8 %) (Fig. 2).

Considering the flock (Fig. 1) category from O to 4, D. nodosus was
detected only in severe footrot-affected flocks (categories 3 and 4)
showing a significant association (p = 0.002) between footrot and the
presence of this bacteria. On the other hand, F. necrophorum was
detected in both footrot-affected flocks (categories 3 and 4) and in
clinically healthy flocks (categories 1 and 2) and there was no significant
association between flock category and detection of this bacteria (p =
0.294).

The flocks with higher F. necrophorum infection rate (Fig. 1) were
flocks N (100 %), F (69 %), L (69 %), and G (68 %) and the ones with
lower infection rate were flocks D (0 %), C (9 %), J (7 %) and I (17 %).
D. nodosus was present in all but two locations (Alandroal and Moura) of
the 13 studied counties (Fig. 1), with the highest presence in Almodovar
(83 %), Portel (72.4 %) and Evora (68 %).

3.2. D. nodosus virulence and serogroup

From the total of 132 D. nodosus positive biopsy samples, 127 (96.2
%) revealed the presence of the aprV2 gene, coding for the thermostable
AprV2 protein that is considered to confer virulence. This result was
confirmed by sequencing the 436 bp amplified fragment of this gene. In
five samples no amplification was obtained.

Fig. 2. Presence of Dichelobacter nodosus, Fusobacterium nec-
rophorum or both bacteria in the different footrot lesion scores
0 to 5: score 0 — healthy foot with no lesions; score 1 - limited
interdigital dermatitis; score 2 - more extensive interdigital
dermatitis; score 3 - more extensive interdigital dermatitis with
separation at the skin horn junction; score 4 - separation at the
skin horn junction extending to the walls and outside edge of
the foot; score 5 - necrotic inflammation of the deeper tissue
with separation of hard horn of the foot.
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Serogroups B (90 %), C (5 %) and F (5 %) were identified in 19 out of
53 D. nodosus positive biopsy samples.

4. Discussion

The population pattern of D. nodosus, along with the presence of
F. necrophorum, were analysed with respect to the different footrot lesion
scores observed in sheep from the Alentejo region. From our results the
percentage of co-infections with these two bacteria increased from score
3 to 5, while in the absence of lesions (healthy feet - score 0)
F. necrophorum predominated. An increase of D nodosus was observed
from mild lesions (scores 1 and 2) to more severe lesions. Besides, in
healthy feet (score 0) the low D. nodosus detection (4 %) and the high
F. necrophorum detection (24 %) suggests that this latter bacterium may
not have the ability to cause the disease, what corroborates previous
observations (Roberts and Egerton, 1969; Witcomb et al., 2014).

Analysis at the flock level confirms these findings. All category 4
flocks present co-infection with D. nodosus and F. necrophorum, while in
category 1, 2 and 3 flocks (flocks D/4, J/14, 1/6, C/11 and Q/7) co-
infection with D. nodosus and F. necrophorum was not observed. Apart
from healthy flock D, category 1 or 2 flocks I, J and Q, were only infected
with F. necrophorum. These flocks could benefit from bio sanitary mea-
sures to avoid infection with D. nodosus and the progression to footrot
(Caetano et al., 2018). It seems that hotspots of footrot exist in the
surrounding area of Evora (flocks N, F and L) since the highest per-
centage of D. nodosus/F. necrophorum co-infection was detected there.
The average temperature and precipitation in the Alentejo region, when
samples were collected, varied between 15.5-16.5 °C and 548-701.3
mm/m?, respectively (Caetano, P., personal information). Serpa (flocks
C and D), Moura (flock Q) and Alandroal (flock I) were the driest
counties and, as expected, also the ones less infected, since wet condi-
tions favours the development of footrot. In fact, the best environmental
conditions for the development of the disease are warm and wet climate
(Muzafar et al., 2016), as occurred in Evora (flock N), Portel (flock F)
and Alvito (flock L) counties with an average temperature and precipi-
tation of 15.5 °C and 701.3 mm/m?, respectively.

Most D. nodosus positive biopsy samples tested were virulent (96.2
%), as expected since they were from affected sheep with footrot lesion
scores 1-5, and 19 out of 53 belonged to the serogroup B. The serogroup
of 34 D. nodosus positive biopsy samples were undetermined using the
multiplex PCR, possibly because they belong to the serogroup M or to
another yet unknown serogroup not targeted in this PCR. Serogroup B
was also the most frequently found in New Zealand, United Kingdom
and India (Caetano et al., 2018; Wani et al., 2019). However, in nearby
Spain serogroups A and C were the most commonly detected by slide
microagglutination technique (Hurtado et al., 1998). In Alto Alentejo
region (Montemor-o-Novo, Evora, Alandroal counties and above)
Jiménez et al. (2003), using the microagglutination technique, identi-
fied, predominantly, serogroups D, F and I (14.5 % each), while in this
region we identified serogroups B and C. The only common serogroups
identified in both works were serogroups D and F in flock F located in
Portel, Baixo Alentejo. The existence of more than one serogroup in the
same flock was frequent, with the exception of flocks M, N and O with
single serogroups. These findings provide valuable information for the
development of immunoprophylactic methods, such as herd-specific
vaccines, which are made from the isolated microorganisms in the re-
gion and are more efficient than multivalent commercial vaccines
(Caetano et al., 2018).
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