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Bovine digital dermatitis (BDD) is a polybacterial claw disease that is endemic to dairy
cattle kept in loose house systems, and treponemas are the main bacteria implicated in this
disease. The objective of this study was to report the occurrence of Treponema spp. in BDD
from crossbred dairy cattle (Holstein x Zebu) kept in a pasture in the Brazilian Amazon
biome. The diagnostic of BDD was performed by inspecting the distal extremities of cattle
during milking in one or more visits comprising 15 farms. In total, it could be inspected
1,847 cows from August 2016 to July 2017, and 25 lesions of BDD were diagnosed. The
feet were scored (System M: M0 = no lesion, M1 = ulcer stage <2cm, M2 = ulcer stage >2cm,
M3 = healing stage, M4 = chronic stage, M4.1 = chronic stage with ulcer area). Twenty four
biopsy samples were taken from feet with BDD and five biopsy samples from feet with no
lesions. The histopathology of stained tissues was performed by hematoxylin and eosin and
Warthin-Starry method. The samples were also tested by nested PCR for the three previously
isolated BDD Treponema phylogroups (T. medium/T. vincentii-like, T. phagedenis-like and T.
putidum/T. denticola-like). Spirochetes were observed in 54.2% (13/24) of the lesions, and
in 91.7% (22/24) of the samples were detected the DNA of this spirochete belonging to the
treponema phylogroups implicated in BDD. In 25% (6/24) of the lesions were detected all
the phylogroups. Forty percent (40%, 2/5) of the M0 samples were also positive for the
nested Polymerase Chain Reaction (nested-PCR), as 8.3% (2/24) of the lesions were negative
in both techniques employed. Treponema putidum/T. denticola-like was the most detected
bacterial in all the stages, and active lesions (M2 and M4.1) presented a greater proportion of
T. medium/T. vincentii-like and T. phagedenis-like, but no statistical differences were observed
(p>0.05). It could be concluded that BDD lesions in crossbred dairy cattle kept to pasture
in the Amazon biome were classified as “polytreponemal” infections and the phylogroup T.
putidum/T. denticola-like was the most frequent in the lesions.
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RESUMO.- [Detecção de Treponema spp. em dermatite
digital bovina no bioma amazônico, Brasil.] Dermatite
digital bovina (DDB) é uma enfermidade polibacteriana dos
dígitos endêmica em vacas leiteiras criadas em estábulos e
as treponemas são as principais bactérias envolvidas. Este
estudo teve como objetivo relatar a ocorrência de Treponema
spp. em DDB em bovinos leiteiros mestiços (Holandês x Zebu)
criados a pasto no bioma amazônico brasileiro. O diagnóstico
da DDB foi realizado pela inspeção, em uma ou mais visitas,
das extremidades distais das vacas durante a ordenha em
15 propriedades. No total, foram inspecionadas 1.847 vacas
de agosto de 2016 a julho de 2017 e diagnosticou-se 25
lesões de DDB. As extremidades distais inspecionadas foram
classificadas em escores (M0 = sem lesão, M1 = estágio
ulcerado <2cm, M2 = estágio ulcerado >2cm, M3 = estágio em
cicatrização, M4 = estágio crônico, M4.1 = estágio crônico com
área ulcerada) e realizada 24 biópsias de dígitos com DDB
e cinco biópsias de dígitos em estágio M0. Foram realizadas
a histopatologia pelas colorações de hematoxilina e eosina
e pelo método de Warthin-Starry, e a nested de reação em
cadeia de polimerase (nested-PCR) para os três filogrupos
de treponemas previamente isolados de DDB (Treponema
medium/T. vincentii-like, T. phagedenis-like e T. putidum/T.
denticola-like). Espiroquetas foram observadas em 54,2%
(13/24) das lesões e em 91,7% (22/24) detectou-se o DNA de,
pelo menos, um dos filogrupos de treponemas pesquisados.
Em 25% (6/24) das lesões foram detectados o DNA dos três
filogrupos. Em 40% (2/5) das amostras em estágio M0 também
foram positivas na nested-PCR, assim como 8,3% (2/24) das
lesões foram negativas em ambas as técnicas empregadas. T.
putidum/T. denticola-like foi o filogrupo mais detectado em
todos os estágios e lesões ativas (M2 e M4.1) apresentaram
uma maior proporção para Treponema medium/T. vincentii-like
e T. phagedenis-like, mas não se obteve diferença estatística
na ocorrência dos filogrupos entre os estágios das lesões
(P>0,05). Conclui-se que lesões de DDB em rebanhos leiteiros
mestiços criados a pasto no bioma amazônico brasileiro são
“politreponemais” e o filogrupo T. putidum/T. denticola-like
é o mais frequente nas lesões.
TERMOS DE INDEXAÇÃO: Treponema spp., dermatite digital bovina,
Amazônia, doença de Mortellaro, Warthin-Starry, nested-PCR, Brasil,
bovinos.

INTRODUCTION

Bovine digital dermatitis (BDD) is an infectious disease
characterized by inflammation and ulceration of the skin of
bovine digits, and also associated with different bacterial
agents (Cheli & Mortellaro 1974, Santos et al. 2011, Krull et al.
2014). In the BDD lesions, the spirochetes which are bacteria
of the genus Mycoplasma, Fusobacterium, Porphyromonas,
Bacteroides spp., Campylobacter spp. have been isolated, as
well as the species of Guggenheimella bovis and Dichelobacter
nodosus (Döpfer et al. 1997, Schlafer et al. 2008, Rasmussen et
al. 2012, Krull et al. 2014, Nielsen et al. 2016). Among these,
spirochetes are the bacterial agents which are the most related
to the disease, since they are detected in more significant
proportions and found in deeper layers of the epidermis,
these bacterial agents also have the ability to suppress
the innate immune system and to induce the formation of
lesions (Stamm et al. 2002, Cruz et al. 2005, Zuerner et al.
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2007, Klitgaard et al. 2008, Nordhoff et al. 2008, Nielsen et al.
2016). According to molecular studies, Treponema is the most
important genus of spirochetes isolated from BDD consisting
of various strains, which characterizes a “polytreponemal”
disease (Evans et al. 2008, Klitgaard et al. 2008, Krull et al.
2014, Nielsen et al. 2016).
The BDD is a common foot condition in dairy cows
reared in a free-stall farming system in England, Germany,
United States of America (USA), and Japan (Evans et al. 2008,
Klitgaard et al. 2008, Nordhoff et al. 2008, Yano et al. 2010). In
these countries, three different Treponema phylogroups are
commonly identified in BDD lesions, such as: “T. medium/T.
vincentti-like”, “T. phagedenis-like” and “T. pudidum/T. denticolalike” (Evans et al. 2008, Yano et al. 2010, Döpfer et al. 2012,
Marcatili et al. 2016). These bacterial phylogroups are also
isolated from BDD in beef cattle (Sullivan et al. 2013), sheep
(Sullivan et al. 2015a), goats (Sullivan et al. 2015b), and in
North American elk (Clegg et al. 2015).
In Brazil, BDD is a disease that occurs in cattle herds that
may be raised under three different management systems
(intensive, semi-intensive, or extensive practices) in their
different regions, but with different rates of occurrence. Among
foot lesions diagnosed in dairy cows, BDD comprised 38.9%
of this disease in the state of Goiás (GO) (Silva et al. 2001),
33% in the state of Minas Gerais (MG) (Moreira et al. 2018a),
29.9% in the state of Rio Grande do Sul (RS) (Cruz et al. 2001)
and 0.92% in the state of Pará (PA) (Silveira et al. 2009).
However, studies related to bacterial agents in lesions are still
limited. In dairy cows and beef cattle raised in the Midwest
and South regions, the presence of spirochetes in stained
tissues performed by silver has already been demonstrated
(Cruz et al. 2005, Castro et al. 2008), as well as different
species of the Treponema genus by using the fluorescent in
situ hybridization (FISH) technique and by the nested-PCR
(Nascimento et al. 2015, Moreira et al. 2018b).
In the Brazilian Amazon biome (northern region), the
climatic conditions and territorial extension favor cattlebreeding on pasture land all year long, and it can be noted
that the BDD is reported in dairy and beef cattle (Silveira et al.
2009, Silveira et al. 2018). It is important to note, it seems that
there are no studies related to the bacterial agents involved.
This study aimed to demonstrate Treponema spp. in BDD
lesions observed in histological fragments using the silver
impregnation technique and complemented by nested-PCR
in dairy cattle herds, raised on pasture in the Amazon biome.

MATERIALS AND METHODS

Study region, diagnosis, lesion classification, and biopsies.
A search for Treponema spp. through silver impregnation was
performed and also complemented by nested-PCR in BDD lesions in
crossbred dairy cattle (Holstein x Zebu) bred on pastures of Urochloa
(Brachiaria) brizantha in southeastern Pará and western Maranhão,
situated at the Amazon biome, from August 2016 to July 2017. 1,847
cattle from 15 rural properties were inspected in one or more visits,
and 25 BDD lesions were diagnosed. The lesions were classified as
follows: M1 = skin in an ulcer stage, diameter <2cm; M2 = skin in an
ulcer stage >2cm; M3 = skin in a healing stage, covered by a crust; M4
= skin in a chronic stage, hyperkeratotic surface; and M4.1 = chronic
stage skin with an ulcer area (Döpfer et al. 1997, Berry et al. 2012).
Twenty-four biopsies of BDD and five digits were performed in stage
M0. From the lesions and digits in stage M0 (digit without injury),
Pesq. Vet. Bras. 40(6):430-437, June 2020
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two fragments were collected, approximately 0.5cm each, after
anesthesia of the distal and by intravenous Bier block, with 20ml of
2% lidocaine. Regarding the BDD lesions, the first fragment, obtained
with a scalpel blade and anatomical forceps, clean and sterile, was
removed from the center of the lesions. In stage M4.1, the fragment
was extracted from the ulcer area. These biopsies were stored in
polyethylene tubes, previously identified, and kept at -20oC until
laboratory procedures for molecular biology were performed. The
second fragment, removed from the intersection of normal skin and
the center of the lesion, was fixed in 10% buffered formaldehyde. In
the digits of stage M0, both biopsies were performed at the caudal
border of the pelvic limbs in the interdigital commissure, following
the same procedures for collecting the lesions.
Histopathology. Samples fixed in formaldehyde were processed
by the usual methods for histopathology, in the “Setor de Anatomia
Patológica” of the “Universidade Federal Rural do Rio de Janeiro”
(UFRRJ). These samples were soaked in paraffin, cut into a microtome
at 5µm thickness, and stained with hematoxylin and eosin (HE) and
by the Warthin-Starry method.
DNA extraction and nested-PCR. The biopsies were thawed
at room temperature, and DNA extraction was performed following
the protocol based on the use of phenol/chloroform as described
by McIntosh et al. (2015).

Fig.1. Bovine digital dermatitis. Spherical lesion, with a granular,
moist surface and hypertrophied hair. Interdigital commissure
of the plantar region of the left pelvic member of Bovine 9 (Table
1: stage M1, score by Döpfer et al. 1997). Amazon biome.
Pesq. Vet. Bras. 40(6):430-437, June 2020

The extracted DNA was submitted to nested-PCR using specific
primers for the three treponema phylogroups “T. medium/T.vincentiilike”, “T. phagedenis-like” and “T. pudidum/T. denticola-like” according
to the methodology described by Evans et al. (2008) and (2009).
Statistical analysis. To evaluate a possible association between
the phylogroups (T. medium/T. Vincentii-like, T. phagedenis-like and
T. putidum/T. denticola-like) and the BDD stages (M0, M1, M2, M3,
M4 and M4.1), the Fisher’s exact test was used, with a significance
level (α) of 5%. All analyzes were performed after registration in
spreadsheets (Microsoft Excel® 2010), and the data were analyzed
using the statistical software SPSS 20.0 (IBM Corp. Released 2011, IBM
SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.).
The frequencies of the variables presented descriptive analyzes.

RESULTS

The BDD lesions were classified as 16.7% (4/24) in stage
M1 (Fig.1), 37.5% (9/24) in M2, 12.5% (3/24 ) in M3, 12.5%
(3/24) in M4 and 20.8% (5/24) in M4.1 (Fig.2) (Table 1).
Histopathology revealed extensive ulceration (stages M1,
M2, and M4.1) associated with ulcer clusters of bacterial
colonies, acanthosis with hypergranulosis, and hyperkeratosis
(sometimes referred to as parakeratotic, sometimes as

Fig.2. Bovine digital dermatitis. Ulcer lesion, irregularly shaped
with a granular, reddish and moist surface, with raised and
hyperkeratotic margins. Horny tissue with marked bead erosion.
Plantar region of the left pelvic member of Bovine 28 (Table 1:
stage M4.1, score by Döpfer et al. 1997 and Berry et al. 2012).
Amazon biome.
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orthokeratotic), which were accentuated in stages M3 and M4.
Inflammatory cells had infiltrated the epidermis, the dermoepidermal junction, and the perivascular region in the dermis
(Fig.3 and 4). In the M0 stage, the skin presented its usual
histological architecture with mild acanthosis, hypergranulosis,
and a discrete perivascular infiltrate of inflammatory cells.
The silver impregnation revealed spirochetes in the
epidermis superficial strata in 54.2% of the lesions (13/24)
(Fig.5 and 6), and its absence in the M0 stage. Nested-PCR
detected the genetic material of Treponema ssp. in 91.7% (22/24)
of BDD injuries. The DNA of the phylogroup T. pudidum/T.
denticola-like was the most frequently detected (83.3%,
20/24) in samples with lesions. In 25% (6/24) of the lesions,
the three Treponema phylogroups surveyed were detected.
In the M0 stage, Treponema genetic material was detected
in 40% (2/5) of the samples, and 8.3% (2/24) of the BDD
lesions were negative for spirochetes and Treponema spp. in
both techniques employed, respectively (Table 1).
Through the distribution of the genetic material between
the stages of BDD, it could be observed that the T. pudidum/T.
denticola-like phylogroup was the most frequently detected
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(p=0.048). In fact, it could be detected a higher proportion
of positive samples for the T. medium/T. vincentii-like
phylogroups and T. phagedenis-like in stages M2 and M4.1,
however, there was no statistical difference (p=0.408 and
p=0.279, respectively) in the occurrence of this phylogroup
and the BDD stage (Fig.7).

DISCUSSION

These results suggested the presence of Treponema spp. in the
etiology of BDD, as observed in dairy cows kept in pastures in
the Brazilian Central region (Moreira et al. (2018b), in dairy
cows housed in the southern region of Brazil (Nascimento
et al. 2015) and free-stalled dairy cows in the USA (Zinicola
et al. 2015), Germany (Nordhoff et al. 2008), Denmark
(Klitgaard et al. 2008), England (Evans et al. 2008) and Japan
(Yano et al. 2010).
By the methodology used, a high frequency of Treponema
spp. was observed in the lesions of BDD, comprising 91.7%.
However, there was lesser diversity of phylogroups between
the lesions, consisting of 25%. In dairy cows intensively
reared in southern Brazil, Nascimento et al. (2015) detected
Treponema spp. in 100% of the researched injuries, and 81.8%

Table 1. Detection of spirochetes in tissues impregnated with silver and Treponema spp. in skin biopsies of digits with and
without lesions of bovine digital dermatitis (BDD) in crossbred dairy cattle raised on pasture in the Amazon biome

T. medium/
T. putidum/
T. phagedenis-like
T. vincentii-like
T. denticola-like
Animals without
M0
01
+
BDD lesions
02
03
+
04
05
Animals with
M1
06
+
+
+
BDD lesions
07
08
+
+
09
+
+
M2
10
+
11
+
+
+
12
+
13
+
+
+
14
+
+
+
+
15
+
+
+
16
+
+
+
17
+
+
+
+
18
+
M3
19
+
20
21
+
+
M4
22
+
+
23
+
+
24
+
+
+
+
M4.1
25
+
26
+
+
27
+
28
+
+
29
+
+
+
+
TOTAL (%)**
54,2
33,3
41,7
83,3
* SI = Silver impregnation, ** total percentage calculated only in animals with BDD lesions (M1, M2, M3, M4 e M4.1).
Groups

Score

Animal

SI*

Treponema sp.
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
91,7
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of the injuries showed all three phylogroups. This lower
frequency, with a low variety of Treponema detected in the
lesions, may be related to the lower environmental pressure
to which these animals raised on pasture in the Amazon
biome are subjected. On pasture, the animals are susceptible
to low humidity (digit), especially in the non-rainy season,
less contact with feces, and less contact between animals. In
the etiopathogenesis, the main reservoirs of Treponema for
healthy cattle suggested by Shibahara et al. (2002), Evans et
al. (2012), Klitgaard et al. (2014), Nascimento et al. (2015)
and Zinicola et al. (2015) were the digestive tract and animals
with BDD. A lower prevalence (72.9%) of Treponema in
BDD lesions, using the same molecular technique, was also
obtained by Moreira et al. (2018b) in dairy cows grazing
in Central region of Brazil. This lower prevalence pointed
out to a breeding environment relationship influencing the
frequency of Treponema in BDD lesions.

The histopathology of the lesions revealed extensive areas
of ulceration and inflammatory changes in the epidermis and
dermis. It was similar to the pathological changes in the BDD
observed in dairy cows stabled by Döpfer et al. (1997) and
in beef cattle by Sullivan et al. (2013). Bacterial colonies in
the form of coconuts and bacilli were also observed, which
suggests the presence of other bacterial agents, in addition
to spirochetes, in the BDD lesions of crossbred dairy cows
raised on pasture in the Amazon biome. In the BDD lesions,
different phyla of bacteria were isolated and, therefore, this
disease was characterized as polybacterial, according to Krull
et al. (2014), Klitgaard et al. (2014) and Zinicola et al. (2015).
However, spirochetes are the most prevalent bacterial agent
in BDD lesions and are commonly found in deep strata of
the epidermis, which points to a close relationship with the
pathogenesis of this disease (Klitgaard et al. 2014, Zinicola
et al. 2015, Moreira et al. 2018b).

Fig.3. Bovine digital dermatitis. Skin with extensive area of ulceration
and exudation of the epidermis. Dermis with mild inflammatory
infiltrate at the dermo-epidermal junction (DEJ). HE, obj.10x.

Fig.4. Bovine digital dermatitis. Skin with moderate inflammatory
infiltrate, predominantly perivascular in the dermis and dermalepidermal junction (DEJ). HE, obj.4x.

Fig.5. Bovine digital dermatitis. Spirochetes in the superficial dermis and
around hair follicles. Warthin-Starry method, obj.100x.

Fig.6. Bovine digital dermatitis. Spirochetes in the spinous stratum of
the epidermis. Warthin-Starry method, obj.100x.

Pesq. Vet. Bras. 40(6):430-437, June 2020
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According to the frequency distribution of the surveyed
phylogroups among the BDD scores, and to the M system, a
high frequency of the phylogroup T. pudidum/T. denticola-like
was observed in all stages, which suggests that this phylogroup
is dominant in BDD lesions in the Amazon biome, as observed
by Yano et al. (2010) in dairy cows housed in Japan. A higher
proportion of the T. medium/T. vincentii-like phylogroups
were also obtained and T. phagedenis-like in active lesions
(stages M2 and M4.1) in relation to healthy skin (stage M0)
and non-active lesions (stages M3 and M4), which indicated
a change in the population of Treponema regarding the stage
of the injury. However, no statistical association was found
between the Treponema phylogroup and the stage of BDD
lesions (p>0.05). A marked difference in the microbiota
between active (M1, M2, and M4.1) and non-active (M3 and
M4) lesions were observed by Krull et al. (2014) and Zinicola
et al. (2015). Treponema denticola, T. medium, T. maltophilum,
T. paraluiscuniculi, T. phagedenis, T. putidum, and T. vincentii
were detected more frequently in active lesions in the study
by Zinicola et al. (2015).
Moter et al. (1998) observed that T. denticola was distributed
between cellular debris and the superficial layers of the spinous
stratum of ulcerative BDD lesions. Therefore, it suggested this
agent as a secondary one in the pathogenesis of the disease.
Nordhoff et al. (2008) observed that Treponema of the T.
medium/T. vincentii-like phylogroups and T. phagedenis-like
were located between the interface of healthy tissue with
injured one. They inferred a close relationship between these
phylogroups with the etiology of BDD. Probably, humoral and
cellular immune responses triggered by Treponema in BDD,
as described by Trott et al. (2003), can change the bacterial
population present in BDD and characterize the stage of
the lesion. Additional studies, involving a larger number of
biopsies, is necessary to assess whether there is a significant
change in the Treponema population according to the lesion
stage in the BDD of crossbred dairy cows raised on pasture
in the Amazon biome.
Bacterial research involving molecular techniques of PCR
and FISH pointed out that bacteria of the genus Treponema
spp. are the main dominant agents in the BDD lesions, as
observed by Moreira et al. (2018b), Nordhoff et al. (2008)
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and Zinicola et al. (2015). However, two samples from the
present study, in stages M1 and M3, were negative for these
both techniques employed. Negative results by FISH were
also obtained in a sample by Moreira et al. (2018b). These
authors correlated this result with the final stage of wound
healing. These results indicated that BDD lesions in the early
stages (M1), in addition to lesions in the final stage of healing
(M3), may lack the presence of Treponema in the tissues. Also,
they may have a low concentration of these agents, in which
the techniques employed were not capable of detecting it, or
may be distributed in a non-homogeneous manner in which
only the biopsies did not contain the genetic material. In two
samples of skin in stage M0 (without lesion), the phylogroups
T. phagedenis-like and T. putidum/T.denticola-like were detected,
but no spirochetes were observed in the silver impregnation.
Rasmussen et al. (2012), Knappe-Poindecker et al. (2013),
and Moreira et al. (2018b) also obtained positive samples for
Treponema in PCR in apparently healthy tissues. However,
they are not frequently observed in BDD lesions, according
to Yano et al. (2010) and Zinicola et al. (2015).

CONCLUSION

The bovine digital dermatitis (BDD) in crossbred dairy cattle
herds raised in a pasture in the Amazon biome was characterized
as a “polytreponemal” lesion with more significant frequency
from the phylogroup T. pudidum/T. denticola-like in all stages.
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