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ABSTRACT

The isolation and identification of microorganisms as-
sociated with digital dermatitis (DD) in Turkish dairy 
cattle was investigated using punch skin biopsy samples 
from typical clinical lesions; they were collected from 
dairy farms and abattoirs in 5 different geographical 
locations in Turkey. Morphological characteristics and 
flagellation types were examined using a transmission 
electron microscope, and their enzyme profiles by en-
zyme activation kits; their catalase reaction character-
istics were evaluated by the addition of 3% H2O2. Their 
phylogenies were identified using 16S rRNA and the 
results compared with known gene bank data. Bacterial 
cells were 5.0 to 18.2 µm long, 0.2 to 0.5 µm wide, and 
their minimum number of periplasmic flagellum was 
4 (4:8:4) with a maximum of 8 (8:16:8). All isolates 
were catalase negative. Of the spirochetes isolated and 
identified, group I organisms showed close similarity 
with Treponema pedis (99% genetic homology), whereas 
those in group II were similar to Treponema phagede-
nis (98% homology). This is the first report of specific 
sub-groups of Treponema spp., isolated from Turkish 
dairy cattle presenting with DD lesions, being associ-
ated with this disease; these morphotypes were similar 
to those found globally in housed dairy cattle units 
and are probably significant microorganisms associ-
ated with the aetiopathogensis of this infectious disease 
causing acute bovine lameness. These results suggest 
that the distribution of DD-associated treponemes is 
not specific to particular geographic regions of Turkey.

Key words: treponeme, bovine dermatitis digitalis, 
isolation, identification

INTRODUCTION

Lameness in cattle, housed in intensively farmed 
dairy units, is the third most important negative fac-
tor affecting herd health and production; following 
digestive disorders and mastitis/low infertility (Russell 
et al., 1982; Green et al., 2002; Ettema et al., 2010). 
The US National Animal Health Monitoring System 
stated that digital dermatitis (DD) is the second most 
common health concern in dairy cattle (USDA, 2009). 
Digital dermatitis was first reported in Italy by Cheli 
and Mortellaro (1974) and described subsequently in 
many countries worldwide (Laven, 2001; Demirkan and 
Güzel, 2004; Holzhauer et al., 2006; Cartwright, et al., 
2017; Ekman, et al., 2018). This disease causes signifi-
cant financial loss and lowered welfare in affected cattle 
(Winckler and Willen, 2001); the severe pain caused 
by lesions is sufficient to reduce milk yield (Nielsen et 
al., 2012), estimated at around $190 ± 30 million an-
nually in the US dairy industry (Losinger, 2006). A 
more recent estimate by Charfeddine and Pérez-Cabal 
(2017) puts the annual cost per cow at $10.80 in an 
average affected milking herd of 64 cows. Jacobs et al. 
(2017) described an outbreak of DD in yearling dairy 
replacements that may be associated with an increased 
prevalence of DD in the same lactating herd.

Histopathological examination of DD lesion biopsies 
have shown consistently that spirochete-like microor-
ganisms are present (Demirkan et al., 1999; Santos et 
al., 2012), and these are now known to be treponemes 
that appear phylogenetically and serologically diverse 
within lesions and in different countries (Schrank et al., 
1999; Stamm et al., 2002; Elliott et al., 2007; Evans et 
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al., 2009b; Yano et al., 2010; Wilson-Welder et al., 2013; 
Gomez et al., 2014; Nascimento et al., 2015). These 
treponemes are clustered within 3 groups, described as 
Treponema medium/Treponema vincentii-like, Trepo-
nema phagedenis-like, and Treponema denticola/Trepo-
nema putidum-like (Evans et al., 2008), the latter now 
classified as a new species, Treponema pedis (Evans et 
al., 2009a).

The aetiopathogenesis of DD has been investigated 
extensively. It is now accepted that Treponema micro-
organisms are the predominant morphotypes cultured 
from active digital lesions (Walker et al., 1995; Murray 
et al., 2002; Nielsen et al., 2016).

The fastidious and fragile nature of all treponemes 
associated with DD lesions make their isolation and 
culture very difficult, but this can be facilitated by us-
ing specific culture conditions under a strict anaerobic 
atmosphere. The objective of this study was to describe 
characteristics of treponemes isolated from DD lesions 
and their presence in Turkish dairy cattle.

MATERIALS AND METHODS

Practicing veterinary surgeons responsible for the 
health and welfare of large dairy units in 5 different 
geographical locations of Turkey were recruited in a 
nationwide study to investigate clinical cases of DD in 
lame dairy cows, using punch biopsy samples: normal 
healthy digital skin biopsies were taken from the pal-
mar aspect of the hind limb interdigital space in dairy 
cattle at abattoirs immediately after slaughter, in the 
same regions. Before the study began, all participating 
veterinary surgeons viewed a video film that described 
typical lesions, the correct method for obtaining biopsy 
samples from them, and their cleaning, handling, and 
labeling.

The research protocol was approved by the Institu-
tional Animal Use and Ethical Committee of Afyon 
Kocatepe University, Turkey.

Biopsy Sampling and Handling

After examining clinically lame cattle (n = 52; Sim-
mental cows between first and fourth lactation periods 
with an average of 6,000 L/lactation milk yield, mean 
herd size of 200, and housed with a common lying area 
with cubicles), presenting with lesions typical of DD 
in either front or hind feet lesions were scored by clini-
cians according to the Iowa system: 0 denoted normal 
healthy skin; A1 denoted a nonproliferative dermatitis 
with or without dermal pitting in the interdigital fold; 
A2 denoted advanced erosion and proliferation within 

the interdigital fold; B1 denoted focal or multifocal 
proliferative scabs on heel skin; B2 denoted diffuse pro-
liferative scabs across the heel; 3 denoted focal area of 
hyperaemic ulceration within the areas described in A2 
or B2; 4 denoted chronic papillomatous lesions (Krull 
et al., 2014). Lesions were then washed and cleaned 
using sterile PBS (pH 7.4) before local analgesia (ring 
block; 2% lidocaine; Adeka, Istanbul, Turkey). After 5 
min, 6 mm diameter skin punch biopsies were obtained 
and washed again in PBS: care was taken to ensure that 
the skin sample was full thickness and included both 
epidermis and dermis. The washed biopsy was placed in 
2 mL of Oral Treponeme Enrichment Broth (OTEB; 
Anaerobe Systems, Morgan Hill, CA), supplemented 
with 5 mg/L of rifampicin (Panreac, AppliChem, 
Darmstadt, Germany) and 5 mg/L of enrofloxacin 
(Santa Cruz Biotechnology, Santa Cruz, CA) in a 20-
mL sterile plastic container, and labeled: normal skin 
samples obtained from abattoirs (n = 20) were handled 
in the same way. Samples were sent to the laboratory 
where the biopsies were placed in an anaerobic cabinet 
with at an atmosphere of 85% N2, 10% H2, and 5% CO2 
(Don Whitley Scientific, Bingley, UK) at 36°C and 45% 
relative humidity.

All subsequent procedures was carried out in the an-
aerobic cabinet. Biopsies were divided into 2 portions: 
the first portion was used for the spirochete isolation 
and the second portion for histopathological examina-
tion.

Spirochete Isolation

The biopsy portion was diced and placed in fresh 
OTEB supplemented with 10% fetal calf serum (Bio-
chrom, Berlin, Germany) and 5 mg/L of rifampicin 
(Panreac, AppliChem, Germany) and 5 mg/L enro-
floxacin (Santa Cruz Biotechnology) for 48 h. A drop of 
the OTEB was then subcultured on fastidious anaerobe 
agar (FAA; Acumedia-Neogen, Lansing, MI) supple-
mented with 5% defibrinated sheep blood (Pendik 
Veteriner Arastirma Enstitisu, Istanbul, Turkey), 10% 
fetal calf serum, and 5 mg/L of rifampicin and 5 mg/L 
of enrofloxacin for up to 2 wk. Then, several of the 
resulting colonies were inoculated into OTEB without 
antibiotics and stored in beads-rings storage tubes 
(Protect; Thermo Fisher Scientific, Waltham, MA) at 
−80°C.

DNA Extraction

The GeneJET Genomic DNA purification kit 
(Thermo Fisher Scientific, Waltham, MA) was used to 
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extract DNA from all biopsies and the DNA was stored 
at −20°C until analyzed.

DNA Extraction from Culture

The DNA was extracted from treponeme cultures as 
described by Demirkan et al. (2001). Briefly, the 7-d-
old OTEB cultures were centrifuged at 12,000 × g for 
20 min at 4°C, and DNA was isolated from the result-
ing pellet using a commercially available extraction 
kit (Thermo GeneJET Genomic DNA Purification kit, 
Thermo Fisher Scientific).

PCR Amplification

The forward primer (5′-AGA GTT TGA TCC TGG 
CTC AG-3′) and the reverse primer (5′-AAG GAG 
GTG ATC CAG CCG CA-3′) were used to amplify 16S 
rRNA gene analysis previously studied by Demirkan et 
al. (2001). Briefly, the 25-µL PCR mixture consisted of 
2 µL of DNA (30–40 ng/µL), 0.5 µL of each primer con-
taining 10 pmol, 1 µL of MgCl2 at 50 mM, 2.5 µL of 10 
× PCR buffer, 0.5 µL of deoxynucleotide triphosphate 
mix, 0.1 µL of Platinium Taq DNA Polymerase (Invi-
trogen, Carlsbad, CA), and 17.9 µL of double-distilled 
H2O. The reaction was carried out for 2 min at 94°C 
(pre-denaturation), 45 s at 94°C (denaturation), 30 s 
at 57°C (annealing), and 1 min at 72°C (extension) for 
35 complete cycle: the last extension was at 72°C for 
10 min.

DNA Sequence Analysis

A total of 5 µL of PCR product was cleaned with Exo-
nuclease I 0.5 µL (EN0582; Thermo, Vilnius, Lithuania) 
and FastAP Thermosensitive Alkaline Phosphatase 1 
µL (EF0651; Thermo). The DNA sequence analysis 
was run in a total of a 20-µL mixture consisting of 1 µL 
of Big Dye 3.1, 13.5 µL of 1× sequencing buffer, 5 µL 
of each primer (1 pmol), and 1 µL of PCR product. The 
PCR reaction was set at 2 min at 96°C (pre-denatur-
ation), 96°C for 10 s (denaturation), 50°C for 15 s (an-
nealing), and 60°C for 4 min (extension) for 30 cycles. 
The amplicons were purified using BigDye XTerminator 
purification kit (4376487; Thermo). Then the amplicons 
were subjected to nucleotide sequencing [Sequencher 
5.4.6 (Gene Codes Corporation, Ann Arbor, MI)]. The 
sequence was edited by MEGA4 (Tamura et al., 2007) 
and BioEdit 7.0.9 Sequence Alignment (Hall 1999) 
and compared with GenBank with accession numbers 
of MG545730 (Treponema AKS7.TOVAG112O888), 
MG545731 (Treponema BAL2.TOVAG112O888), and 
MG545729 (BUR4.TOVAG112O888). A phylogenetic 
tree was constructed.

Histology

Biopsies were fixed routinely in 10% formalin and 
embedded in paraffin wax. Sections 5 µm thick were 
stained: hematoxylin-eosin stain was used to identify 
histopathological changes and Warthin-Starry stain to 
visualize spirochetes present, all under light microscopy.

Electron Microscopy

Bacterial morphology was investigated using trans-
mission electron microscopy. A drop of 7-d-old OTEB 
cultures was placed on a formvar grid. After washing 3 
times with distilled water, the grid was dried with fil-
ter paper, negatively stained with 2% phosphotungstic 
acid (Sigma Aldrich, Interlab AS, Istanbul, Turkey) at 
pH 7 for 1 min, then air-dried and examined.

Enzyme Activity

Seven-day-old OTEB cultures were centrifuged at 
12,000 × g for 20 min at 4°C. After removal of the su-
pernatant, the remaining pellet was washed twice with 
PBS (pH 7.2) and its density adjusted at 5 MacFarland 
turbidity. Analysis for the presence of C14 lipase, va-
line arylamidase, cystine arylamidase, α-galactosidase, 
α-mannosidase, and α-fucosidase was carried out ac-
cording to the API-ZYM manufacturer’s instructions 
(www .biomerieux .com .tr; bioMérieux, Istanbul, Tur-
key). For catylase estimation, a drop of H2O2 (3%) was 
placed on the pellet and bubble formation was consid-
ered a positive catalase reaction.

RESULTS

From large dairy farms in 5 regions of Turkey, 52 
lame Simmental cows presenting lesions typical of DD 
were examined by a veterinary surgeon and biopsies 
were taken according to the protocol described earlier 
(Table 1). The most common lesion presented was Iowa 
score 4 (n = 22), followed by scores 3 (n = 18), A1 
(n = 5), A2 (n = 4), and B2 (n = 3), located in the 
palmar aspect of the interdigital space midway between 
the both heel bulbs; in chronic cases they extended 
upward and horizontally to affect adjacent hairy skin. 
Lesions were prone to bleeding when they were cleaned, 
and very sensitive when touched. Untreated chronic le-
sions often presented with matted hairs surrounded the 
wound edge, and epidermal spikes protruded from the 
surface of the lesion; pain was less pronounced. Biopsy 
samples reached the laboratory where further tissue 
processing took place varied between 1 and 3 d depend-
ing on the courier service.

www.biomerieux.com.tr
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Histopathology

Microscopic examination of stained sections revealed 
subcorneal pustulous developments (Iowa score A1, n = 
5), and in some cases, continuity of epidermal mucosa 
had partially (erosion) or completely (ulcer) disap-
peared. Necrotic tissues with hyperemic vessels were 
also observed in the region (ulcer and hyperemia; Iowa 
scores A2, n = 4; B2, n = 3; and 3, n = 18). Typical 
hyperkeratosis of the outermost epidermal layer, and 
spirochetes colonies were located sporadically among 
the disrupted keratin throughout the epidermis. Ex-
tensive acanthosis was observed in the stratum spino-
sum together with cellular degeneration (Iowa score 4, 
n = 22); in some fields, changes varied from hydropic 
degeneration to ballooning degeneration. Basal cell 
hyperplasia was common and some cells were undergo-
ing mitosis. In the dermis, the cellular inflammatory 
response was predominantly a neutrophilic infiltration. 

On the examination of Warthin-Starry, stained sections 
were detected in long spiral-shaped bacteria form of 
single or bundle on superficial and deeper in the hyper-
keratotic epidermal layer (Figure 1).

Treponeme Culture, Identification, Morphological, 
and Enzyme Characteristics

Healthy skin biopsies (n = 20) obtained from slaugh-
terhouse material failed to produce any treponeme 
microorganism, whereas treponemes were cultured suc-
cessfully from 40 (77%) lesions out of 52; all isolates 
had similar characteristic growth patterns in OTEB. 
Within 48 h, treponeme growth was visible as cotton-
like strands toward the bottom of the culture tubes 
that grew into translucent, hazy, circumscribed colo-
nies, 0.4–0.6 mm in diameter, in FAA after about 7 d. 
After 2 wk, the colonies were approximately 2.5 mm in 
diameter and had penetrated to a deeper layer of agar, 

Table 1. The number of biopsy samples submitted for investigation by veterinary surgeons, their geographical region of origin, and the 
microorganisms cultured and identified by DNA sequence analysis

Origin of biopsies and culture outcomes

Region

TotalAgean Marmara Central Black Sea South-east

Submitted by veterinary surgeons 10 11 12 10 9 52
Treponemes cultured:       
 Treponema pedis-like 5 4 9 4 3 25
 Treponema phagedenis-like 3 5 2 4 1 15
Other anaerobes cultured:       
 Clostridium indolis 2 3 2 2 1 10
 Clostridium sporosphaeoides 3 3 4 0 2 12
 Desulfovibrio desulficans 4 6 0 5 4 19

Figure 1. Histopathological appearance of digital dermatitis skin biopsy. (A) An inflammatory cell infiltrate is seen in the dermis with 
epidermal hyperplasia and hyperkeratosis. Hematoxylin-eosin staining. Bar: actual length = 200 µm. (B) Digital dermatitis skin biopsy stained 
with Whartin-Starry method: long spiral-shaped bacteria/spirochetes (arrows). Bar: actual length = 10 µm. Color version available online.
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displaying irregularly shaped β-hemolysis. No colonies 
grew in FAA without serum. Thereafter, when colo-
nies were examined using dark field microscopy, large 
numbers of helically coiled bundles of slow-moving 
spirochetes were seen. They presented with snake-like, 
rotational movement in a lengthwise direction. Their 
individual cellular dimensions were 5.0 to 18.2 µm long 
and 0.2 to 0.5 µm wide. Flagella were present at both 
poles, overlapping midway along the body: the mini-
mum number of periplasmic flagellum was 4 (4:8:4) and 
maximum 8 (8:16:8; Figures 2A and 2B; Table 2).

The 16S rDNA analysis revealed that the spirochetes 
cultured were clustered within 2 main groups, similar 
to the phylogeny of Treponema phagedenis-like and T. 
pedis-like organisms (Figure 3). They were randomly 
distributed between the different lesion types (Table 
3). The DNA sequence analysis showed that, apart 
from Treponema spp., Clostridium indolis (n = 10), 
Clostridium sporosphaeroides (n = 13), or Desulfovibrio 
desulfuricans (n = 19) were also identified in lesions.

Treponemes were clustered in 2 distinct groups for 
the pattern of enzyme reactivity; however, both groups 
were negative for C14 lipase, valine arylamidase, cys-
tine arylamidase, α-galactosidase, α-mannosidase, and 
α-fucosidase. However, both were positive for only C4 
esterase, C8 esterase lipase, and leucine arlyamidase. 
Group II showed further reactivity to alkaline phopha-
tase, acid phosphatase, naphtholphosphohydrolase, 
β-galactosidase, β-glucuronidase, and N-acetyl-β-
glucosaminidase. Complete enzyme profiles are sum-
marized in the species level in Table 4.

DISCUSSION

This paper describes, for the first time, the isolation 
and identification of treponemes associated with DD 
in dairy cattle in 5 geographically different regions of 
Turkey. The lesions themselves were similar to those 
described by others (Cheli and Mortellaro, 1974; Read 
and Walker, 1998; Murray et al., 2002; Berry et al., 
2012), although the breeds of lame dairy cattle af-
fected may have varied. Although Holstein or Friesian-

Holstein cows form the backbone of the dairy industry 
worldwide, managed usually in larger herds and housed 
partially or permanently throughout the year, Simmen-

Figure 2. Electron micrographs of negatively stained spirochetes 
showing (A) 4:8:4 flagella pattern around midshaft of the cell (repre-
senting Treponema pedis-like isolate) and (B) 8:16:8 flagellation at one 
end of the cell (representing Treponema phagedenis-like isolate).

Table 2. Bacterial size and flagella number of treponemes identified in this study, compared with Treponema pedis and Treponema 
phagedenis characteristics described by Evans et al. (2008) and Wilson-Welder et al. (2013)

Treponeme and numbers examined (n)

No. of flagella

 

Length 
(µm)

 

Width 
(µm)

Minimum Maximum Minimum Maximum Minimum Maximum

Group I T. pedis-like (n = 22) 4:8:4 5:10:5  5 18.2  0.2 0.3
Group II T. phagedenis-like (n = 18) 6:12:6 8:16:8  7 12  0.3 0.5
Reference for T. pedis (Evans et al., 2008) 3:6:3 5:10:5  5 16  0.2 0.3
Reference for T. phagedenis (Wilson-Welder et al., 2013) 7:14:7 9:18:9  8 9.7  0.3 0.35
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Figure 3. Neighbor-joining phylogenetic tree with respect to 16S rRNA gene sequence comparisons of ~1,400 aligned bases (TOVAG112O888 
in this study).

Table 3. Distribution of treponemes in the lesion types

Lesions

 

No. of isolates cultured

Iowa score No. Treponema pedis-like Treponema phagedenis-like

A1 5  0 0
A2 4  0 4
B2 3  2 1
3 18  8 6
4 22  15 4
Total 52  25 15
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tal cattle were the predominant breed in this present 
study. This suggests that risk factors for this disease 
reside both within the normal anatomical features of 
the bovine digit, irrespective of breed, and the external 
conditions that surround it.

The DD skin samples were taken during routine farm 
visits and the farm personnel selected lame cows for DD 
biopsy sampling in this study. This purposive sampling 
method may be biased (Cramer et al., 2018). The early 
stages causing no lameness can be easily missed or ig-
nored by farm workers. Thus, to identify or score DD 
with no lameness, cows should be placed in a trimming 
chute or observed in the milking parlor by washing or 
cleaning the feet before close examination under proper 
lighting. Thus, the stages in this study, were predomi-
nantly stages 3 and 4. Moreover, these stages matched 
the previous descriptions, developed by Döpfer et al. 
(1997) and amended by Berry et al. (2012), relatively 
well (i.e., M2 and M4 classes).

Treponemes in this study could be clearly distin-
guished by their cell size and flagellation types from 
other DD-associated treponema isolates. The cells of 
Treponema brennaborense (German isolate; Schrank et 
al. 1999) were 5 to 8 µm long and 0.25 to 0.55 µm wide 
with a cytoplasmic cylinder surrounded by 2 periplas-
mic flagella that originated subterminally at each pole, 
T. pedis (UK isolate; Evans et al., 2009a) were 5 to 16 
µm long and 0.2 to 0.3 µm wide with 6 periplasmic 
flagella (3 originating at each end and overlapping in 

the central region of the cell), and US isolates (Walker 
et al., 1995) were 0.23 to 0.46 µm wide and 5.5 to 13.5 
µm length with flagella ranged from 5 to 9 at each 
terminus. However, our isolates, T. pedis-like and T. 
phagedenis-like, were 5.0 to 18.2 µm long and 0.2 to 
0.3 wide with 4 to 5 flagella, and 7 to 12 µm long and 
0.3 to 0.5 µm wide with a pattern of 6 to 8 flagellation, 
respectively.

The enzyme pattern of reactivity of current isolates 
with positive results for esterase C4, esterase lipase C8, 
leucine arylamidase, trypsin, and chymotrypsin (group 
I isolates) was similar to UK bovine treponemes of 
group 3 and T. pedis except for leucine arylamidase 
(Evans et al., 2008 and 2009a, respectively). Group II 
isolates shared similar reactivity with T. phagedenis 
Kazan except for β-galactosidase (Wilson-Welder et 
al., 2013). The enzyme profiles of the current isolates 
produced a specific pattern that differed from the genus 
Treponema shown in Table 4.

The 16S rDNA sequencing of the spirochetes cul-
tured and isolated in this present study were of the 
genus Treponema and were related to those found in 
either the T. pedis-like or T. phagedenis-like sub-groups. 
Evans et al. (2009b) suggested that this disease was 
polytreponemal involving the sub-groups T. pedis-like, 
T. phagedenis-like, and T. medium-like: now we know 
that T. denticola (Choi et al., 1997) and 1–9185MED 
(Walker et al., 1995) are within the T. pedis-like sub-
group, and simplifies what appears to be a confusing 

Table 4. Enzyme activities of bovine and other treponeme strains as determined by the API-ZYM system (bioMérieux, Istanbul, Turkey)1

Species2

Enzyme activity3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

This study, group I (×22) − + + − + − − + + − − − − − − − − − −
This study, group II (×18) + + + − + − − − − + + − + + − − + − −
Treponema pedisE1 − + + − − − − + + − − − − − − − − − −
Treponema phagedenis KazanWw + + + − + − − − − + + − + − − − + − −
T. phagedenis ReiterS − − − − − − − − − + − − + + − − + − −
Treponema brennaborense (isolate DD5/3)S + + + − − − − − − + + − + − + − + − −
Treponema amylovorum (HA2PT)S + + − − − − − − − + + − − − − − − − +
Treponema medium (ATCC 700293T)S + + + − + − − − − − − − + − − − − − −
Treponema vincenti (ATCC 35580)S − − − − + − − − − + + − + − − − + − −
Treponema denticola (ATCC 35405T)Wl − + − − − − − + + − − − − − − − − − −
T. denticola (ATCC 35405)Ww − + + − − − − + − + + + − − + − − − −
Treponema putidum (ATCC 700334T)Wy + + + − + − − + + + + + + − + + − − −
UK bovine treponemes, group 1 (×5)E2 + + + − + − − − − + − − − − − − − − −
UK bovine treponemes, group 2 (×14)E2 + + + − − − − − − + + − + + − − + − +
UK bovine treponemes, group 3 (×4)E2 − + + − − − − + + − − − − − − − − − −
US bovine treponemes (×7)Wl + + + − − − − − − + + − + + − − + − −
1All treponeme strains given in the table generated negative results for C14 lipase, valine arylamidase, cystine arylamidase, and α-fucosidase.
2Superscripts indicate the following: E1Evans et al. (2009b), E2Evans et al. (2008), SSchrank et al. (1999), WlWalker et al. (1995),WwWilson-Welder 
et al. (2013), WyWyss et al. (2004).
3Enzymes: 1, alkaline phosphatase; 2, C4 esterase; 3, C8 esterase lipase; 4, C14 lipase; 5, leucine arylamidase; 6, valine arylamidase; 7, cystine 
arylamidase; 8, trypsin; 9, chymotrypsin; 10, acid phosphatase; 11, naphtholphosphohydrolase; 12, α-galactosidase; 13, β-galactosidase; 14, 
β-glucuronidase; 15, α-glucosidase; 16, β-glucosidase; 17, N-acetyl-β-glucosaminidase; 18, α-mannosidase; 19, α-fucosidase.
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microbiological component of the aetiopathogenesis of 
this disease. Treponemes appear to be the major taxo-
nomic unit associated with DD.

Despite the geographical and climatic diversity of 
the dairy farms studied in these 5 regions of Turkey 
(e.g., the eastern part is mountainous with nighttime 
temperatures dropping below −30°C and altitudes of 
some farms are around 1,000 m above sea level, whereas 
western and southern areas have a temperate climate), 
highly similar treponeme bacteria were isolated.

It is accepted that treponemes are the primary in-
fectious microorganisms associated with DD but an 
increasing number of other morphotypes, mostly an-
aerobes, have been isolated from active lesions. One of 
the first identified was Campylobacter faecalis (Döpfer 
et al., 1997) with other research groups assigning Pep-
tococcus asaccharolyticus, Pc. saccharolyticus, Pepto-
streptococcus anaerobius, Bacteroides asaccharolyticus, 
B. melaninogenicus, Fusobacterium spp., Streptococcus, 
and Clostridium spp. to the list (Koniarová et al., 1993; 
Santos et al., 2012). In this study, Clostridium indolis, C. 
sporosphaeroides, and D. desulfuricans were identified; 
the latter, a sulfate-reducing, motile, gram-negative, 
anaerobic bacterium can be found in the gastrointes-
tinal tract (Beerens and Romond, 1977) and has been 
implicated in human ulcerative colitis (Gibson et al., 
1988). Aforementioned studies indicate that this bac-
terium originates from environmental contamination 
because it appears to be ubiquitous in the environment. 
Therefore, during sampling of DD lesions to remove 
environmental sources such as D. desulfuricans, the 
entire removal of the surface debris by vigorous wash-
ing should be considered. All 3 organisms have been 
found in mud, brackish water, sewage, and industrial 
and freshwater sediments (Johnson and Finegold, 1987) 
and the Clostridia spp. are present in the gastrointes-
tinal tracts of sheep, dogs, pigs, hamsters, and ferrets 
(Fox et al., 1994; Shukla and Reed, 2000). Although it 
is possible that these organisms were contaminants and 
present in lesions because of their incorrect washing 
and cleaning before biopsy, the presence of Clostridia 
spp. may be significant.

Previously, infectious diseases were often considered 
to be mono-microbial but this perception of DD is be-
ing challenged frequently of late. The diverse bacterial 
microbiome described in DD lesions may be more sig-
nificant during the early stages of lesion development 
(Krull et al., 2014) as is the case with other treponeme-
associated diseases such as gingivitis in the human 
oral cavity (Edwards et al., 2003). We observed that 
treponemes were absent in the early stages of the lesion 
(Iowa score A1); however, they were more abundant in 
the advanced stages (Iowa scores 3 and 4). Treponema 
isolation success rate was 77% in this study. This does 

not rule out the existence of other noncultivable spe-
cies of Treponema spp. in DD in Turkish dairy cattle. 
Above all, determination of the temporal microbiota 
changes by deep sequencing-based metagenomic evalu-
ation of DD biopsy specimens by Krull et al. (2014) 
suggests that early detection of treponemes in DD may 
be unrewarding because the amount of treponeme DNA 
obtained from different stages of DD increased as the 
lesion scores increased. This may explain why isolation 
attempts failed in the early stages as in our study and 
this may also raise a question whether treponemes are 
the initiating organisms in the first place or late arriv-
als on the scene of already disrupted bovine hoof skin.

The attachment of one bacterial species to a hosts’ 
tissues, through micro-trauma of skin epidermis (Read 
and Walker, 1998) or mucosal surfaces (Edwards et al., 
2003), may allow polymicrobial biofilm organisms to 
invade that site: the initial attachment of one bacte-
rial species providing the scaffold for other species to 
adhere to. As a result, the initial colonizers determine 
which microbes are isolated from lesions at a later time: 
this process is known as coaggregation, which may be 
mediated in 2 ways. First, the opportunistic secondary 
organism binds to specific molecules on the surface of 
a biofilm; or second, several bacteria combine to form 
an aggregate that provokes phenotypic change, leading 
to further coaggregation on the outside of the biofilm, 
which extends the biofilm matrix into the extracellu-
lar environment of the host. In this way, competing 
microbes may increase the colonization surface area 
and position themselves nearer to potential sources of 
nutrition. This concept is illustrated well in Figure 1, 
where pathogens were present deep within the disrupt-
ed keratin throughout the epidermis, and acanthosis 
and cellular degeneration was extensive in the stratum 
spinosum. Clostridium indolis secretes histotoxins that 
characterize ulcerative colitis lesions in animals and 
humans (Berger, 2015) and the variety of secondary 
microorganisms found in DD lesions may well account 
for some of their differing clinical presentations.

CONCLUSIONS

This is the first report on isolation of treponemes 
from dairy cattle suffering from DD in Turkey. Our 
work indicated that the spirochetes found in bovine DD 
were most closely related to T. pedis and T. phagede-
nis. Deeper sequencing or more extensive culturing is 
needed to determine the entire microbial profile and 
to identify the role(s) of these isolates in different 
stages of lesions to develop effective prevention strat-
egies, putting the pathogen(s) on the central stage. 
Ultimately, efforts should be focused on improving the 
underfoot environment and hygiene of dairy cattle in 
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particular, and developing a polymorphic treponeme 
vaccine.
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