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Summary

Digital dermatitis (DD), also known as Mortellaro’s disease, is a dermatological condition affecting the bovine
digit, characterized by painful inflammatory lesions that result in substantial economic losses in the dairy
industry. Despite extensive research, effective treatment and long-term prevention of DD remain challenging.
Standard therapeutic approaches include claw trimming, lesion debridement topical or systemic antibiotics,
and prophylactic disinfectant footbaths. Recent studies suggest that several non-antibiotic treatment methods
show promising therapeutic potential. The efficacy of salicylic acid (SA) and a gel containing chelated copper
and zinc (IHF) has been found to be comparable to antibiotics such as tetracycline. Allyl isothiocyanate (AITC)
demonstrates antibacterial activity similar to lincomycin, though it may increase pain perception. Other agents,
including sodium alginate (ALG) and honey, support lesion healing of DD lesions, though their effectiveness
as standalone treatments appears limited. The adoption of alternative therapies aligns with the “One Health”
approach and contributes to reducing antibiotic use in cattle farming. While treatments involving SA, ITHF,
and AITC appear promising, further research is required to confirm their efficacy and to develop long-term
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therapeutic strategies.
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Digital dermatitis (DD) is an inflammatory condition
of the bovine digital skin, first described in 1974 in
Italy by Cheli and Mortellaro (18). Today, the disease
is referred to by various names, including Mortellaro’s
disease, hairy heel warts, strawberry foot, digital
warts, and interdigital papillomatosis (92). Similar
pathological entities had previously been reported by
Wyssmann in 1931, who described the condition as
“malignant infectious ulcer of the heel bulb” or “ulcer
of the fetlock and hoof” — terms that later evolved into
“hooferosion” or “heel horn erosion” (22). DD lesions
typically develop on the plantar skin, proximally to
the heel bulb, or within the interdigital space of the
bovine claw (5). Clinically, the disease presents as
painful, ulcerative, inflammatory lesions that may be
acute or chronic and vary in severity (104). Despite
decades of research and observation, the etiology and
pathogenesis of Mortellaro’s disease remain poorly
understood. This lack of clarity hampers the establish-

ment of effective treatment protocols and preventive
measures (96). Another significant challenge is the
early identification of DD lesions, which are often de-
tected only after the onset of lameness or during routine
hoof trimming. Healthy limbs and hooves are essential
indicators of animal welfare in cattle (37), and DD se-
verely compromises this by causing pain, discomfort,
and lameness. As a result, the disease contributes to
substantial economic losses, including reduced milk
yield, impaired reproductive performance, declining
overall health, and increased culling rates (61, 68, 85,
98). The average cost of a single case of DD has been
estimated at $133, with only about half of this amount
attributed to direct treatment costs (17). Guatteo has
reported even higher costs estimating the expense per
case at $391.8 (31). In recent years, DD has become
a widespread concern in dairy cattle herds globally
(16). Therefore, further research and the development
of innovative treatment and prevention strategies are
of critical importance.
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Prevalence

Over the years, numerous studies have identified
a wide range of risk factors associated with the occur-
rence of digital dermatitis (DD). Animal-related predis-
positions include breed, genetics, individual immune
response, parity, and stage of lactation. Environmental
factors encompass housing systems, flooring, hoof
hygiene and trimming, nutrition, and the introduction
of new animals into the herd.

The Holstein-Friesian breed, the primary breed used
in dairy farming, is more susceptible to DD than other
dairy cattle breeds (8, 38). This increased susceptibility
is partly attributed to the conformation of their hooves,
specifically, the more acute angle of the hoof walls in
Holstein-Friesians. As a result, the heels tend to sink
lower, leading to increased contact with manure (8, 29).

One of the most significant risk factors is the hous-
ing system. It is well established that keeping cows on
concrete or slatted floors negatively impacts hoof horn
quality. In contrast, access to pasture or straw-bedded
housing significantly reduces both the risk and severity
of DD (51, 67, 75, 88, 102). Conversely, DD is more
prevalent in barns equipped with robotic milking sys-
tems. Tethered cows generally present a lower risk of
DD and tend to have cleaner hind limbs compared to
those housed in free-stall systems (2, 68, 101). Longer
and wider cubicles provide greater comfort, encourag-

Tab. 1. Global prevalence of digital dermatitis (DD)
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ing longer lying times and reduced standing, which
limits hoof contact with manure. Infrequent manure
removal contributes to hoof horn softening and serves
as a reservoir for pathogenic microorganisms, facilitat-
ing the spread of infection (29, 50, 51, 88). According
to research by de Jong et al., scraping manure at hourly
intervals significantly reduces the risk of DD within
a herd (41).

Management practices also play a critical role, in
the occurrence of digital dermatitis (DD), particularly
regarding the timing of regrouping and the introduc-
tion of heifers and primiparous cows. Allowing these
animals sufficient time to adapt to new environmental
conditions is essential (75, 88). The risk of develop-
ing DD tends to decrease with each lactation after the
second calving; however, this trend may be partially in-
fluenced by the culling of cows exhibiting lesions (29,
79). Increased susceptibility to infection is observed
during the peak lactation, when the immune system is
still weakened postpartum (40). Moreover, during the
peak and mid-lactation phases, high-energy diets often
result in looser feces, which contribute to greater hoof
soiling and elevated DD risk (41, 38, 88). A seasonal
pattern in DD incidence has also been documented:
cows calving during winter months are more frequently
affected compared to those calving in other seasons.
Additionally, animals with extended lactation periods
exceeding 305 days have demonstrated increased

Country Sample Size (Cows [Herds]) Cow-Level Prevalence (%) Percentage of Affected Herds (%) | Herd-Level Prevalence (%)
Chile (79) 3,265 (22) 370 (11.3%) 91% 0-40%
Malaysia (81) 251 (8) 16 (8.3%) - -
New Zealand (106) 59,849 (127) 649 (1.1%) 49.6% 59.2%
Australia (34) 823 245 (29.8%) - -
3,585 (17) 68% - 16-81%
Canada (86, 41)
28,607 (156) 20.5% 96.1% 0-74.3%
USA (102) 11.9% of cows 4.2% of heifers 43.5% -
38% of primiparous cows _ _
France (78) 1,782 (40) 41% of multiparous cows
Austria (47) 7,765 (512) 33.2% - -
Switzerland (29) 24,911 (702) 5.4% - 36.3%
22,454 (383) 22,454 (21.2%) - 0-83%
Netherlands (38, 57)
40,536 (572) 22% - -
4.2% (tie-stall housing) _ _
Norway (84) 2,665 (112) 5.7% (free-stall housing)
8,269 (39) 1,993 (24,1%) 97.4% 0-56.2%
Denmark (66, 15)
705,803 (1635) 19-22% 90% -
1,204 (10) 5-67.5%* 80% -
Ireland (87, 13) ; 12.4% (grazing season) o 10.1% (grazing season)
1.5712(172) 13.2% (housing season) 35% 9.5% (housing season)
Finland (72) 7,010 (81) 2,195 (31.3%) 91.3% -
Poland (64) 220 (1) 34 (16%) - -

Explanations: 'Only lame cows were included in the study; *Dependent on the presence of DD alone or in combination with other

diseases
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susceptibility to DD (41). Farms that replenish their
herds by purchasing heifers from external sources are
approximately three times more likely to experience
DD outbreaks compared to farms using home-reared
replacements (89). In such cases, implementing proper
quarantine protocols is crucial to prevent disease in-
troduction and spread.

Regular hoof trimming is a critical component in
maintaining hoof health. Performing hoof trimming
at least twice a year facilitates the detection of lesions
and reduces the overall number of affected cows (29).
However, more frequent trimming — three or more
times per year — may paradoxically increase the inci-
dence of DD, as the infectious nature of the disease al-
lows for potential transmission via trimming equipment
(2). Nonetheless, the advantages of early detection and
prompt treatment generally outweigh the risks associ-
ated with less frequent trimming. Moreover, the risk of
Treponema spp. transmission through trimming tools
can be effectively mitigated by implementing proper
disinfection protocols (7, 80).

Assessment of DD Severity

DD lesions are classified using the M-system scor-
ing. This system includes the following categories:
MO — normal claw skin without any signs of DD; M1
— early-stage lesions, small and limited in size (less
than 2 cm in diameter), typically red to grey in color;
M2 — acute ulcerative lesions larger than 2 cm in di-
ameter, red or red-grey in appearance; M3 — healing
stage, characterized by hard, scab-like tissue cover-
ing previously active DD lesions; M4 — chronic stage
presenting hyper keratotic and/or proliferative tissue
changes; M4.1 — a chronic lesion exhibiting features
of both M4 and M1 stages (25).

Treatment

Lameness in cattle is typically managed through
corrective hoof trimming, thorough cleaning of lesions,
and, when indicated, the local or systemic adminis-
tration of antibiotics. In cases of DD, a commonly

Tab. 2. Effectiveness of current DD treatment methods
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used treatment protocol includes debridement of the
affected areas followed by the topical application of
oxytetracycline or lincomycin under a gauze dressing
and bandage (6, 11, 73). Although systemic antibiotic
administration has also been reported, its use is limited
due to concerns related to withdrawal periods. In herds
with a high risk of DD or in which the disease is already
present, the use of prophylactic hoof baths containing
disinfectant and bactericidal agents is recommended
as part of routine herd management (53, 54).

Salicylic acid (SA)

Salicylic acid (2-hydroxybenzoic acid, SA) is widely
known for its keratolytic, anti-inflammatory, and disin-
fectant properties. Commercially available pastes and
powders containing SA are formulated for treating skin
conditions in the interdigital area of cattle, primarily
digital dermatitis (DD) and interdigital phlegmon (14,
70, 82). Methyl salicylate, a component of these prepa-
rations, stimulates circulation and phagocytosis and
helps dissolves the intercellular cement in the stratum
corneum (9). Its antibacterial effect is attributed to the
inhibition of bacterial replication mechanisms (49).

Studies assessing the effectiveness of SA in treat-
ing DD (4, 14,45, 82, 101) typically involve applying
the paste or powder to a previously cleaned lesion,
including a margin of surrounding healthy tissue. The
area is then covered with gauze and a bandage. The
healing process is evaluated after several days to a few
weeks, and the procedure is repeated as needed until
full recovery is achieved. Clinical improvement is
usually observed within 2 to 5 weeks, although some
cows may experience relapse (4, 14, 45, 82, 101). The
reported effectiveness of this treatment varies and
appears to depend on the treatment protocol, specific
formulation, environmental conditions, and the stage
of the disease. The highest treatment success rates
are observed in M2-stage lesions, which tend to heal
more easily to M0, with improvement noted as early
as 3 days post-treatment (4, 82). Repeated applications
are often effective for chronic or poorly healing lesions.

Active substance

Reported Effectiveness

75%
57%
89%
68%

Oxytetracycline (spray) (39)

Tetracycline hydrochloride (2-5 g powder) (21)
Thiamphenicol (spray) (39)

Lincomyein (10 g powder) (11)

Erythromycin (35 mg/l hoof bath) (54)

Copper sulfate (7.5% hoof bath) (28)

Procaine penicillin (18,000 IU/kg IM x 6) (75)
Ceftiofur (2 mg/kg IM x 3) (75)

Cefquinome (1 mg/kg IM x 3 or x 5) (52)
Erythromycin (10 mg/kg IM once) (52)

60%
88%
100%
87%

Achieved Degree of Improvement | Time to Improvement/Healing
m4/mo* 28 days
Cured 8-12 days

m4/mo* 28 days

Cured 30 days

Improvement 4 days
Prevention =
Cured -
Cured =
Improved results after a 5-day therapy - -
Comparable to erythromycin footbaths - =

Explanations: * M0 — normal claw skin without any signs of DD; M4 — late-stage, chronic lesions characterized by hyperkeratotic

and/or proliferative tissue changes



Proliferative lesions, classified as M4, are more dif-
ficult to treat and may require prolonged SA exposure
to penetrate deeper skin layers, where Treponema spp.
can persist in a protected form, contributing to recur-
rence (24, 44). The proportion of cows with M4 lesions
achieving permanent recovery ranged from 13.6%,
while success rates for M2 lesions reached up to 100%.
Overall, treatment with SA resulted in improvement
rates exceeding 36.9% (4, 14, 45, 82, 101).

In one study, histopathological results of biopsy
samples from areas previously treated with salicylic
acid revealed no inflammatory changes or only mild
to moderate perivascular, chronic lymphoplasmacytic
dermatitis, without evidence of ulceration or abnormal
keratinization. Additionally, RT-PCR testing detected
no spirochetal DNA in 88% of the samples (4). In an-
other study, modified Warthin-Starry staining revealed
the absence of spirochetes in 43% of samples from
DD-affected areas post-SA treatment, while 36% of
samples contained only small amounts of spirochetes
limited to the epidermis. Overall, 63% of healed lesions
were free of spirochetes (14). Comparative studies
evaluating the effectiveness of tetracyclines versus
salicylic acid in the treatment of DD demonstrated that
SA was more effective than tetracycline spray. After 21
days of treatment, the cure rate with SA was 1.75 times
higher than with tetracyclines (45). In another study,
after 34 days, the cure rate was 2.3 to 2.75 times higher
with SA (82). These studies, however, assessed only
short-term clinical improvement and did not provide
information on potential relapse rates.

SA also exhibits anti-inflammatory properties, which
help to alleviate inflammation and reduce pain associ-
ated with DD (82). Its use is particularly indicated for
hyperkeratotic and dyskeratotic lesions; however, ap-
plication to ulcerated areas may cause discomfort and
the potential for local irritation (94). A limitation of this
treatment approach is the requirement for a dressing
after each application, necessitating limb lifting and
animal restraint during every procedure. Comparable
therapeutic outcomes in DD treatment have been re-
ported with the use of other preparations containing
inorganic or organic acids (14, 46).

Chelated copper and zinc (IHF)

Copper plays a significant role in wound healing due
to its potential biocidal properties and its function as
a cofactor in the synthesis and stabilization of extracel-
lular matrix proteins in the skin. It also promotes an-
giogenesis, thereby supporting tissue regeneration (12).
Zinc, likewise, is an essential cofactor for numerous
metalloenzymes involved in membrane repair, cellular
proliferation, and immune function. Zinc deficiency
has been associated with impaired wound healing and
the development of dermatological lesions (56). The
chelation of these metals results in the formation of
organic complexes that enhance tissue absorption and
bioavailability (32).
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The treatment of DD in cattle with a gel containing
chelated copper and zinc typically involves applica-
tion to previously trimmed and cleaned hooves at the
site of lesions. Following application, dressings are
applied, and the healing process is assessed at specific
intervals: on days 7, 14, 21, and 28 (35); on days 3, 7,
and 10 (95); or weekly over a five-week period (43).
Reported treatment efficacy within 7 to 10 days ranged
from 86.8% to 100%, with all M2-stage lesions show-
ing clinical improvement (23, 35, 95). In the study by
Holzhauer’s et al. (35), complete healing (transition
to MO0) was achieved in 50% of cows after 28 days. In
contrast, another study reported that only 4% of lesions
reached MO after 10 days of treatment (95). Despite
this variation, the overall healing rate in both studies
ranged from 92% to 94%, although lesions classified
as M4 — representing the chronic non-painful stage of
DD — were also included among the healed cases (35,
95). Only one study evaluated the long-term efficacy
of IHF treatment. It reported a healing rate of 33.3%,
after one week, increasing to 71% after five weeks (43).

Studies comparing the effectiveness of the IFH gel
with the commonly used topical chlortetracycline have
yielded variable results. One study reported that, after
28 days, the proportion of completely healed lesions
was 92% for IHF and 58% for chlortetracycline —
a difference of 34 percentage points (35). In contrast,
another study found that after 28 days, the healing
rates were 81.8% for chlortetracycline and 63.2% for
IHF, increasing to 86% and 71%, respectively, after
35 days (43).

None of the available studies assessed histological
or cytological changes during treatment. The effective-
ness of IHF was evaluated solely based on clinical
examination and organoleptic assessment, which intro-
duces a degree of subjectivity. Moreover, the limited
number of studies and absence of long-term follow-up
hinder definitive conclusions regarding the efficacy
of IHF. Interpretation of clinical healing may also be
confounded by the pharmacological action of IHF
components. Copper, for instance, acts as an astringent
and drying agent, that promotes healing — specifically,
the transition to the M3 stage, characterized by scab
formation. This effect may obscure accurate lesion
evaluation (25).

There are limited reports on the prophylactic and
therapeutic use of IHF in the form of hoof baths or
sprays (19, 76, 77). The reported effectiveness varies
widely, ranging from 38% to 98%, depending on the
specific treatment protocol employed (19, 76, 77).
However, the broad application of IHF — particularly
in hoof baths — raises environmental concerns due to
its potential toxicity.

Allyl isothiocyanate (AITC)

Recent years have seen growing interest in the
use of plant-derived extracts. One such compound is
allyl isothiocyanate (AITC), which is obtained from
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plants of the Brassicaceae family, including Japanese
horseradish (Wasabia japonica) and mustard greens
(Brassica juncea) (90). AITC demonstrates strong anti-
bacterial activity against Gram-negative bacteria, such
as Salmonella Montevideo (55) and Escherichia coli
O157:H7 (55, 59), as well as Gram-positive bacteria,
including Staphylococcus aureus (58). Its antibacterial
effect primarily results from the inhibition of bacterial
macromolecule biosynthesis during the growth phase
(36).

Current research indicates that AITC alleviates
digital dermatitis (DD) lesions within two days of
treatment, reducing lesion severity from stage M2 to
M4, M3, or M1 (20, 105). Microscopic examination
following a two-day course of AITC combined with
hoof trimming revealed an absence of Treponema-like
spirochetes on the lesion surface, and histopathologi-
cal analysis showed no presence of these spirochetes
within the keratin layer by day six (105). Overall,
no significant difference in therapeutic efficacy was
observed between AITC and lincomycin treatments.
Analysis of the 16S rRNA amplicon from DD micro-
biota identified operational taxonomic units (OTUs)
assigned to the genus Treponema in less than 5%
of the population following both therapies. Notably,
some individuals did not respond to either treatment
modality (20, 30).

Importantly, AITC administration may transiently
increase perceived pain due to the binding of plant-
derived compounds to TRPA1 cation channels, leading
to the activation of nociceptors and the induction of an
inflammatory response (42, 97).

Sodium alginate (ALG)

Sodium alginate (ALG) has gained popularity in
veterinary medicine due to its efficacy in treating udder
cleft dermatitis (UCD) in dairy cows (103). Derived
from the cell walls of brown algae, ALG exhibits
significant wound-healing potential owing to its gel-
forming properties, which mimic the structure of the
extracellular matrix (1). Commercially available ALG
gels also contain the enzymatic system GLG (glu-
cose oxidase, lactoperoxidase, and guaiacol), which
facilitates the controlled release of free radicals that
selectively target and destroy bacterial cell walls (83).

Studies evaluating the effectiveness of ALG in the
treatment of digital dermatitis (DD) have not produced
results comparable to those observed in the treatment
of UCD. Chiba et al. reported that a two-day course
of ALG applied under a bandage to M2-stage lesions
resulted in no clinical improvement (20). Similar con-
clusions were reached by Hesseling, Vanhoudt, and
colleagues, who observed clinical improvement in only
27-29% of lesions after 10 days, with complete heal-
ing achieved in just 0-2% of cases (33, 95). Although
Hesseling attributed these poor outcomes to the short
observation period, subsequent studies reported no
improvement up to week 11 and documented a high

relapse risk (0.55). In contrast, treatment with metal
chelates comparable lesion stages resulted in 84-92.5%
clinical improvement and a lower relapse risk of 0.29
(20, 95).

Based on these findings, sodium alginate does not
appear to be a viable alternative as a monotherapy for
DD when compared to currently established treatment
methods.

Honey

The therapeutic use of honey dates back to approxi-
mately 2000 BCE, when it was applied topically for
the treatment of wounds and burns (63). While honey
is widely used in human medicine globally, application
in veterinary medicine has garnered increasing inter-
est since 2010 (60, 71). Honey exhibits antibacterial,
antiproliferative, anti-inflammatory, and antimutagenic
properties (3, 62). Although it is primarily composed
of sugars, honey also contains numerous vitamins,
minerals, antioxidants, and enzymes (27).

To date, only a limited number of studies have inves-
tigated the interventional use of honey in the treatment
of digital dermatitis (DD) in cattle. One study involv-
ing over 130 DD-affected hooves utilized cornflower
honey, which is noted for its higher average hydrogen
peroxide production — an important factor in its an-
tibacterial activity — as well as its ability to enhance
blood flow and stimulate the healing process compared
to other honey types (26, 93). The treatment protocol
included weekly hoof trimming and cleaning, followed
by the application of 10 g of cornflower honey to the
lesion, and subsequent bandaging. After two weeks,
the probability of healing increased to 40% for chronic
lesions and 55% for early-stage lesions, compared to
control groups that received only cleaning and trim-
ming (8%) or cleaning, trimming, and bandaging
(30%). After four weeks, more than 80% of all hooves
treated with cornflower honey had formed a complete
epithelial layer and were considered healed (65).

Two subsequent studies evaluated the efficacy of
honey as part of a combination therapy. The treatment
protocol involved a single application of a honey-
iodine paste to DD lesions under a bandage, combined
with hoof baths in an acidified 5% copper sulfate so-
lution twice weekly. This regimen resulted in a 25%
healing rate (MO stage) after three days. However,
the proportion of healed lesions declined over time,
suggesting recurrence of the disease, and average le-
sion size increased. By day 28, M1 and M2 lesions
had progressed to M4.1, and only 11% of lesions
remained at MO. The overall healing efficacy at day
120 was estimated at 44.4% when both M0 and M4
stages were considered. Compared to treatment using
a copper sulfate-iodine paste under a bandage alone,
the odds ratio for healing in this combined approach
was more than four times higher (69).

Currently, a commercially available paste contain-
ing honey, salicylic acid, and glycerol is marketed in
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Europe. A study assessing its efficacy involved 19
cows with DD lesions classified as stages M2 and
M4.1. Following hoof trimming, the paste was applied
to the lesions and covered with a bandage. Treatment
progress was evaluated on days 3, 7, 10, and 14, with
repeated application as needed. By day 14, 95% of le-
sions were considered healed. However, this included
lesions at stages M3 (40%), M4 (47.5%), and MO
(7.5%), with only stage MO representing complete
healing. A limitation of this study was the concurrent
evaluation of both the honey paste and IHF paste on
lesions of the same stage, with results reflecting the
combined efficacy of both treatments (91).

Given the limited number of studies on the efficacy
of honey as monotherapy for DD and the variability
in reported outcomes, definitive conclusions cannot be
drawn. Further randomized controlled trials are war-
ranted, incorporating control groups, differentiating by
honey type, and including diagnostic assessments for
the presence of Treponema species.

New directions in the treatment of digital dermatitis

Cholecalciferol (vitamin D5). Cholecalciferol does
not have a direct antibacterial or anti-inflammatory
effect on digital dermatitis lesions, but it stimulates
the production of natural skin defense peptides, such
as B-defensins. It can act as an adjunct in DD therapy
by increasing local skin immunity. However, studies
to date have not confirmed its effectiveness as a stand-
alone treatment in clinical settings (100).

Silver nanoparticles. /n vitro studies have shown
that silver nanoparticles have a strong bactericidal
effect on pathogens responsible for DD. They may
be a potential alternative or supplement to traditional
methods, but there is a lack of research confirming
their effectiveness in farm conditions and in dairy cattle
populations (48).

Calcium hydroxide. When used in hoof baths, it
has been shown to reduce the number of active DD
lesions and prevent recurrence. Its action is based
on a strongly alkaline reaction that inhibits bacterial
growth. However, the risk of local skin burns resulting
from the high pH of the preparation should be taken
into account (74).

The three therapeutic approaches described — name-
ly, cholecalciferol supplementation, the use of silver
nanoparticles, and the use of calcium hydroxide in hoof
baths — are based on the results of single, preliminary
studies. The mechanisms of action presented are of
interest, and there is considerable practical potential,
but it is essential that these results are interpreted with
great caution. In order to reach a conclusion, it is nec-
essary to conduct further extensive and well-planned
field studies on larger cattle populations.

In the ,,One Health” approach, efforts are being made
to minimize the use of antibiotics in cattle production.
Alternative methods for treating digital dermatitis (DD)
are arapidly evolving area of research. Currently, com-
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mercially available products combining the aforemen-
tioned active substances have demonstrated promising
efficacy. Further studies are necessary to validate their
long-term effectiveness under different farming con-
ditions, assess potential resistance development, and
evaluate their economic feasibility. A continued focus
on integrated herd management, early detection, and
preventative strategies will be essential to sustainably
control DD while aligning with global antimicrobial
stewardship goals.
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