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ABSTRACT. Bovine digital dermatitis (BDD) is the most prevalent infectious cause of lameness 
in cattle. Because Treponema infection is a major etiology of BDD, the most common treatment 
of BDD is an antibiotic. Nonetheless, dairy cows require a withdrawal period after antibiotic 
treatment before their milk can be marketed. To address the problem, in this study, we tested 
whether 3 nonantibiotic agents (used separately)—allyl isothiocyanate (AITC), sodium alginate, 
and calcium hydroxide—alleviate BDD lesions in dairy cows. The AITC treatment improved the 
BDD lesions, whereas the sodium alginate and calcium hydroxide treatments did not. Therapeutic 
efficacy of AITC was similar to that of lincomycin, a topical antibiotic prescribed for BDD. These 
results suggest that AITC is a promising nonantibiotic agent for BDD treatment in dairy cows.
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Bovine digital dermatitis (BDD) is an important infectious foot disease of cattle; this illness affects the skin above the coronary 
band between the heel bulbs of the feet, resulting in lameness [5, 8, 10]. Because the prevalence and recurrence rates of BDD are 
high among cows [4], BDD not only decreases animal welfare but also causes serious economic losses for the dairy industry due to 
a reduced milk yield and low reproductive efficiency [1, 9]. A major cause of BDD is Treponema infection. Consequently, the most 
common treatment of BDD is an antibiotic, such as penicillin, erythromycin, oxytetracycline, or lincomycin [3, 4, 13, 18, 20, 23]. 
Nevertheless, after antibiotic treatment of BDD, cows must undergo a withdrawal period before their milk and meat products can 
be marketed; this situation causes further economic losses. Therefore, it is important to reduce the use of antibiotics in cows with 
BDD [12, 19, 31].

To overcome the above problems, some studies have examined nonantibiotic treatments in cows with BDD. One study revealed 
that treatment with salicylic acid improves BDD lesions [24]. Another study showed that a topical water-based gel containing 
activated copper and zinc is effective against the ulcerative stage of BDD [11]. A nonantibiotic paste containing metallic salts 
and organic acids, and a cream containing soluble copper, peroxide, and a cationic agent are also useful for the treatment of BDD 
lesions [12, 19]. These studies show that nonantibiotic agents are effective in the treatment of BDD.

In addition to these clinical trials, in the present study, we tested 3 nonantibiotics—allyl isothiocyanate (AITC), sodium alginate, 
and calcium hydroxide—for the treatment of cows with BDD. These chemicals have never been tested in cows with BDD. 
AITC is a natural extract from plants of family Brassicaceae, which includes wasabi (Wasabia japonica) and mustard (Brassica 
juncea). One study suggests that AITC affects bacterial cell membranes, inducing leakage of bacterial cellular metabolites [14]. 
The antibacterial activity of AITC has been demonstrated against Salmonella Montevideo [14], Escherichia coli O157:H7 [14, 
17], Helicobacter pylori [25], Campylobacter jejuni [7, 22], and Staphylococcus aureus [6, 16] but not against Treponema species. 
Sodium alginate is soluble dietary fiber from seaweed. Solutions of sodium alginate form a gel that can adhere to the mucous 
membranes of animals; accordingly, it has been used as a mucosa-protective agent for the treatment of gastrointestinal ulcers and 
reflux esophagitis [28, 32]. Calcium hydroxide is applied widely to inactivate pathogenic microorganisms in manure and sewage 
biosolids. It increases pH to 12 in these materials, which effectively inhibits the activities of pathogens such as coliforms and 
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Salmonella in poultry manure [2] and Salmonella typhimurium in horse manure [21]. The aim of the present study was to identify 
potential antibacterial agents among AITC, sodium alginate, and calcium hydroxide for the treatment of BDD in dairy cows. 
Because we found that only AITC effectively improved ulcerative BDD lesions, we then compared the therapeutic efficacy between 
AITC and lincomycin, one of the antibiotics commonly used to treat cows with BDD.

This study was approved by the Animal Research Committee, and we followed the Animal Experiment guidelines of Iwate 
University. Thirteen Holstein Friesian lactating dairy cows with BDD were used in the first experiment. The 13 cows were housed 
in a free-stall system with 127 other cows on a private dairy farm in Hokkaido, Japan. The barn had mattress-padded stalls, and 
the cows were fed a total mixed ration. BDD was diagnosed by inspection of ulcerative lesions of the skin above the coronary 
band between the heel bulbs of the rear feet by the same veterinarian (K.O.). The cows were topically treated with 1 of the 3 
nonantibiotic agents: AITC (Wasaouro Powder; 15.0% of AITC, 84.9% of starch, and 0.1% of tocopherol, Mitsubishi-Kagaku 
Foods, Tokyo, Japan), sodium alginate (Kanto Chemical, Tokyo, Japan), or calcium hydroxide (Wako Pure Chemical Industries, 
Osaka, Japan). AITC, sodium alginate, and calcium hydroxide were tested in 4, 4 and 5 cows with BDD, respectively. After feces 
were removed by washing with tap water, each agent (a 3-g aliquot) was placed directly on the skin affected by ulcerative lesions, 
covered with a 10 × 10 cm gauze pad, and wrapped with an elastic bandage (VetRap elastic bandage; 3M Products, St. Paul, MN, 
U.S.A.), which stayed on for 2 days. The ulcerative lesions of each cow were photographed, and severity was recorded by the 
categorizing method [10] immediately before and 2 days after treatment as follows: M0, normal skin; M1, a small ulcerative lesion 
(0–2 cm in diameter); M2, a large ulcerative lesion (>2 cm in diameter); M3, a healing stage with a scab-covered lesion; and M4, 
dyskeratosis or surface proliferation.

Twenty-six Holstein Friesian dairy cows (22 lactating and 4 nonlactating) with BDD were used in the next experiment. They 
were housed in a free-stall barn on a private dairy farm in Hokkaido, Japan that milks approximately 285 cows, and were fed a 
total mixed ration. BDD was diagnosed by inspection of ulcerative skin lesions above the coronary band of the rear feet by the 
same veterinarian (K.O.). The cows had no motor disorders, such as arthritis or periarthritis. The cows were randomly subdivided 
into 2 groups to receive topical 3 g of 15% AITC or 10 g of 40% lincomycin hydrochloride (Lincomycin Water Dispersion; Zoetis 
Japan, Tokyo, Japan). We tested AITC and lincomycin in 15 and 11 cows, respectively. The dose and duration were retrieved from 
another report [19]. After removal of feces via a wash of the lesions with tap water, the agents were placed directly on the lesion, 
covered with a 10 × 10 cm gauze pad, and wrapped with an elastic bandage, which stayed on for 7 days. The ulcerative lesions of 
each cow were photographed, and severity was recorded by the categorizing method [10] immediately before and 7 days after the 
treatment. BDD lesions were also examined in cows in which AITC or lincomycin was not effective 21 days after treatment. The 
therapeutic efficacy of AITC and lincomycin was compared on day 7 by Fisher’s exact test. Differences with P values <0.05 were 
considered significant.

The cows’ lameness was scored in 9 of the 15 cows treated with AITC and 8 of the 11 cows treated with lincomycin as described 
below. The cows were encouraged to walk 15 m on a relatively dry slatted floor in an alley (3 m wide) between 2 rows of free 
stalls and were examined by a person walking 3 m behind them. The same veterinarian (K.O.) evaluated the lameness, which was 
scored according to Sprecher’s locomotion score [27] as follows: Score 1, the cow walked normally with her back flat and without 
any sign of lameness, uneven gait, or head bobbing; Score 2, the cow exhibited mild lameness with a slightly arched back while 
only walking; Score 3, the cow showed moderate lameness with the back arched during standing and during walking; Score 4, the 
cow was obviously lame, with the back arched at all times during both standing and walking, and the head bobbed during walking; 
and Score 5, the cow was severely lame and unable to bear its weight on the affected leg.

In the first experiment, we determined the possibility of healing BDD by administration of 1 of 3 nonantibiotics within a few 
days. Given that the cows tested were actual clinical cases on a private dairy farm, we compared the therapeutic efficacy among 
AITC, sodium alginate, and calcium hydroxide in treated cows only. Figure 1 shows representative images of BDD lesions 
immediately before and 2 days after each treatment. BDD lesion severity was categorized into M2 in all 13 cows before the 

Fig. 1. Representative images of BDD lesions before and 2 days after each treatment: AITC (A), sodium alginate (B), or calcium hydroxide (C). 
Severity of this BDD lesion changed from M2 (Day 0) to M4 (Day 2) after the AITC treatment, whereas severity of the lesions did not change 
from M2 (Days 0 and 2) after the sodium alginate or calcium hydroxide treatments.
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treatments. M2, where the large ulcerative lesion over 2 cm in diameter was observed, was the highest severity of BDD in this 
study. AITC alleviated the BDD lesions and reduced the severity from M2 to M4 (dyskeratosis or surface proliferation) in 2 cows 
and to M1 (small ulcerative lesion with diameter less than 2 cm) in 2 cows. The severity of BDD lesions was not alleviated from 
initial M2 in 4 cows treated with sodium alginate and in 5 cows treated with calcium hydroxide. Although we tested therapeutic 
efficacy only 2 days after administration as preliminary experiments, we hypothesized that AITC is an effective nonantibiotic agent 
for the treatment of BDD in cows.

Because only AITC seemed to be effective against BDD lesions, the effects of the topical treatment with either AITC or 
lincomycin, which is an antibiotic frequently prescribed for BDD, were compared in cows with BDD of M2 severity (a large 
ulcerative lesion). Figure 2A shows representative images of the BDD lesions before and 7 days after the AITC treatment. In 14 of 
the 15 cows, AITC improved the BDD lesions until 7 days after the treatment by reducing the severity from M2 to M4 in 2 cows, 
to M3 in 11 cows, and to M1 in 1 cow. In contrast, the ulcerative lesion in 1 remaining cow showed no improvement. In 6 of 15 
cows, BDD lesions were also evaluated 2 and 4 days after treatment. Severity of BDD lesions was decreased from M2 to M3 in 
all 6 cows 2 days after treatment. At 4 days after treatment, M3 severity was reduced to M4 in 2 of the 6 cows and to M1 in 1 
of the 6 cows. BDD lesion severity did not change from 4 days to 7 days after treatment. Thus, we assumed that AITC treatment 
alleviated BDD in the 14 cows whose lesion improved after the treatment. On the other hand, BDD lesions were improved in 9 of 
the 11 cows until 7 days after lincomycin application (Fig. 2B). The BDD lesions had severity of M3 in 8 of the 9 cows and M1 in 
the other 1 cow 7 days after the lincomycin application. The remaining 2 of the 11 cows showed no improvement for 21 days after 
the lincomycin treatment. There was no significant difference (P=0.5558) in the ratios of cows exhibiting improvement to cows 
showing no improvement between the AITC and lincomycin treatments.

The lameness score decreased from 3 to 2 in 7 of the 9 cows 7 days after the AITC treatment, whereas the score of 3 did not 
change in the remaining 2 cows. One of the 2 cows with a lameness score of 3 was the cow whose lesion was not improved after 
treatment. In comparison, 7 days after the lincomycin treatment, the lameness score decreased from 3 to 2 in 3 of the 8 cows, was 
still 3 in 1 cow, and remained unchanged at 2 in the other 4 cows. The 2 cows whose lesion was not improved after treatment 
showed no improvement in the lameness score from 3 or 2. There was no significant difference (P=0.1534) in the ratios of cows 
showing an improvement of lameness scores to cows exhibiting no improvement of the score between the AITC and lincomycin 
treatments.

A major finding of this study is that AITC improved BDD lesions, and there was no significant difference in the therapeutic 
efficacy between AITC and lincomycin toward the BDD lesions or lameness. The result indicates that AITC can be used for BDD 
treatment, just as lincomycin can. Therefore, we propose that AITC is a promising nonantibiotic agent for treatment of BDD in 
dairy cows. We are currently conducting a large-scale observational study of cows with BDD to determine the therapeutic ratio 
of AITC toward BDD in dairy cows. Such a study will be necessary to validate AITC as a drug for clinical cases of BDD in 
veterinary medicine.

On the other hand, 1 and 2 cows did not respond to the treatment with AITC and lincomycin, respectively. We found that BDD 
lesions of these cows were not improved 21 days after each treatment (Fig. 3). This finding suggests that AITC and lincomycin 
were not effective in these cows. Although further research is needed to address the question why there are cows in which 
AITC and lincomycin do not work, it may be necessary to give such cows many different drugs including both antibiotics and 
nonantibiotics such as AITC at the same time and to do proper foot trimming with the treatment.

We are now elucidating how AITC improves BDD lesions in cows. One possibility is that AITC may affect the Treponema 
infection in BDD lesions directly. There are reports that AITC inhibits the biosynthesis of bacterial macromolecules in the 
exponential growth phase [14], and its amphiphilic chemical structure is involved in antibacterial activities toward gram-negative 

Fig. 2. Comparison of the BDD lesion improvement between AITC and lincomycin treatments. Representative images of BDD lesions before and 
7 days after treatment with AITC (A) or lincomycin (B). Severity of the BDD lesions changed from M2 (Day 0) to M3 (Day 7) after the AITC 
and lincomycin treatments.
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bacteria, such as Salmonella Montevideo and E. coli O157:H7 [14, 17]. Therefore, AITC may reduce the viability of Treponema 
species in BDD lesions, and then sterilize them. Further assays such as analyses of therapeutic efficacy of AITC, recurrence rates of 
BDD after more than 7 days, and identification, isolation, and quantification of representative bacteria from BDD lesions would be 
necessary to test the above possibility.

In veterinary medicine, we anticipate that the use of AITC will involve fewer restrictions than the use of antibiotics. A recent 
study indicates that automatic washing of hooves with water and soap for 2 months effectively decreased the prevalence of BDD in 
a commercial dairy herd [30]. We believe that water and soap in combination with AITC may be more effective for the treatment 
and prevention of BDD in cows. Another possibility is to use AITC as a disinfectant on dairy farms. Recurrence of BDD is a 
major problem in cows with BDD. It is thought that continuous Treponema infection in chronic BDD lesions and interdigital 
dermatitis cause BDD recurrence [4]. Contaminated bedding and floors of a free-stall barn are also etiological factors of recurrent 
BDD [3, 4, 23]. Disinfectants such as calcium hydroxide and chlorine, which are popular disinfectants among dairy farms, may be 
insufficient for removing Treponema species from heavily contaminated solutions, such as slurry. Formaldehyde and copper sulfate 
are used in foot baths and successfully control BDD [8, 26]. Nonetheless, there are concerns regarding these chemicals in terms 
of environmental contamination and their adverse effects on human health [15, 29]. Considering also that AITC is used as a food 
preservative and has strong antibacterial activity in the vapor phase [14], we propose that sterilization of dairy farms using AITC 
may prevent Treponema infection in cows.
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