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Disinfectant footbathing agents
for the control of bovine digital
dermatitis in dairy cattle

The use of biocidal agents in footbaths for dairy cows as an alternative to antibiotics

is becoming standard practice in the UK. However, with numerous biocides available

for use in footbaths and varying advice on the frequency with which footbaths should
be used, practitioners may refer to the published literature for guidance. The evidence
would suggest a variety of biocides are effective at improving bovine digital dermatitis
(BDD) lesion score in cows with lesions. However, little published data is available on the
protective effective of regular (such as daily) foot disinfection protocols for cows without
BDD lesions despite the widespread anecdotal evidence for its efficacy. Formalin and
copper sulphate are the most commonly used biocides, both of which should be used
with significant precautions. Whichever biocide is used, practical considerations with
regard to footbath design and care with making solutions to the correct concentration
should be addressed.

10.12968/live.2014.19.1.6

Nick J Bell MA VetMB PhD MRCVS Royal Veterinary College Lecturer in veterinary livestock extension serv-
ices, Dorchester, Dorset DT2 8PY

Sarah Potterton BSc PhD School of Biosciences, University of Nottingham, Sutton Bonington Campus,
Sutton Bonington, Leicestershire, LE12 5RD

Roger Blowey BSc, BVSc, FRCVS, FRAgS, Wood Veterinary Group, 125 Bristol Road, Gloucester GI2 4NB
Helen Rebecca Whay BSc, PhD Department of Clinical Veterinary Science, University of Bristol, Langford
House, Langford, BS40 5DU

Jonathan N Huxley BVetMed, DCHP, DipECBHM, PhD, MRCVS School of Veterinary Medicine and Science,
University of Nottingham, Sutton Bonington Campus, Sutton Bonington, Leicestershire, LE12 5RD

Key words: dairy cattle | footbath | biocide | disinfection | bovine digital dermatitis

ootbathing (FB) has become one of the mainstays for

the control of bovine digital dermatitis, foul-in-the-

foot, toe necrosis and other related foot lesions in

dairy cattle. Reports describing the use of formalin

in footbaths for the control of lameness (Davies, 1982; Arkins

et al, 1986) pre-date the first occurrence of digital dermatitis in

the UK (Blowey and Sharp, 1988) highlighting there may be

potential benefits to foot health other than just controlling skin
infections.

While there are licensed antimicrobial therapies for the treat-

ment of individual cattle with digital dermatitis, at present there
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are no licensed treatments available in the UK for herd level
treatments in footbaths. Regimens for the use of antimicrobials
in footbaths have been proposed (Watson, 1999; Laven and Prov-
en, 2000). However, the importance of reactivating hyperkera-
totic (‘M4') stages during epidemics is just becoming understood
(Dopfer et al, 2012) which indicates more emphasis is needed
on footbathing approaches that prevent recrudescence from dor-
mant M4 lesions as well as preventing and treating acute lesions.
Furthermore the veterinary profession is likely to face mounting
pressure to adopt non-antibiotic alternatives to disease control as
the livestock industry adopts more responsible and sustainable
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Table 1. Twelve papers describing footbathing intervention studies evaluating biocidal agents

for the control of digital dermatitis in dairy cattle

(2005), Brazil

from two herds

trol and the following four groups:

® Hypochlorite 1% solution in
footbath twice daily for 30 days
AND intravenous oxytetracycline
10 mg/kg q 48 hours repeated
4 times

® Hypochlorite 1% solution in
footbath twice daily for 30 days

® Intravenous oxytetracycline
10 mg/kg q 48 hours repeated
4 times

® Commercial topical ointment

with a combination
of systemic antibiotic
and footbathing,
with footbathing ap-
pearing to be most
beneficial

rates were as follows:
Gp1 86.67%

Gp2 73.33%

Gp3 56.67%

Gp4 50%

Author Study Study design Outcomes Key results Study weaknesses
(date), population
country
Laven and 187 Holstein-Frie- | Randomised positive-control trial: Improvement in Percentage of hind- | Short (21 day) evaluation
Hunt (2002), | sian cows from 2 days of 2.1 g/litre Erythromycin lesion score over 21 | limbs with lesions of lesions. No preventa-
UK a group of 369 (positive control) comparison with days for all treat- following 21 days: tive outcome measure,
cubicle housed 7 consecutive days of 6% formalin, | ments (no significant | copper sulphate ap- | i.e. lesion-free cows not
lactating cows 2% copper sulphate or 1% peracetic | difference between | proximately 25%, for- | acquiring digital dermatitis.
in a herd of 550 | acid treatments over malin approximately | Housing and slurry scraping
milking cows time) 35%, peracetic acid | not identical for all groups.
(8500 litres aver- approximately 50% Lesion score involved both
age milk yield) and erythromycin ap- | depth and grade, but
proximately 50% current understanding is
that grade (M stage as
described by Dopfer et al,
1997) is not a chronological
scale of lesion progression
Manske et 43 Swedish Red | Split-leg footbath design for within | Acidified water Cure rates: Six point nominal lesion
al (2002), and 15 Swedish | cow negative control (water). Five significantly better acidified copper 20 score scale used not
Sweden Holsteins in one | periods of footbathing for a median | at curing digital out of 24 animals vs | consistent with current
herd of 10 days with a gap between dermatitis lesions 12 out of 24 animals | concepts in lesion transi-
bouts of median 5.5 days. Com- than water but there | for water tions. Small herd size and
parison of 0.6% ionised copper was no difference variations in management
(Hoofpro+, SSI, Julesberg, CO) with | in lesion preven- means replication of this
water as a negative control tion. No difference trial would be difficult.
detected for lesions For example, refreshing of
in front feet solutions occurred if the
baths were perceived to be
dirty. No comments on the
limitations of split footbath
design in terms of cows
placing all feet in one foot
well or contamination of
chemical from one footwell
affecting the other side
Silva et al 120 Holsteins Randomised field trial with no con- | Recovery was best Reported recovery All lesions were surgically

debrided prior to the trial

Holzhauer
et al (2008),
The Nether-
lands

© 2014 MA Healthcare Ltd

140 lactating
dairy cows
(95% Holstein-
Friesians)

Randomised control trial:

Control Gp 5 =1 once per week
through 4% formalin

Gp 1= twice on one day, every other
week, 4% formalin

Gp 2 =on days 7, 28 and 90 water
sprayed clean and bathed with com-
mercial compound

Gp 3 = once per week commercial
compound

Gp 4 = once per week 3% sodium
carbonate solution

The reference group
(4% formalin)
achieved the lowest
and most consist-
ent control of M2
lesions

By the end of the
study each group
had achieved the
following prevalence
of M2 lesions:
Reference Gp<5%
Gp2 5-10%

Gp3 ~40%

Gp4 outbreak
period 12

Gp5 outbreak
period 9-13

No cross over and condi-
tions not identical between
groups

Livestock.Downloaded from magonlinelibrary.com by 086.176.192.149 on March 25, 2015. For personal use only. No other uses without permission. . All rights reserved.

RIGHTS LI M KdZpruary 2014, Volume 19 No 1

7



CATTLE

regimens:

® Dragonhyde 5%

® Formalin 5%

® Copper sulphate 5% and 10%

different to copper
sulphate

the formalin group
compared with the
Dragonhyde group
(30% bovine digital
dermatitis (BDD)
lesions vs 23%).
Copper had 0.88
the odds of having
a BDD lesion (26%
BDD lesions vs 31%)

Thomsen et | Four herds per Splitleg footbath design with nega- | No significance dif- Split-leg footbath design
al (2008), product; 100 ran- | tive control. Three products tested: ference compared (disadvantages as outlined
Denmark domly selected ® 1.5% Virocid (glutaraldehyde, with the negative above)
cows from each didecylmethylammoniumchloride, | control
farm; Danish and
breeds alkyldimethylammoniumchloride;
Cid Lines, Leper, Belgium)
® 2% Hoofcare DA(quaternary
ammonium compounds; Delaval,
Drongen, Belgium)
® 1% Kickstart 2 (hydrogen
peroxide, acetic acid, and
peracetic acid; Cid Lines)
Cows walked through footbathing
solutions 2 days per week for 8
weeks
Speijers et 118 lactating Three biocides tested: 5% copper sulphate | Prevalence M1,M2 Result potentially confound-
al (2010), Holstein-Friesians | ® Copper sulphate pentahydrate 4X/1W was found and M4 lesions for: ed by re-allocation of cows
Northern (95%) (2% and 5%) to be the most ef- 5% Cu X4/W1=7% to new treatment groups
Ireland ® Sodium hypochlorite (2%) fective footbathing 2% Cu X4/W1=21% | for welfare reasons
® Sodium chloride (10%) agent, significantly
more effective than
No footbath was used as a control sodium hypochlorite
Three footbathing regimens tested: | and control. Sodium
® Four consecutive milkings every | hypochlorite was
week (X4/W1) no different to the
® Four consecutive milkings every | control. There is no
other week (X4/W2) benefit to using 10%
® Alternating weeks of X4 copper | salt water alternated
and X4 salt each week with cop-
per sulphate
Teixeira et al | 406 lactating A commercial biocide tested using Dragonhyde per- Cows had 1.36 Only twice weekly regimens
(2010), USA | Holsteins in a formalin and copper as positive formed better than | greater odds of tested. Solutions were
2800 herd controls in twice weekly footbathing | formalin but was no | having a lesion if in replaced every 45 cows

Holzhauer et
al (2012), The

120 Holsteins

A 4 month, split-leg footbath trial
comparing 4% formalin (1 day per

Cows were 3 times
less likely to develop

Prevalence of M2
lesions in the two

Formalin only used 1 day
per week (compared with 5

Netherlands week) with acidified, ionised copper | an ulcerative lesion groups: days per week for copper).
sulphate (5 days per week) on the copper based | Formalin=20 new Split-leg footbath design
regimen. The was no | case and 19 cured (disadvantages as outlined
difference in curative | Copper=7 new cases | above)
rates between treat- | and 17 cured
ments
Logue et 408 Holstein- Splitleg footbath design with 5% Copper sulphate per- | 4.4 m footbaths Opportunity for one or
al (2012), Friesians copper sulphate as a positive con- formed significantly | (2x2.2 m baths in se- | two baths in series was
Scotland trol compared with a commercial better than the com- | ries) had significantly | determined by the layout
heavy metal product. Footbathing mercial product lower prevalence of the exit race. Details
twice daily for 3 consecutive days than the single 2.2 about the commercial
over 103 days in total. Some herds m baths product not revealed.
treated with footbaths in serial (4.4 Splitleg footbath design
m), some with single baths (2.2 m). (disadvantages as outlined
above)
RIGHTS I Livestock | January/February 2014, Volume 19 No 1
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Relun et 4677 lactating 6 month quasi-randomised trial with | A walk through Cure rates for each Quasi randomised trial, with
al (2012), dairy cows on 52 | negative control (no footbathing footbath every 4 group: a focus on cure rates rather
France farms and individual treatment of cases) weeks alone is not Cx=58% than daily disinfection
compared with: sufficient to control | FB/4W=55%
® Footbath four consecutive BDD alone. Rate of | FB/2W=76%
milkings every 4 weeks (FB/4W) | healing was influ- CS/2W=76%
® Four consecutive milkings every | enced by grazing,
2 weeks (FB/2W) foot cleanliness, size
® Collective spraying for two of initial lesion and
milkings every 2 weeks (CS/2W) | addition of topical
Chelated copper (3.5 g/litre) and treatment
zinc (0.5 g/litre) was used in the
footbath. A stronger solution was
used in the spray (20 g/litre for both
chelated copper and zinc)
Speijers et Experiment 1: Experiment 1 involved 14 weeks of | Increasing the inter- | Experiment 1 —no The protective effect of 5%
al (2012), 70 lactating footbathing using: val between copper | active (M1, M2) le- copper sulphate footbath-
Northern Holstein-Friesian | ® 5% copper sulphate every week, | sulphate footbaths sions found in either | ing was not evaluated. No
Ireland cows with BDD four consecutive milkings was not recom- group. M4 lesions were observed
lesions ® 5% copper sulphate every 2 mended as a means | Experiment 2 —sig- | (unusual)
Experiment 2: 64 weeks, four consecutive milkings | of reducing copper | nificantly fewer cows
Holstein-Friesians | Experiment 2 involved 14 weeks of | sulphate usage with BDD lesions
without BDD footbathing using: with fortnightly vs
lesions ® 5% copper sulphate every 2 monthly footbathing
weeks, four consecutive milkings
® 5% copper sulphate every 4
weeks, four consecutive milkings
Relun et 4678 dairy cows | Farms allocated to treatments by Compared with 88.2% of feet were No reporting of cure rates
al (2013), on 52 farms minimisation. Farms individual cow treat- | free of lesions at the | throughout the study
France (80% Holsteins, | allocated to either: ment alone, collec- start of the study
20% Normande | ® Footbath vs collective spraying tive treatments were
breed) ® 2 days every 2 weeks vs 2 days better only if used
every 4 weeks every 2 weeks
Chelated copper and zinc solu-
tions were used in the footbath
(5% Hoofit solution, Intracare, The
Netherlands) and spray solution
(50% Hoofit liquid, Intracare, The
Netherlands)

use of antimicrobials. This article reviews the evidence for the use
of non-antibiotic biocides as part of foot disinfection and cleans-
ing protocols.

A systematic review of peer-reviewed literature related to lame-
ness in dairy cattle published between 2000 and 2011 was previ-
ously conducted (Potterton et al, 2011). The papers identified as
relevant to foot disinfection were supplemented with literature
published before and after this period by searching Pubmed, Sci-
ence Direct, Cab direct and other databases present on Metalib
(ExLibris) using the following search terms: ‘dairy’ AND ‘foot-
bath’. Twelve peer-reviewed papers on non-antibiotic biocides
that appeared in the English language journals were reviewed,

z  with several other papers on the practicalities of footbathing and

& best practice. Table I summarises the reported findings from each

% relevant paper on biocides used in footbaths for the control of

< digital dermatitis and related foot lesions in dairy cattle.

g Very few surveys have been conducted on footbathing practic-

© es in the UK. Formalin and copper sulphate are commonly used
RIGHTS LI M KdZpruary 2014, Volume 19 No 1

(Bell, 2004), and it has been estimated on the basis of formalin
sales figures that as many as half of UK dairy farmers use formalin
on a weekly basis (Stephen Kenyon, personal communication).

Formalin
Formalin (37% formaldehyde by weight) is a tissue fixative used
by the embalming industry and for disinfection. It destroys bacte-
ria by alkylating amino and sulphydral groups in bacterial proteins
and nucleic acids. Hartshorn et al (2013) found the minimum
bacteriocidal concentration (MBC) levels for killing treponemes
was about 0.325% with 20% manure contamination. However,
under field conditions, concentrations of 3—5% are typically rec-
ommended for footbaths which may reflect the benefit of high
doses for penetrating the organic matter on epithelium or in hair
follicles, or for penetrating exudates on granulation tissue and
hyperkeratotic lesions.

Despite its common use in the UK as a foot disinfectant, no
long-term longitudinal studies into the efficacy of daily formalin

9
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Figure 1. Long, narrow and high-walled foot bath design has been
advocated by some authors as this increases foot immersion time
(Cook et al 2013) and reduces kick-out losses of footbath solution.

footbathing for preventing the formation of new bovine digital
dermatitis lesions have been published. None-the-less, for many
farmers it has proved highly effective, with some lactating cows
walking through dilute formalin twice daily, and dry cows and
precalving heifers typically walking through dilute formalin once
three times weekly (Roger Blowey, personal communication).
Failures with formalin foot disinfection often relate to infre-
quent or intermittent footbathing regimens. Cows with severe
M2 lesions will react adversely to the pain associated with forma-
lin on these lesions. It is likely that organic matter contamination
levels will vary considerably according to farm- and regimen-spe-
cific conditions, although typical recommendations of replen-
ishment within 2 days or 300 cow passes have been suggested
(Holzhauer et al, 2004). Formaldehyde has very limited antibac-
terial properties below 10°C, but it has been shown that once
on the digital skin then temperature rapidly rises above that for
antibacterial action provided cows are allowed to stand in a clean
and dry environment (Cornelisse et al, 1982). Chemical burns on

I N A

cows’ feet may be encountered if concentrations are misjudged
or climatic conditions predispose (sunny, dry, windy conditions)
(Dyson et al, 2013). It is a probable carcinogen without a current
license under EU biocides directive and so its continued use as a
footbathing agent may soon become prohibited in the UK.

Copper sulphate
In the reported trials copper has been used more as a herd treat-
ment rather than a means of preventing new infections, although
Speijers et al (2012) demonstrated some protection was offered
by fortnightly footbathing with 5% copper sulphate when used on
four consecutive milkings. Hartshorn et al (2013) indicated that
in conditions of 20% manure contamination copper has an MBC
of 0.325% (identical to that of formalin). Consequently the au-
thors suggested there may be scope for using copper solutions at
much lower concentrations than the typical levels of 2-5%. Acidi-
fication of solutions using commercial products such as sodium
bisulphate (pH minus) or other commercially available acidifiers
may allow copper to be used at 2% or lower. Chelating copper may
be another option although the efficacy of this approach in foot-
baths remains unclear from the work done by Relun et al (2013).
Given the rising cost of copper and the serious bio-contam-
ination risk with regular footbathing, in some instances leading
to reduced lucern yields, further work is necessary to identify
optimal concentrations. Brizzi et al (2007) have shown there is an
apparent persistency of protection following copper and zinc sul-
phate footbathing (Kling-on Blue, Forum, UK) which may reflect
the on-going presence of copper and zinc on the skin and claw
horn many days after footbathing has occurred. While lengthen-
ing the interval between footbathing may reduce copper usage,
Speijers et al (2012) found this was not effective at maintaining
good control of digital dermatitis. Copper used at 5% on four
consecutive milkings every 1-2 weeks would appear to work well
as a regular treatment option.

Peracetic acid

Laven and Hunt (2002) showed 1% peracetic acid was not sig-
nificantly different in efficacy after 21 days compared with 6%
formalin and 2% copper sulphate (as measured by lesion score)
when used on 7 consecutive days. While efficacious in this trial,
in practice it has proved more challenging to maintain control
using regular peracetic acid footbathing alone, although some
commercial products (Hoofsure Endurance, Provita) are recom-
mended at twice daily intervals for optimal results in lactating
cows. Early work suggests this twice daily approach may be as
effective as some copper sulphate based regimens (Smith et al
2013). The main advantage of peracetic acid as a footbathing
agent is that it does not have the adverse environmental impact
of copper or the carcinogenic risks of formalin.

Other biocides and foot cleaning agents

Some of the benefit of the daily foot disinfection approach may
be derived from the cleaning action of walking through a footbath
solution. While parlour washings and hypochlorite solutions may
not be effective on their own, they may be useful as part of a
rotation with a biocide that has some curative actions (Speijers et

Livestock | January/February 2014, Volume 19 No 1
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Figure 2. Wide footbaths (>1.8m) that allow cows to pass are considered opti-
mal for cow flow in positions close to the parlour (Chesterton 2013). Some au-
thors suggest the pre-rinse footbath is unnecessary (Cook et al 2012) although
no reports have directly measured levels of contamination with or without the
pre-rinse.

RIGHTS L

al, 2010). Thomsen et al (2008) showed the automatic cleaning
of feet with a detergent had a protective effect. Several of the
papers in Table 1 highlighted the potential of some of the com-
mercially available biocides.

Some farmers have reported good control with mixing forma-
lin and copper sulphate although it should be emphasised that
mixing of other biocides should be done with great caution to
avoid risk of noxious gas release. Glutaraldehyde was evaluated
as topical spray by Manske et al (2002) and proved ineffective,
but that may reflect the very short shelf life of this biocide. Zinc
sulphate appears to have inferior MBCs compared with copper
sulphate (Hartshorn et al, 2013), but it could present another op-
tion as part of a rotation for footbathing provided the appropriate
environmental precautions are taken.

Other practical considerations

Whenever embarking on a regular (daily) footbathing regimen,
great consideration should be placed on the practicality of easy
filling and cleaning system (the ‘easy fill, easy clean’ concept).
Furthermore, balancing the time cows spend with feet immersed
in solution with the need for good cow flow requires careful judg-
ment. Cook et al (2012) proposed dimensions for a foot well (3 m
x 0.5 m x 0.28 m) which achieves a steady single file procession
of cows immersing 95% of feet at least twice while minimising
the solution kick-out rates and the cost of chemical needed (Fig-
ure 1). However, others have suggested much wider footbaths
that allow cows to move through the bath side-by-side as this
improves cow flow, as does ensuring the concrete levels are the
same inside the bath as outside the bath (Figure 2) (Chesterton
2013). The benefit of having a pre-rinse bath is still unclear; fur-
ther work is needed to demonstrate that long compartmentalised
baths do actually ensure the last cows through the footbath leave
the last compartment of the footbath with the effective concen-

IR

trations of biocidal agent. The reality is that priorities will vary
between farms and no single design will be optimal for all farms.

One of the biggest variables on farm may be the accuracy with
which the bath is filled and chemical added as one study dem-
onstrated large variations in target concentrations (Holzhauer et
al, 2004). The correct preparation of solutions deserves review
for all management groups, including dry cows and replacement
heifers.

Conclusions

Many published papers confirm improvements in lesion preva-
lence and severity using footbathing regimens based on number
of biocides, particularly formalin, copper sulphate and peracetic
acid. Despite its widespread popularity in the UK, there are no
published reports involving daily formalin footbaths. None-the-
less, anecdotal reports would suggest this regimen should be in-
vestigated further. However, the benefit of cleaning feet between
biocidal footbaths should not be overlooked and effectiveness of

footbathing may be determined by some of the simple practicali-

ties of footbath design.

Ackowledements: the authors would like to acknowledge DairyCo
for funding the original systematic literature review.

KEY POINTS

® Bovine digital dermatitis lesion score and prevalence
improves with most biocides with copper sulphate showing
the best results in cows with lesions.

® Little is published in the protective effects of biocides used
regularly.

® The copper sulphate regimens show relatively little
protection.

® There is no consensus on optimal footbath design but
issues of cow flow, foot immersion (depth and duration)
and solution loss are considered important.

® Correct solution strength and replenishment rates are
should not be assumed.
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