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Abstract

A California dairyman m|Ik|n_(I;_1,969 COWS reP,orted
excessive cases of clinical mastitis, and questioned
whether teat-end lesions were assaciated with the prob-
lem, Usm,? a system ofteat-end lesion classification, the
entire mi kmé herd was observed for lesions during
January 2002, Qverall, 9.9% ofthe herd had some type
of lesign, including warts and Severe hyperkeratosis;
67% of |esions were severe teat-end hyperkeratosis.
Cows with teat lesions were three times more af risk of
clinical mastitis compared to cows without teat lesions.
Because of physical limjtations of the milking e(w)
ment and the owner’s reluctance to modify the milking
routing, no management changes were made.

Resume

Un producteur de lait Califomien avec un troupeau
de 1969 vaches a rapporte une frequence excessive de
mammite clinigue et se demandait si les lesjons a
|extremite des trayons etaient associees au probleme.
Avec Iaide dun systeme de classification des lesions a
I’'extremite des trayons, tout e troupeau fut observe pour
des lesions en janvier 2002. En tout, 9.9% des vaches
du troupeau montrajent des lesions de %uelque type (ﬂue
ce soit incluant des verrues et des cas severes
d'hyperkeratose. Pres de 67% des lesions impliguaient
hyperkeratose severe a I'extremite des trayons. Les
vaches avec des lesions aux trayons avaient trois fos
plus de.chance que les vaches sans lesions d’avoir de la
mammite clinique, En raison des restrictions physiques
reliees a lequipement laitier et du manque
d'enthousiasme du‘proprietaire a changer sa roufine de
trtal%e,taucun changement au niveau (e la gestion na
ete fait,
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Introduction

Pathogens and non-mf?ct!ous mechanisms are re-
ported to cause Injury and, lesions on.the teat ends of
dairy cattle. These are often classified into milking
machine_effects, environmental effects and infectious
ag;_nt,s. The resulting mg\u_nes and lesions may affect
Individual cows or the entire herd, and In sonfe cases
may be associated with increased cases of mastitis, Pap-
illomatosis, or warts, are common in_cattle and may
cause problems with milking and mastitis, Teat-end hy-
perkeratosis, when severe,’Is also associated with in-
creased prevelance of mastitis,

This report describes a field investigation of teat-
end lesions.in dairy cows, both warts anghyperkerato-
sis, and their association with increased clinical mastitis.

History

. The owner of a large (1969 milking cows) Califor-
nia dairy reported a continuing problent with warts on
cows'tedts. Moreover, he suspected that cows with warts
had a higher rate ofclinical mastitis than cows without
warts, He asked for advice on how to reduce the wart
and clinical mastitis problems. Dur|,n% the previous 5
months, cows milked in the north side of the milkin
parlor (84% lactation >1) averaged 79 (+/-31) cases 0
clinical mastitis per_ month, while cows milked in the
south side (71% In first lactation) averaged 40, (+/-14)
cases per month, The average daily milk production was
80 (+-0.8) and 70 W'N)l (36.47and 31.8 kg) tor cows
milked in.the north and south sides, respectlvelY. Dur-
Ing this time period, the bulk tank somatic cell count
(S C}:ran ed from 3?0,000 to 400,000 cells/ml. |

orty percent of cows were in their first lactation,
They were housed in a typical western, dry lot dairy.
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Corrals had shades and mounded piles of manure. Cows
were fed ann%feed alleys with shades and misters. The
area in the corrals near'tne feed alley was concrete, and
was flushed with recycled lagoon water.

Cows were milked in two double-15 herrrn bone
parlors with rapid exit egress. Afproxrmatey COWS
were milked p rhour rn each parlor. The vacuyum sys-
tem was a varlab e% ump wrth58rnchmr|khoses
andcawoutets emr rngs ystem vacuum was 134
rnc ) gan th %gu Isation

perm nute T K line was a 3-inch low line.

Two milkers work e In each ofthe parlors and were
responsible for both moving the cows to and from the
parlor, andmrlkrng Perrodrcall durrng%Neach shift, on
one milker remaified in the parlor. Cows were washe
ina sprinkler pen and aIIowed to drip dry Errorto milk-
Ing. The mrlkers wore gloves during milking and fre-
quentBywashe their hangs.

oth pre-dipping ana post-dipping was part ofthe
mastitis control program. An ioding germicide was ap-
plied usrn% dip cups, After E)re dipping, teats were drred
using single-use cloth towels Towelswere commercra [%
washied and dried, ommong/themr ers worked fro
the ends toward the middle 0f each side ofthe parlor to

g rly fore-strip and attachtheunrts However, there

eat varratron In the milking routine.

Cows with clinical mastitis were moved to the hos-
Prtal pen. For all but the. most severe cases of mastrtrs
reatment copsisted ofrnAectr?ns of ox Cytogrn followed by
mrlkrnrlr At the afternoon mi rn? each (a cows were
evalua gd f?r continued treatment or return to the mjlk-
Ing herd. All cows were dry-cow freated with an antibi-
ofic in each quarter at the end of lactation.

Materials and Methods

During a threg daX period in January 2002, teats
of all cows i the milking herd were visually examined

Table 1.
Lactation Number of milking
cows in the herd

(percentage)
910 (46
530 (27

CO—IOOOUT-=LOPOE—
—
w
I~
"

Total 1969

atio was 60/4?0W ﬂ rate of

Cows with teat lesions*
(percent of lactation group)

ba/ one ofthe guthors SJHKgdurrn mrIkrng The follow-
rt]]classrfrcatron system s usedto record teat lesions:
Characteristics: “1- rice- grarnwarts noted as a single

2 -pfronds like teat end hyperkera-
tosrs surroundrng the entire teat

3- fIat warts with a large base and
sIr ht ;rotrusron above the teat

Location of lesion: 1- srde of teat
eat end near the teat orifice

The affected teat(s )was noted during the examination.

To determine if masttis was associated with these
teat lesions, a case-control study was designed. The en-
tire herd was randomly numbered using a computer
spreadsheet macro. Once randomized, the_ list of cows
was re-ordered in ascendrn? order. Begrnnrng with the
smallest numbered cow, the Tist was scanned for recorded
clinical cases of mastitis, In the. mitking herd, 220 cows
were dentified that had experienced & clinical case of
mastitis, Returning to the Cow Jist, the first 222 cows
thflt had no recorded hrst?ry of clinical mastitis were
selected to serve as controls; thus there were 220 cows
with a history of clinical mastitis and 222 cows without
clinical mastitis. The list 0f442 cows, re‘oresentrng 22%
of the milking herd (n= 19691 was finally examined
identify thosé cows with teat lesions. The drstrrbutron
of these cows by lactation is shown in Table 1

Results

Teat-end lesions, including both the true wart tg’pe
lesions and the most severe forms of teat end f
eratosts, were found on 9.9% of the cows (Table"1)
the 194 cows In the herd found to have teat lesions 130
5670/ 0) had severe teat- endh% erkeratosis, 37 (19%) had
ice grain warts and 27 (14%) had tlat warts Most le-

Summary of teat-end conditions observed in a large California dairy herd during January 2002.

Cows in the case-
control study
(percent by lactation)

41 (45 173(39

12 (14 120 (27
371 64 (1

23 (1 4019

13 (16 26 (6

1 9
2(14 8(2
2(05)
194 (9.9% of herd) 442 (22% of herd)

* Includes all cows with warts and cows with severe teat end hyperkeratosis.
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sions were on the teat ends (77%) compared ft 0 the sides
ofthe teats (23%). Rice grain warts were to be
d drstrrbuted on the srdes and ends ofthe teafs.
art?]were ound Pre minately on thetFat sicles
(81% rat er than teat ends (19%). In first-lactation
COWS, nearP/ 4 5% were affected.” In lactations 2-7,
app roxomre é 5% of cows had some type of lesion.
Using Chi s uare It was determined that a cow
with any fype of teat lesion (wart and/or hyperkerato-
srs% was about three times more likel
clinical mastitis than cows without lesions (OR 2.98: 95%
Cl=1.43-6.32; Chrsduare 10.3; p=.0013) (Table 2). There
was not a significant lactation eﬁectwhen lactation was

rouped as 1, 2 or 3+ (OR 1.78; 95% CI= 0.56-6.01; Chi
gqua?e 113 'p= 028?(?Table J). The effect of a Ies(rson
was the same regardless whether the teat lesions were

true warts or hyperkeratosis (SOR 3.52; 95% Cl=0.72-
19.03; Chi square 2.02; p=0.115) (Table 4)

Discussion

This report demonstrates an association hefween
teat-end lesions and an increase in clinical mastitis b
using of a case-control strategy. Based on the case-con-
trol Study conducted on this dairy, cows with teat-end
lesions had almost three times more cases of clinical

Table 2. Associafion ofteat lesions (warts and hyper-
keratosis) with clinical mastitis for all milk-
Ing cows (all lactations) ina California dairy.
Mastitis Mastitis
Yes(n=220) No (n=222)
Teat lesions 32 12
No teat lesions 188 210

OR- 2.98 (95% C, 1.43-6.32) (Chi sq 10.3, p=0.0013)

Table 3. Association ofteat lesions (warts and hyper-

keratosis) with clinical mastitis for all milk-

mq cows stratified by lactation in a

California qairy.

Lactation ~ Teat Lesions Mastitis Mastitis
Group Yes No
1 Yes 5 3
1 No 53 112
2 Yes 12 4
2 No 54 50
3+ Yes 15 5
3t No 81 48

OR- 178 (9% Cl, 0.56-6.01) (Chi sq 1.13, p=0.28)
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to have a case of

Table 4. Associgtion of warts or teat h Perkeraéosrs

with clinical mastitis in a California dairy
herd.
Lactation ~ Teat Lesions Mastitis Mastitis
Yes No
1 Warts 3 2
1 Hyﬁerkeratosrs 2 1
1 0 lesions 53 112
2 Warts 7 2
2 Hyﬁerkeratosrs 5 2
2 0 lesions 54 50
3t Warts 1 3
3 Hyperkeratosis 4 2
3t No lesions 81 48

OR- 3.52 (95% Cl, 0.72 - 19.03) (Chi sq 2.02, p=0.115)

mastitis than cows without test-end |esions (Table 2).
Stratification of the case-control study cows 5{ lacta-
tion did not reveal a srgnrfrcant lactational effec gable
3). Additignally, the effect of warts and hyperkeratosis
on clinical mastitis was similar (Table 4).

APproxrmater 3% ofthe mrlkrn? cows in this herd
had af least one teat wart The J)reva ence ofteat Warts
In dairy cows has not b een pr vigus! y reporte
ever, the prevalence rsusua % owrn mil rngcows prob
ably due_to the use of g er rcr al teat d IPS on most
dairies. Germicidal teat rps and othermas It control
measures routinely used onthis dairy | rkexlrmrtedt e
spread ofviral warts from cow to cow during milkin

In most cases, papillomas or warts are consr ered
an individual cow roblem rather than a herd problem.
In this herd, the ri grarn warts were found both on
the sides of the teats nd on the teat ends, while flat
Warts were mostly located on the sides ofthe teats. With
few exceptions, these warts did notrmparrmrlkrnp ma-
chine aftachment or successfu| mrlkrng 6As in mostcom-
mercial dajries cowswere %urc ly marketed when they
became difficult to mr lk du fo teat warfs.

Based on the physical characteristics ofthe warts
seen In_ this herd the age of the anrmals and Iack of
regressron the warts were prob gcause gert er

bovine Ipaprllom VIrys %BPV Tahle
5) 1002 WaIts caused by these viruses generaIIY pear
in cows rather than caIves and are not likely 10 re-

ress.5l3Results of research studies on vaccination for
revention and treatment of warts are inconsistent.
any ofthe studies were conducted before reco?nrtron
of the various types of viruses that cause warfs, and
often failed to ‘Consider spontaneous regression in
ounger cattle. DR3UWhile success has been feported fol-
owrng vaccination of calves under 12 months of age, 40
neithér auto?enous nor commercial vaccings seem'to be
effective for treatment or control of BPV 3 or BPV 5in
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Table 5. Description of bovine papillomavirus (BPV) warts commonly found on cattle. 1351134

Type  Description Location Age Regression

BPV 1 %fypigaltl lt/vart filamentous,  Teats, penis Lessthan 2years  Spontaneous 1-12 months
rond like

BPV2  Multiple, gray, firm, small, ~ Head, neck, dewlap Lessthan 2years  Spontaneous 1-12 months
often raised on a stalk B

BPV3  Low, flat, circular, nostalk,  Non-specific All ages Permanent
frond like projections

BPV4  Papillomas Gastrointestinal tract, bladder

BPV 5 che %rarn shape, long, Teats All ages Permanent
smooth, white

adult cattle 234 For either autogenous or commercial
vaccines to be successful, they stiou|d contain the spe-
aific virus that is causrn? warts in the herd as there is
little cross-protection between virus types. 113

Due to the nature of the warts (BPV 3 or BPV SQ
and the mastitis control practices already in place onth
dairy, no opporfunity was seen o prevent warts on the
teats. For individual cases, surglcal mterventron for the
most severe cases was possiblé. In this herd, however,
COWS were sentto mark rather than eIectrn su Ogery

The majority ot teat -end lesions |nt IS herd were

¥Rerkeratosrs surrounding the teat orifice. Nearly 7%

ofthe herd was affected with severe hyﬂoerkeratosrs W |c
was below the reported actron evelw eremoret an 1
of the cows have very rough (V/ } esions.” Thesg non
viral lesions found on'teats have often been described as
rings or fronds with modifiers like smooth, rough or tlow-
ered.ZP Some, of the lesions have been reported to be
milking machine-related.69 The more_severe the lesion,
the greater the assoclation with mastitis.Z/

Several scortn%systems have been ysed to classif
boving teat lesions. An“adaptation of scoring systems of-

Table 6.

Teat condition Blowery and

Edmondson32

Perfect
Orifice appears open,
not circular
Moderate hy?erkeratosrs,
few rou%h ronds
Very rough, keratin
protruding around sphincter
Advanced protrusion;
sphincter appears to be
turned inside out

oo D o

ten used for routine field evaluations is shown in Table
6. Note that in two cases the authors have stipulated the
condition or level of conditions that might be assqciated
with an increased risk of masfitis. Other more definitive
systems have been proposed for research studjes.8
Man rr?k factors have heen associated with the
ap‘oearan e orrough teat ends with fronds or flowerm?
All'ofthese risk factors were considered in an effort
reduce the Oproblem on this dairy. These risk factors can
be g roupe as_cow, milking machine or milking tech-
[nque factors.6 Cow fact?rs are related tg teat shape
ength, teat position, mrkrng speed; production leve
stage of [actation: parrtt( and genetics. 79 Slower milk-
Ing (iowswrth Ion% E)om Et afs and higher productron
levelsr9are at greater risk for develo | %teat esions
Obviqusly thesg cow factors can only be described and
not alteréd to influence the prevalence of teat end le-
SIons. Envrronmenthas also heen rePortedto la aroIe
In teat lesions,bhowever, In this dalry the lesionis were
not this t%pe (bums, chaps, bites).
%machme factors on the other hand, can
be manrpul ed in hope of reducing the number of se-

Bovine teat-end condition classification systems currently in use for field evaluations.279

Neijenhuis, Mein, Mein, Nergenhurs

Britteta |0 Morgan efa | c7

N - none N - noring

A- slight

B - moderate S- smooth/ slightly
, rough ring .

C- thick R - rough with

isolated fronds
D - extreme VR - very rough

fronds, “flowered”

nly lesions with scores 3 or 4 are likely to contribute to increased mastitis.

RAlso add a category for smooth or rou%h

"Mastitis problems more likely when 20% of cows have R or VR, or more than 10% of cows have VR lesions.
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vere lesions associated with mastitis.29Machine factors
associated with teat-end lesions are total time per day
milking at less than 2.2 | Fl k%mrlk/mrnﬁte whether
at the egrnnrno or end of milking, the threshold for
automatrc takeo fremova Irnert pe and liner use. In-
creﬁse prevalence o( tea‘ end srons re assoclated
wit soworovermrl Ing, liners with stiffmouth pieces
or Irners mounte un er |gh tension, and liners that
arF used t%o on% 92 MilKin technrﬂue factors that
influence the number of teat-end [esiorls are pre-milk-
rng preparation and machine-on fime.79There Is an ob-
vIoUs overlap and combination effects of these factors.
Based on previous experiences, in this herd and
observations durrn% teat-end evaluations, both milking
machine and milkifg technique factors could have con-
tributed to the severe teat-end hyperkeratosis in this
herd. The milking machine factors were total machine-
on time and timé at low milk flow with hi gh vacuum,
he lack of consistency, |n the pre-milking foutine was
th eprrmary concernwrt mrlkrng technique.
fortunately, the veterin rran providing milk-
ing machine main enancern dicated it was not possile
to"adjust the takeoffs to come off sponer or at a low
rate of milk flow. During, the past few years sever
adjustments had been made to redyce machine-on tim
Thie veterinary consultant agreed that the pre-mi
|ng preParatron routine was not consistent and cou
be"im ove More consistent preparation could lead
to better letdown, quicker milk_out and less machine-
on time at fow milk flow and
ject had been broached with the dairyman on several

occasions by the consulting veterinarian, but the dairy-

man was unwrllrn? to change the habits of his long-
time milkers, As often h prr) ns, the case history ends
without resolution of the problem.

Conclusions

The association between excessive cases of clini-
cal mastitis and teat-end lesions was mvestrglated Us-
|nﬂ a system ofteat-end lesion classification, the entrre
m k gherd was observe for [esions. Overall, 9.9%
the hefd had some t&peo wart or severe hyperkerato
sis lesion. About 67% of the lesions were Severe teat-
end hwerkeratosrs Cows with teat-end lesions, were
more likely to have clinical mastitis than cows without
lesions. Because of physical limitations of the milking
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high vacuum. This sub-

equrro]ment and unwrllrnﬂness of the owner to mogli

Il mg routing, no ¢ anges were made at the tim

of the inv str ation to reduce teat-end lesions. Later
contact with the owner revealed his awareness of the
Problem New circult boards that could reduce the time
or detachment at the end of milking had been pur-
chased. However, six months after the study, the new
equrgment had not been installed and the number of
lInical mastitis cases ranged from 60 to 90 per month.
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1 your herd with protection against BVD1a and 1b

Only Surround™ ofters you the expanded protection your program needs In
the fight against diseases caused by BVDIla and BVDIh. And we do it with
antigens from proven strains of BVD la and b sub-genotypes.

The prevalence of BVDIa and BVDIb in North America accounts for approxi-
mately two-thirds of the tested samples containing BVD virus. (See sidebar.)

Safe, proven and highly immunogenic — Surround " inactivated cattle vaccines
are ideal for beef and dairy cattle in all stages of production.

Keep your herd at work with dual protection against BVD. S
Surround™ cattle vaccines — your best protection against
BVDIa and Ib.

Surround:The only vaccine with BVDIb.

New data on prevalence
of BVDla and Ib

It's been evident for years that BVD
presents itself in two genotypes - BVD1l
and BVD2. But more recent studies

show that the BVD1 genotype is actually
comprised of two genetically distinct
sub-genotypes - BVDIla and BVDIb (1) (2).

These and other findings are causing
many to rethink their vaccination
strategies against BVD as a more complete
picture is emerging:

+ In North America, the prevalence of
BVDIa and BVDIb sub-genotypes
accounts for approximately
two-thirds of the samples containing
the BVD virus.

+ Inactivated BVD vaccines are specific
to genotype and sub-genotype. And
their cross protective properties are
weak or non-existent (2).

For the latest research and information
on the prevalence and control of

the BVD virus in North America, see us
online at www.biocorah.com.

(1) Fulton RW, SalikiJT, etal. 2000. Bovine viral diarrhea
virus cytopathic and noncylopalhic biotypes and
type 1 and 2 genotypes in diagnostic laboratories
accessions: clinical and necropsy samples from cattle.
J.Vet Diag. Invest. 12:23-38

(2) Bolin SR and RidpathJF, 1998. Prevalence of bovine
viral diarrhea virus genotypes and antibodies against
those viral genotypes in fetal bovine serum.

J. Vet Diag. invest. 10:135-139
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