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Abstract

Ampicillin-resistant Escherichia coli |gARE coli)
suspended in a manure slurry, was placed on rubber and
Plastm hoot material surfaces to determine survival time.
n addition, rubber boots were immersed in the bacteria-
manure slurry, placed jn water, and then several disinfec-
tants were applied to the hoots to determine the hacterial
kil time. In the second phase ofthe stud?/ bootswere con-
taminated with the bactena manure slur Oy and plastic
and concrete surfaces were walked on to determine how
far the hacteria could be tracked.

-E. coliwas |solated from the surfaces ofboth rub-
ber and plastic stnﬁs or up to one day after th estnps
were inoculated with in th e R-E. cmsurrg withth eex
ception ofrubberstr [os atthe h|ghest température tested.
Acoho and Roccal-D Plus app egre %o et gmoteﬁec
tive disinfectants usea on rubber, followed by bleach
Betadine Solut|on NoIvasan Solution and water showed
similar efficacy. AR-E. coli could be isolated fromboot tracks
on Plastm fornearly 400 ft (121.9 m) and from a concrete
surtace for up to 150 1t (47.7 m).

Results of this stud empha3|ze the importance of
time_and temgerature on the abl|l% of disinfectants to
eliminate hacterial contamination in manure an é)orts
the use ofhiosecurity Good Management Practices E
to contéol the movément of potentially pathogeni bacte
ria on dairies.

Resume

Des surfaces consti Autes de materiel grovenant de
bottes ecaoutchouc ou Pasu (Jue ont ete recouvertes
avec du fumier liquid econ enant des bacteries Escheri-
chia coli resistantes a I'ampicilline (AREcoh pour
determiner le temps de survie des bacteries. Des bottes.en
caoutchouc ontaussi ete |mmergees dansdufumwrhgmde
contenant des bacteries puis ans de l'eau avant d'etre
desinfectees avec plusieurs produits pour determiner le
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temps necessaire a I'ehmination des bacteries. Dans la
seconde partie de I'etude, des bottes contaminegs avec du
fumier I|qU|de oontenantdes bactenes ont ete utilisees pour
marcher sur des surfaces en P astique ou en mmentgour
determinerjusqu’a quelle distance les bacteries pouvaient
etre detectees,

Les AR-E ooI| ont ete jsoles a parfir des surfaces de
caoutchouc et de plastique jusqu’a un jour apres immey-
sion dans le fumier liquide a | exception des surfaces de
caoutchouc soumises a la plus haute temgerature testee,
Lalcool et le Prodult Roccal-D Plus semblajent Ies lus
efficaces pour la disinfectjon du caoutchouc alors gue eau
de Javel I'etait un peu moins. Leau, la solytion e etadlne
et la solution de Nolvasan avaient une efficacite similaire.
Les AR-E coli pouva|ent etre detectes a artlrdes pistes
produnesparlesbottes ecaoutc ouc us aune distance
de 400 pieds (121.9m) sur asurface plastique etjusqua
une distance de 150 pieds (47.7 m) sur la surface de ument

Les resultats de l'etude mdntrent bien [importance
qu temps et de la temperature dans la capacite des
disinfectants a eliminera contamination bacterienne dans
le fumier et supportent auss [ utilisation des bonnes pra-
tigues de %estlon en biosecurite pour contraler la disper-
sion d'agents pathogenes dans les fermes laitieres.

Introduction

The dairy industry has only recentl %wen Serious
consideration to biosecurity practicesl112 despite their
success. in preventing disedse outbreaks in the poultry8
and swine_industries,5The Foot and Mouth Disease Qut-

break in Great Britain dunn? 2001 caused many dairy-
men {0 reconsider piosecurity measures_t greve t
Introduction ofnew diseases intg their herds, There IS also
a need to curtail movement of resident potential patho-

gens from one location gn the dairy to anather. Ina recent
tudy, salmonella was isolated from nearly 45% of boots
worf in calving, hospital or fresh-cow pens.90n-dairy prac-
tices to minintize transfer of pathogens from one location
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toanather include restrrctrn%the movement ofﬁeo le who
work in high-risk areas, such as srckPens fresh cow pens
or calf housing areas, providing hoot-wash facilities and
equipment; or requrrrn% workers to change hoots and pr R
tectrveouterwearwhe movrn from ong area to anotner.
WhrIe these an other Good” Management Practrces
t have been sutg gested forKears there is little pub-
ished screntrfrcdata 0 su Portt elr adoption.

The urrt)ose of this study was to develo informa-
tion to support or refute the adgption ofcertain biosecurity
GMP% by determining: 1)how long bacteriawould remain
viable on rubber and plastic surfates at various tempera-
tures; 2) antibacterial efficacy of commonly used disinfec-
tants to kill bacteria when applied tothe surface ofrubber
boots worn on dairies; and"3) how far bacteria could be
tracked with boots. Bacteria in a manure slurry were ap-
plied to simulate conditions on dairies wheré bacteril
Pathogens are often protected from enviropmental condi-

lons and disinfectants by organic material.

Materials and Methods

An amprcrllrn -resistant (AR) Escherrchracolr (E. coll)
|so|ated from a Ioca dair was use as the test bacterium
to determine how |ong bacteria would remain viable on
rubber and plastic boot material surfaces at varioys tem-
peratures, Inrtrall¥ the AR-E. coli was suspended in ster-
ile phosphate-bufrered saline (PBS% and mixed nto 100
of dairy cowmanure to form @ manure slurry containin
102AR E coli Tpergram Strips measyring Ix | in (2.54x2.5
cm) were cut from new rubber and plastic boots, One ml of
slurr Was placed on each strip and spread.using sterile
W00 f plicators. Thdeterming viability ofthe bacteria,
samples for culture were taken from the strips with ster-
lle cotton swabs at 0, 10, 20 and 30 minutes; 1, 2 and 4
hours: and 1,2,3,4 and 5 days after the strrPswere cqated
with the slurry. Th ebroce ure was repeated four time
for both rubberandpastrc at 60 °F (16 °C), 70 °F (21 °C
and 90 °F (33 °C)

For the rubber bootdrsrnfectron studies ARE coli
in sterile PBS was thoroughly mixed into 500 g of dairy
cowmanuretoformaslurr contarnrng 102AR-E. coli er

ram. Suf |crentsurr wasa ded to a_large Pyrex dis
15x10x2 In; 38.1x25.4x5.1 cm) to permit a oot to be im-
mersedtoa deBth ofabout 11n' (2. 4cm2 to simulate step-
ping Into manure. Each boot was left nthe manure for
one'minute. Following removal from the manure, each
manure-laden oot was placed | |n a glass dish ’g1l3x9x2 In,

X22.8x5.1¢m contarnrn sterrewateratroo tempera-
ture (approximatel Fv F: 25 °C) forone minute, Thewater
was ot agitated. Finally the boot was immersed in one of
the_selected drsrnfectant solutions for gne minute. Each
drsrnfectant was teste |n trrplrcate After removal from
the |srn fectant, samg es for culture were taken with sterile
swabs from each boot at 2 minute intervals for a total of
30 minutes. The bottom of each boot was swahbed begin-
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nrnn%at the toe and moving toward the arch, taking samples
eac rdge ogroove

The disinfectants used in the study were bIeach (5%
sodium hypochlorrte diluted ata rate ofone ounce [oz] per
allon ofwaterg 10% 1 |sopropsy -a|coholb, full stren%th
etadine Solution*] Nolvasan qutron 1oz per ?a
and Roccal-D Plus (1 oz per gallon)a S errIe water was
used as a control for comparison. These disinfectants were
chosen forthe studY because they are among those recom-
mended by the California Department of Food and Agri-
culture for use as surface disinfectants.3

Todetermine the drstanceAR E. coli could be tracked
on rubber boots, a new plastic sheet taken direct| from
Bhe manu acturers lPacka ge was laid overa 31 rn

ase o san Measured marks were made on th e g astr
at S cmz intervals to mdrcatew ere to teéj
thatare ord of steps could be made. T een?tho ach
step was consideredto be 2.5t gG cm) Anew plastic sheet
Was Used oreachtestAmanuesIur containing 102or

-E. coljwas prepared in a glass contarner easuyr-
Ing 15x10x2 In (38.1x25.4x5,1 cm). After stepping |nt
sldrry, an |nves Igator wearing the manure Iaden boots
walked on the astrc sheet, ste&)mg at the marked loca-
tions. Each step locatjon was then swabbed using a sterile
cotton-tipped swab. The experiment was repeated’on a con-
crete surface.

In all trials, swabs were placed into Luria- Bertarr
(Lszroth and incubated at 99°F (37 °C) for one hour, At
that time, a sterile 10 ul loop of each broth culture was
streaked onto an LB Iate with ampicillin and incufated
overnignt at 99 °F (37 °C). After incubation, colonies of

-E. Coli were counted, The maximum count was 150
tCFU/m{ Beyond this point, colonies were too numerous
0 coun

Results

AR-E. coli could be |soIated from both rubber and
plastrc stnEs for u'n to one Wy after they were moculated
with the AR-E. coll slurry. With the exception ofthe rub-
ber strips held at 90 °F (33 °C), there Were no significant
differences in survival time due to variation in tempera-
ture. At 90 F$33 °C), AR-E. coli could not be recquered
from the rubber strips after 30 minutes post-inoculation,
At other time and temperature points tested, the AR-E.
colr were recovered up to 4 hoyrs post-inoculation, with
on ys]poradrc recovery at later times (Table 1),

here was varra Ie effrcacy among the disinfectants
tested in killing the AR-E. coli gn rubbér boots exposed to
manure JTabIe D). Alcohol and Roccal were most effica-
cious, sodium poch orite (bIeach)wasrntermedrate and
teet‘frcag etaine and Nolvasan at the copgentra-
tions used"was similar to water under the conditions of
these tests.

AR-E. coli could be isolat dfrom boot tracks made
on plastic for nearly 400 ft (121.9 m) after stepping in
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Table 1. Effect oftemperatyre on growth ofamfarcrl
lin- resrstantE coli on rubber and plastic

surfaces |nocu ated WI th contaminated ma-

nure sl urr fulg A R E. cali). Reported
as CFU/m + standar deviation.
_ Rubber
Time 60 °F(16°C) 70°F(21°C) 90 °F (33 °C)
0 Min 119+/-80 119+/-80 119+/-80
10 Min 64+/-50 82+/-46 54+/-5(
20Min h1+/-42 40+/-23 28+/-40
30 Min 51+/-39 38+/-21 21+/-31
1Hr 43+/-31 47+/-26 04/-1
2 Hr 30+/-19 36+/-19 0+/-0
4 Hr 20+/-16 28+/-14 0+/-0
1 Day 04/-0.5 34[-5 0+/-0
2 Days 04/-0 0+4/-0 0+4/-0
3 Days 04/-0 0+4/-0 0+4/-0
4 Days 0+/-0 0+/-0 0+/-0
5 Days 0+/-0 0+/-0 0+/-0
, Plastic

Time 60 °F(16°C) 70°F(21°C)  90°F (33 °C)
0 Min 125+/-63 125+/-63 125+/-62
10 Min 19+/-42 T4+/-49 94+/-50
20 Min 86+/-42 29+/-44 79+/-43
30 Min 13+/-41 h3+/-38 12+/-41
1Hr 48+/-29 42+/-31 63+/-38
2 Hr 38+/-28 33+/-21 47+/-34
4 Hr 7+/-8 28+/-20 37+-28
1 Day 14/-1 14/-3 0+/-)
2 Days 0+-0.5 04/-3 04/
3 Days 14/-4 04/-3 04/-0
4 Days 0+/-0 0+/-0 0+/-0
5 Days 0+/-0 0+/-0 0+/-0

manure slurry containing 108AR-E. coli per gram, and for
2251t (68.6 mehen the manure slurry contained 102AR-
E. coli'per gram, On the concrete sufface, tracking dis-
tances weré 150 ft (45.7 m) and 100 ft &305 m) after
stepping In slurry containing 108and 102AR-E. coli per
gram, réspectively.

Discussion

AR-E. coli remained viable on rubber boot material
for only 30 minutes when tested at 90 °F (33 °C), but the
organism could be isolated from rubber and plastic sur-
faces for at least four houys at other temperatures. The
effect ofexceptionally low (freezing) or extremely high tem-
Bﬁaaet | rr]%sjon bacterial viability was not tested and remains

Coptaminated rubber boots were dipped in several
commonIY avarIabIe disinfectants to determine their effi-
cacy to either kill or reduce the number ofviable bacteria.
ItiS important to note that the use ofdisinfectants in this
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study did not strictly follow label instructions, in particu-
larrémova otor(];anrc mater %nd contacttime. Stu%boots
were Immersed in water without agjtation or scr

and contact time with the various |srnfectants Was |m
lted to one mrnute Boots worn on dairies should be
scrubbed vroorousgto remove all th femanure and other
organic matter prior to application o drsrnfectants 26Ten
mrnutes of contact time |s recommended by the label for
Nolvasan Solution and Roccal D-Plus, but no mention of
contact time was found on the Betadine Solution labe].
However, on most dairies, workers do not vigorously scrub
theirhoots, but rather spray water on the sides ofthe baots
to reduce the manure Toad. In our experience, disinfec-
tants are not routinely used on dairies to sanitize boots. If
they do, contact time’is usually [imited to a few seconds,
typrcallg %urck dip.in the solution.

The variation in efficagy of the disinfectants tested
in this trial reinforces the importance of following the
manufacturer’s drrectrons and recommended GMP’s.234
Several factors influence the efficacy of disinfectants, |n
cluding. concentration (dilution raté), temperature,_p
contamination, water qualr ty and type oforganrsm 7A||
of these. must be consiclered’ when Selecting’the product
for disinfecting boats on livestock operatjops. Iooh |, while
an excellent disinfectant, has several mherent |sadvan
tages whrchlrmrt its usefulness for disin ectrn% oots It
can swell and harden rubber Is flammable and has
evaporation rate. D Betadine and Nolvasan are effectrve
disinfectants, however, hhe ar compromrsed when organic
matter s present, as observed in this stud

The amount of manure clinging to djfferent areas, of
the boot sole Irkel¥ influenced the variation in pacterial
?rowth seen at different time points for each disinfectant
ested When swahbed, different areas on the boots were
note to ave var%rngamountso manure. This was par-
ticularly true for the areas in the deep tread ofthe sole. |t
15 also_probable that there were non-visible variations in
bacterral populations,

Results ofthis study suggest that boots used on dair-
ies potentially remain cgntaminated with bacteria for one
day. The amaunt ofviable bacteria on boots declines with
time, however, bacteria may e transferred hy boots to other
locations where conditions are, favorable for regrowth, |f
this oceurs, ba&terra may multiply and reach levels Wﬁ
cient to cayse disease. Proper disintection orboots follow-
mq use on dairy farms may reduce the spread ofpotentially

a ho?enrc bacteria to distant locations on or offthe dairy.
nderno crrcumstances should boots be won offthe daify
to homes orpu |c buildings.
In this stud Y bactena Were carried by boots uP 0
400 ft (121.9 m) from the srte of original contamination,
rernforcrn?thatpr JJerbootc eanjng and drsrnfectron rac
tices should be used on dairies when Ieavrng W r|s ar
eas. Adequate water under pressure and prusfies shoyld
be available to remove most ofthe manure from boots prior
to application of disinfectants. It may take several min-
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Table 2. Colony cqunts of ampicillin-resistant E. coli. (CFU/m|+/- standard deviation) following application of
various disinfectants to rubber boots contaminated with dairy manure.
Time _

(minutes) Water Bleach Alcohol Betadine Nolvasan Roccal
0 1504/-0 27+/-14 62+/-78 150+4/-0 1504/-0 142
2 150+/-0 47+/-23 0+4/-0 1504/-0 1504/-0 4+4/-6
4 150+/-0 714/-10 0+/-0 1504/-0 1504/-0 54/-7
6 1504/-0 1074/-74 0+/-0 1504/-0 1504/-0 24/-3
8 1504/-0 63+/-71 0+4/-0 1504/-0 1504/-0 8+/-13
10 150+4/-0 13+/-67 0+/-0 1504/-0 1504/-0 74-10
12 150+/-0 109+/-70 0+/-0 1504/-0 1504/-0 0+/-15
14 150+/-0 1104/-70 1412 1504/-0 1504/-0 2+/-3
16 150+/-0 113+/-63 14/-2 1504/-0 1504/-0 1+-1
18 150+/-0 84+4/-57 04/-0 150+/-0 150+/-0 34/-5
20 1504/-0 19+/-63 0+/-0 1504/-0 150+/0 2+1-2
22 150+/-0 26+/-10 040 1504/-0 100+/-86 6+/-9
24 1504/-0 25+/-13 0+/-0 150+/-0 1504/-0 1+/-2
26 1504/-0 814/-61 040 150+/-0 150+/-0 0+/-16
28 1504/-0 107+/-45 0+/-0 1504/-0 150+/-0 50+/-86
30 150+/-0 39+/-53 040 150+/-0 1504/-0 50+/-86

utes to_ clean boots highly contaminated with manure.
Following tho_rou%!] removal of manure, they should be
disinfectéd ysing the proper concentration ofdisinfectant
solution and allow sufficient contact time to kill the bacte-
ria. A cleanable surface and large drain help make wash-

ngrIvasan Solution, Fort Dodge Animal Health, Overland
eI\R/IciccéI-D'PIus, Pharmacia Animal Health, Kalamazoo,

Ing and disinfection ofboots easier. References
Results of these trials ,sui)port the use of GMP to S B
control movement of potentially pathogenic bacteria on L Anon: Biosecurity practices ofU.S. dairies. Info Sheet, USDA, APHIS,

dairies. When i)roper,cleanln? and djsintection ofboots is
not possible, alternative strategies for preventing move-
ment of potentially harmful bacteria can be _emplo%(ed.
High-risk areas qnithe dairy should be clearly identified.
Boots can be left in these high-risk areas, and other clean
boots Frowded foruse in other areas onthe da_lr}é. Onlarge
operations, warkers canbe restricted to hlgh-rls Jocations,
and not permitted to enter other areas ofthe dairy.

Conclusions

Routine use ofhiosecurity GMFs to curtail transfer
of potentially harmful bacterra on dairy farms not only
reduces the fisk ofintroducing domestic fpa,thogens onto a
farm and minimizes jntrafarm, %oread of diseade, but also
reduces the risk ofa foreign animal disease outbreak. The
adoption ofthese practices is essential to an effective dairy
biosecurity plan.
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