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Abstract 

To determine the effect of subclinical infection with 
bovine leukemia virus (BLV), Mycobacterium avium sub­
species paratuberculosis (MAP) and Neospora caninum 
(NC) on milk production in dairy cattle in three Mari­
time Canadian provinces, 90 dairy herds (all on monthly 
milk recording) were randomly recruited. Within each 
herd, a serum sample was obtained from approximately 
30 randomly selected lactating animals. Samples were 
tested for antibodies against the agents using commer­
cially available enzyme linked immunosorbent assays 
(ELISA). Associations were tested between 305-day milk 
production and test results for each pathogen using lin­
ear regression and controlling for sampling weights, 
within-herd clustering, provincial stratification, lacta­
tion number and linear score somatic cell count. Over­
all, 20.8, 2.6 and 20.3% of cattle were test-positive for 
exposure to BLV, MAP and NC, respectively. MAP test 
positive cows had significantly lower 305-day milk pro- , 
duction than MAP test negative cows, when data were 
pooled for all lactations, and specifically for lactations 
one (1260 lb; 573 kg) and five (3020 lb; 1373 kg). There 
was a negative trend toward lower 305-day milk pro­
duction for MAP test positive cows in lactation two and 
four compared with MAP test negative cows. In lacta­
tion three, MAP test positive cows had significantly 
higher 305-day milk production (3248 lb; 1476 kg) than 
MAP test negative cows. No significant differences in 
production were observed for NC or BLV positive ani­
mals. Being test positive for.one pathogen was not asso­
ciated with being test positive for the other pathogens, 
and no interactive effects on 305-day milk production 
among pathogen test results were observed. 
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Resume 

Quatre-vingt dix troupeaux laitiers, tous avec rap­
ports mensuels de production, ont ete choisis 
aleatoirement dans le but de determiner l'effet de 
!'infection sous-clinique causee par trois agents 
pathogenes, le virus de la leucemie bovine (BLV), Myco­
bacterium avium paratubercolosis (MAP) et Neospora 
caninum (NC), sur la production de lait chez des vaches 
laitieres de trois provinces maritimes canadiennes. Dans 
chaque troupeau, un echantillon de serum a ete preleve 
chez environ 30 vaches en lactation choisies 
aleatoirement. Les echantillons ont ete soumis a des 
tests ELISA d'anticorps disponibles commercialement 
contre les trois agents pathogenes. L'association entre 
la production de lait projetee a 305 jours et les resultats 
des tests a ete analysee pour chaque agent pathogene 
avec la regression lineaire en prenant en ligne de compte 
la taille de l'echantillonnage, le troupeau, la province 
d'origine, le numero de lactation et le compte lineaire 
de cellules somatiques. Globalement, 20.8% des vaches 
ont testees positif pour le BLV, 2.6% pour MAP et 20.3% 
pour NC. Sur !'ensemble des lactations, la production 
de lait projetee a 305 jours etait plus faible chez les 
vaches qui testerent positif a MAP que chez les vaches 
qui testerent negatif avec une difference plus marquee 
a la premiere (1260 lbs; 573 kg) et a la cinquieme lacta­
tion (3020 lbs; 1476 kg). Pour la seconde et la quatrieme 
lactation, la production de lait projetee a 305 jours chez 
les vaches qui testerent positif pour MAP etait 
marginalement plus faible que chez celles qui testerent 
negatif. A la troisieme lactation, les vaches avec un test 
positifpour MAP avait une production de lait projetee a 
305 jours plus elevee (3248 lbs; 14 76 kg) que les vaches 
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avec un test negatif. II n'y avait pas de difference sig­
nificative au niveau de la production chez les animaux 
qui testerent positifpour NC et le BLV. Le fait de tester 
positifpour un agent pathogene n'etait pas associe a un 
test positifpour un autre agent pathogene et il n'y avait 
pas d'interaction sur la production de lait projetee a 305 
jours entre les resultats des tests pour les differents 
agents pathogenes. 

Introduction 

Infection with bovine leukemia virus (BLV), Myco­
bacterium avium subspecies paratuberculosis (MAP) and 
Neospora caninum (NC), the causative agents of Enzootic 
Bovine Leukosis, Johne's Disease (JD), and Neosporosis, 
respectively, are believed to have significant health and 
economic impacts on the cattle industry. These effects 
may include lost international market opportunities, 
lower domestic productivity and production efficiency, and 
the potential for reduced consumer confidence in dairy 
products.6·8,11,20 The World Trade Organization's new trad­
ing rules state that health certification standards for 
imported cattle, semen and embryos cannot exceed those 
required under domestic regulatory programs. 24 As a 
result, there is renewed interest in many countries to 
determine the prevalence, regional distribution and pro­
ductivity effects of these diseases (both clinical and sub­
clinical) on their cattle industries, and to determine how 
these effects vary with lactation number and other fac­
tors affecting milk production. 

There have been conflicting reports regarding how 
these agents affect milk production. For BLV, 102 serop­
ositive and seronegative cattle pairs were matched by 
age and herd in one study. Seropositive cows produced 
3.5% (2471 lb [1123 kg]/cow, p < 0.05) less milk than se­
ronegative cows. 3 However other studies9•13 have indi­
cated little or no relationship between seropositive cows 
and milk production. Whether this effect varies with lac­
tation number or co-infection with other pathogens in a 
population of randomly sampled herds is unclear. 

For MAP, numerous studies have examined the 
impact of being fecal culture-positive on milk produc­
tion. In three northern California dairy herds, clini­
cally normal cattle that were MAP fecal culture positive 
produced 1838 lb (835 kg; 15%) less milk on a 305-day 
mature equivalent bas~s compared to fecal culture-nega­
tive herdmates. 1 \V~lson et al23 found that culture-posi­
tive cows in the third or greater lactation produced 1300 
and 2800 lb (590 kg and 1273 kg) less milk than did 
age-matched culture-negative herdmates in third and 
fourth lactations, respectively. Less research has focused 
on the relationship between seropositive cows and milk 
production. In two previous studies, there was no sig­
nificant impact on milk production among MAP test 
positive cows, 14•18 whereas a third study found a 829 lb 
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(377 kg)/lactation15 decrease in milk production in se­
ropositive cows compared to seronegative cows. In two 
herds, Spangler et al18 found no significant effect on milk 
production in MAP seropositive cows, but found an 18.8% 
reduction in milk production in 84 MAP culture-posi­
tive cows compared to culture-negative herdmates. The 
impact on milk production appears to be higher for MAP 
culture-positive cows than MAP seropositive cows be­
cause fecal culturing is not expected to yield false posi­
tive cows due to specificity of the test being 100%.22 

For NC, milk production effects ranged from no 
effect on the first three test days,5 to 2.8 to 3.6 lb (1.27 
to 1.64 kg) less milk per cow per day by seropositive 
cows compared to seronegative cows. 7,20 Whether the 
effects of NC or MAP infection on milk production also 
vary with lactation number or co-infection with other 
pathogens in a population of randomly sampled herds 
is unclear. 

The objective of this project was to determine the 
effect on milk production of being seropositive for bo­
vine leukemia virus (BLV), Mycobacterium avium sub­
species paratuberculosis (MAP) and Neospora caninum 
(NC) in 90 randomly selected herds in Maritime Canada, 
and whether there were any synergistic effects on milk 
production among animals that were seropositive for 
more than one agent. A secondary objective was to ex­
amine these effects by lactation group. With increasing 
use of quick serological tests for infectious diseases in 
the dairy industry, it is important to determine if cows 
seropositive for various diseases produce less milk (and 
therefore less income) compared to seronegative cows, 
and whether milk production effects are related to par­
ity, providing guidance regarding culling decisions. 

Materials and Methods 

Serum Sample Collection 
A stratified two-stage random sampling procedure 

was employed for the survey. Participating herds were 
randomly selected ( using computer generated random 
numbers) until 90 herds were recruited, 30 from each 
Maritime province: Prince Edward Island (PEI), New 
Brunswick (NB) and Nova Scotia (NS). Only herds that 
were enrolled in a monthly, individual cow milk testing 
program through the Atlantic Dairy Livestock Improve­
ment Corporation (ADLIC) were eligible for participa­
tion. Response rate among ·randomly selected eligible 
participants was greater than 90% for all provinces, pro­
ducing an externally valid, unbiased sample population 
of herds (sampled herds had similar demographics com­
pared to regional industry averages with respect to herd 
size, milk production and days in milk). The sample 
size formula to determine the number of required herds 
assumed 250 herds per province on ADLIC, a 
seroprevalence of 10%, an allowable error of 10%, and a 
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confidence level of 95%. The lowest expected 
seroprevalence of any of the investigated diseases was 
10%, therefore this seroprevalence was used to calcu­
late sample size. 

A serum sample was obtained from 30 randomly 
selected (using computer-generated random numbers) 
lactating animals in each herd. At least 30 cattle were 
needed to be tested in each herd to detect at least one 
infected animal in a herd, ~ased on a within-herd preva­
lence estimate of 10%, confidence of 90%, average herd 
size of 45, and sensitivity of the enzyme linked 
immunosorbent assay (ELISA) test for MAP of 43.0%.17 

Laboratory Analysis and Milk Production Data Collection 
Serum samples were stored at -4°F (-20°C) until 

all samples were collected. Approximately 30 cow 
samples per herd were subsequently assessed for anti­
body against: BLV using an ELISN (sensitivity 98.5%, 
specificity 99.9%);10 MAP using an ELISN (sensitivity 
43.0%, specificity 99.0%),17 tested in duplicate; and NC 
using an ELISN (sensitivity 99.0%, specificity 98.4% 
based on manufacturer's estimates). 2 An animal was 
considered to be infected with BLV, MAP or NC if the 
serum-to-positive ratio on the ELISA was ~0.50, ~0.25, 
and ~0.60, respectively, as recommended by the manu­
facturers of the various test kits. The BLV ELISA test 
requires a confirmation of positive tests, using a sample­
to-negative host-cell ratio of~l.8. 

For each tested animal, the actual 305-day milk 
production data for the lactation during which each 
animal was blood tested were gathered electronically 
from a central milk recording database. 

Statistical Analysis 
Laboratory and production data were merged for 

statistical analyses using a commercial statistical soft­
ware package. d The svyreg command in STATA was used 
for each pathogen to determine linear regression asso­
ciations (p $; 0.05) between 305-day milk production and 
test results for each pathogen, controlling for sampling 
weights (the inverse of the probability of the cow and , 
herd being sampled), within-herd clustering and pro­
vincial stratification. Each regression analysis also in-

eluded test status for the other two pathogens and their 
interaction terms to determine synergistic effects on 
milk production due to co-infection with more than one 
pathogen, and lactation number and linear score somatic 
cell count to control for their effects. 

Results 

Overall, 20.8, 2.6 and 20.3% of cattle were test­
positive for exposure to BLV, MAP and NC, respectively. 
Details of these seroprevalence levels have been reported 
elsewhere.12•21 In total, 2454 cows had 305-day produc­
tion records for the lactation during which they were 
blood tested. Due to technical difficulties with reading 
certain serum samples, only 2445, 2395 and 2425 of 
these cows had laboratory test results in the final data­
base for BLV, MAP and NC, respectively. Average milk­
ing herd size among the sampled herds was 42 milking 
cows per herd (range ofl 7-145), with average herd 305-
day milk production being 17,679 lb (8036 kg)/cow (range 
of 11,336 - 24,939 lb [5173 - 11,336 kg]/cow), with more 
than 90% of the herds being Holstein. 

Table 1 shows the 305-day production for cows se­
ropositive and seronegative for BLV in various lacta­
tion categories. After adjusting for clustering within 
herd, and weighting observations according to sampling 
probability, BLV seropositive cows did not have signifi­
cantly lower 305-day milk production compared to BLV 
seronegative cows in any of the lactations, or when all 
groups were pooled for analysis. 

The 305-day production for cows seropositive and 
seronegative for MAP in various lactation categories are 
shown in Table 2. Significantly lower 305-day milk pro­
duction was found for MAP seropositive cows compared 
to seronegative cows when all lactation groups were 
pooled (p<0.001), and for lactations one and five (p<0.05), 
after controlling for the effect of significant covariates. 
There was a trend toward decreased 305-day milk pro­
duction in MAP seropositive cows in lactation two and 
four. MAP test-positive cows produced 1260, 497, 1099 
and 3020 lb (573, 226, 500 and 1373 kg)/cow/305-day 
lactation less milk, on average, than MAP test-negative 
cows for lactations one, two, four and five, respectively. 

Table 1. Mean 305-day milk production for cows seropositive and seronegative for bovine leukosis virus (BLV), by lactation 
group. 

Lactation No. 

1 
2 

~3 

BLV positive 

15892.7 (SE 451.6)a 
17809.6 (SE 406.8)a 
19263.0 (SE 502.9)a 

Adjusted 305-day milk production (lb) 
N BLV negative 

115 
136 
278 

15323.5 (SE 382.0)a 
17850.9 (SE 484.9)a 
18695.3 (SE 438. l)a 

N 

637 
434 
845 

a,byalues with different superscript within lactation comparisons are significantly different (p<0.05) 
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In lactation three, MAP seropositive cows produced 3248 
lb (1476 kg) more milk per cow per 305-day lactation 
than MAP seronegative cows (p<0.05). 

Table 3 shows the 305-day production for cows se­
ropositive and seronegative for NC in various lactation 
categories. There was no significant effect of being test 
positive for NC on 305-day milk production for any of 
the lactations, despite the slightly numerically higher 
milk production for NC seropositive cows. 

Being seropositive for one pathogen was not asso­
ciated with being seropositive for the other pathogens, 
and there were no interactive effects observed on 305-
day milk production among pathogen test results. 

Discussion 

Milk production is the net effect of a complex in­
teraction of a large number of variables, some operat­
ing at the cow level and others at the herd level. Our 
analyses for all three pathogens controlled for sampling 
weights, within-herd clustering, provincial stratification, 
lactation number and linear score somatic cell, which 
likely removed some of the cow and herd level confound­
ing effects on milk production. However, some residual 
confounding may remain due to unmeasured confound­
ing variables. This residual confounding (and for MAP, 
in combination with the imprecise test for MAP) may 
also explain the unexpected higher milk production by 
seropositive cows in lactation three. 

With respect to BLV, there is little or no relation­
ship between laboratory test results and 305-day milk 
production, which supports earlier findings. 9•13 The cur­
rent Maritime BLV apparent prevalence levels are simi­
lar to those found in other parts of North America. 10 

However, the level is higher than a similar survey of PEI 
dairy farms in 1987,16 and much higher than some Euro­
pean Community member countries with mandatory BLV 
eradication programs, where prevalence has been reduced 
to less than 2%.10 The trend toward higher production in 
the seropositive animals is difficult to explain, and be­
cause it is not statistically significant, may simply be due 
to chance. It is possible that seropositive animals are not 
culled if they have substantially higher production than 
their herdmates. The lack of association would support 
the conclusion of Johnson and Kaneene that most eco­
nomic losses associated with subclinical BLV infection are 
attributable to importation restrictions of infected cattle.11 

The weighted apparent prevalence of MAP in this 
study was relatively low (2.6%). Using the reported sen­
sitivity and specificity data of the ELISA test, 17 the esti­
mated true prevalence can be calculated to be 
approximately 3.8%. The relatively small number of se­
ropositive cows in this study (n=56) may have limited 
the power of the study to discern statistically signifi­
cant differences in production, particularly when indi­
vidual lactation groupings were analyzed. 

Our MAP findings conflict with the results reported 
by Wilson et al. 23 They found that fecal culture-positive 

Table 2. Mean 305-day milk production for cows seropositive and seronegative for Mycobacterium avium subspecies paratu­
berculosis (MAP), by lactation group. 

Adjusted 305-day milk production (lb) 
Lactation No. MAP positive N MAP negative N 

1 14136.1 (SE 811.15)a 8 15396.0(SE 37 4.17)h 740 
2 ·1 7352.5 (SE 84 7 .54)a 15 17849.8 (SE 469.94)a 553 
3 21902.3 (SE 1158.35)a 12 18654.2 (SE 548.51)h 415 
4 18170.9 (SE 208. 76)a 12 19269.9 (SE 536.84)a 303 
5 16054.2 (SE 1419. 77)a 5 19074.7 (SE 699.81)h 173 

;?:6 19385.3 (SE 1042.96)a 4 18374.0(SE 420.85)a 155 

a,bvalues with different superscript within lactation comparisons are significantly different (p<0.05) 

Table 3. Mean 305-day milk production for cows seropositive and seronegative for Neospora caninum (NC), by lactation 
group. 

Lactation No. 

1 
2 

;?:3 

NC positive 

15570.1 (SE 411.29)a 
184 76.0 (SE 419.62)a 
19628.0 (SE 54 7 .37)a 

Adjusted 305-day milk production (lb) 
N NC negative 

152 
107 
203 

15384.1 (SE 375.42)a 
17842.9 (SE 469.21)a 
18786.0 (SE 424.65)a 

a,bvalues with different superscript within lactation comparisons are significantly different (p<0.05) 
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N 

593 
455 
915 
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cows in third and fourth lactations produced 1300 and 
2800 lb (591 and 1273 kg) less milk, respectfully, than 
did culture-negative herdmates of similar parity. This 
difference may be due to 1) misclassification of 
uninfected cows into our seropositive group, and 2) fe­
cal culture-positive cows being in a later stage of dis­
ease than seropositive infected cows, resulting in greater 
effects on milk production. With a test specificity of 99%, 
when used on 2454 animals with a estimated true preva­
lence of3.8%, approximately 24 of the 56 (43%) test posi­
tives were likely false positives, and 42 of the 2398 (1.8%) 
test negatives were likely false negatives. Based on the 
pathophysiology of JD, sensitivity of the ELISA test to 
detect subclinically infected cattle is poor, ranging from 
15% in young "lightly" infected cattle to 87% in old 
"heavily" infected cattle. Therefore, misclassification 
bias is likely to occur more frequently in young cattle 
than old cattle. This misclassification, particularly with 
the small number of positive cows in our study, may 
also explain why MAP seropositive first-lactation cows 
had significantly less 305-day milk production compared 
with seronegative first-lactation cows, and why this 
negative impact on milk production was numerically (not 
statistically) larger in first-lactation cows than in sec­
ond-lactation cows. 

Fecal culture for MAP could have been used to con­
firm infection in seropositive cows in our study. How­
ever, due to insufficient funds and storage facilities at 
the time of sampling for the large number of sampled 
cows, fecal samples were not obtained for culture. Also, 
the primary goal of the research was to determine the 
seroprevalence of the pathogens, and the impact of 
seroprevalence on milk production. The main advan­
tage to including fecal culture confirmation in our study 
would have been the determination of a population of 
truly infected cows. However, Stabel et al19 found that 
only 11 of 49 (22%) ELISA-positive cows were also fecal 
culture-positive. Therefore, using fecal culture confir­
mation would likely have reduced our population oftest 
positive cows from 56 to 13, reducing the already lim­
ited power to detect a statistically significant difference, 
between test positive and negative cows, particularly 
when cows were stratified by parity. Furthermore, the 
non-shedding, truly infected, seropositive cows (some 
portion of the 43 fecal culture-negative cows) would be 
misclassified as "non-infected". The gains achieved by 
eliminating false positives from the test positive group 
could be outweighed by the addition of false negatives 
to the test negative group. Also, the results would be 
interpreted as the impact on milk production of being 
seropositive and culture-positive, not just being serop­
ositive. Therefore, for cost, objective and interpretation 
reasons, fecal culture confirmation of ELISA-positive 
cows was not undertaken. 

We did not find an association between NC test 
results and 305-day milk production, which corresponds 
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with a study of25 non-randomly selected Ontario dairy 
herds which showed no significant impact of being NC­
positive on milk production for the first three test-days 
of a group of cow's lactation. 5 In a second Ontario study, 
milk production was reduced in herds with high abor­
tion rates, but unaffected in herds with normal abor­
tion rate histories. 4 However, in a study of a single large 
herd in California, NC seropositive primiparous animals 
were found to produce 3.6 lb (1.6 kg) less fat-corrected 
milk than did their seronegative primiparous herd 
mates. 20 The herds in our study represent the regional 
industry and were a cross-section of herd size and man­
agement styles. Our NC findings would have only mini­
mal misclassification bias because of the good test 
sensitivity (99.0%) and specificity (98.4%) (although 
these values are based on the manufacturer's estimates 
which may be somewhat biased), good sample size and 
20.3% NC seroprevalence. NC association with milk pro­
duction would require further evaluation of differences 
in specific management and culling practices between 
positive and negative cows. 

Seropositivity, while frequently utilized and com­
monly equated with infection, is only a superficial indi­
cator of infection, and in particular, stage of infection 
(particularly so for MAP with its low test sensitivity). 
Stage of infection, particularly for MAP, is an impor­
tant determinant of whether physiological and patho­
logical effects on milk production are developing from 
infection with a pathogen. Without any underlying dis­
ease induction, there will not be an effect on produc­
tion. Therefore, seroprevalence studies are challenged 
with the prospect of detecting milk productivity effects 
of subclinical infection when some subclinically infected 
animals have not advanced to a stage of infection when 
physiological and pathological effects are detectable. 
Only profound negative effects on productivity will be 
detected. Further studies are needed that investigate 
specific hypotheses about herd-level and cow-level con­
ditions and stage of infection under which subclinical 
infections reduce production. 

Conclusions 

It appears that there could be substantial milk 
production losses in MAP seropositive cows, even dur­
ing their first lactation. This finding requires further 
investigation with a larger sample size. Bovine practi­
tioners may want to consider the potential for milk pro­
duction losses of MAP seropositive cows in their culling 
decisions, particularly on farms with a confirmed his­
tory of JD infection or farms with a seroprevalence of 
10% or more, where test-positive cows are likely to be 
truly infected cows. No significant differences were de­
termined for NC or BLV when data were stratified by 
lactation, and when all lactations were combined. There­
fore, NC or BLV test-positive cows should not be culled 
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for milk production reasons. Being test-positive for one 
pathogen was not associated with being test-positive for 
other pathogens, and therefore being infected with one 
pathogen does not appear to predispose cows to infec­
tion with the other pathogens. There were no interac­
tive effects on 305-day milk production among pathogen 
test results. Therefore, being seropositive for JD and 
either of the other two diseases does not amplify the 
milk production losses seen by JD itself. 

Footnotes 

aIDEXX ELISA- IDEXX Corporation - Iden: Laborato­
ries, Westbrook, Maine, USA 

bJDEXX ELISA - IDEXX Corporation - Iden: Laborato­
ries, Westbrook, Maine, USA 

cBIOVET ELISA - BIOVET Inc. - St. Hyacinthe, ~ue­
bec, Canada 

dSTATA® - version 7 - Stata Press, College Station, Texas, 
USA 
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faster Detection 

Johne's Disease is a progressive, ', 
wasting disease of cattle and other 
ruminants and has serious, negative 
economic consequences for beef and 

dairy producers worldwide. 

■ Reports negatives in six weeks or less 
■ Recovers 2-3 weeks earlier than 

conventional methods 

Increased Hecouery 
■ Semi-quantifies low, medium, and high shedders 
■ Increases the detection of true positives 

ff educed Labor and lmproued lllorkflow 
■ ESP® Culture System II automation: 

■ Offers computer assisted specimen 
management 

■ Provides continuous, automatic 
specimen monitoring 

■ ESP® para-JEM'" kit: 
■ Offers convenient packaging 
■ Eliminates manual media preparation 

Introducing. .. 
ESP® Culture System II 

with ESP® para-JEMTMReagent Media~ rJl 

the first fully automaled system for i 
Johne's Disease De-tection [ -· 0 

... only from ~ 

TREK DIAGNOSTIC SYSTEMS, INC 

T 
NOSTIC SYSTEMS, INC . 

Vision and innovation ... today and tomorrow. 

25760 first Street • Westlake, OH 44145 
Ph: (800) 871-8909 • www.trekds.com 

lmberhorne Lane, East Grinstead, West Sussex, 
RHl9 IQX England • Ph: 44-1342-318777 
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