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Abstract

This thesis described the role of raw bovine colostrum feeding programs and
natural nursing practices in the transmissioMg€obacterium avium subsp.
paratuberculosis (MAP), and the efficacy of commercially available colostrum
replacement products in preventing MAP transmission, additional to theitr effec
production and longevity performance outcomes. Incidences of fecal excretionfof MA
by calves following natural exposure were also evaluated.

Calves fed CR (vs MC) had a lower risk of MAP infection when the serum ELISA
(HR =0.474P = 0.081), bacterial fecal culture (HR = 0.5P2; 0.076) or both test
combinations (HR = 0.55%, = 0.056) were used to define MAP status of study cohorts,
suggesting that MC could be an important vehicle by which calves become exposed to
MAP within hours following birth, and that CR feeding programs may be anigffect
management tool for use in dairy herds in a Johne’s disease control effort.

From birth-to-54 months of follow-up, risk of death (HR = 1R 0.17), culling
(HR =1.01,P = 0.95), and death and/or culling (HR = P15 0.61) event outcomes did
not significantly differ between groups (CR vs MC). Similarly there wersignificant
differences between groups (CR vs MC) with respect to the risk of death (HR P =
0.46), culling (HR =1.01P = 0.98), and death and/or culling (HR = 1.B5; 0.85) event
outcomes when only heifers that entered the lactating herd (period from lfirsgyctate
to 54 months of age) were considered. Feeding CR (vs MC) had no significant effect on
age at first calvingK = 0.34), number of breedings per conception in the fst (.83)
and secondR = 0.32) lactations respectively, and calving-to-conception intervals in the
first (P = 0.7) and secondP(= 0.21) lactations, respectively. Considering the milk yield
outcome, feeding CR (vs MC) significantly € 0.02) decreased first lactation milk by
429 kg, although there were no significant effects of feeding CR (vs MC) on second
lactation P = 0.18) and lifetime milk yieldd(= 0.5), respectively.

Risk of MAP infection was not significantly different between groups of calvés tha
ingested MAP DNA positive colostrum (vs MAP DNA negative colostrum) when the
serum ELISA (HR = 0.7& = 0.65), bacterial fecal culture (HR = 0.925= 0.85) or both
test combinations (HR = 0.8R,= 0.65) were used to define MAP status of study
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cohorts, suggesting lack of an added risk of MAP infection associated with mggesti

MAP DNA positive raw colostrum by Holstein calves. This finding contradiseveral

other reports which seem to provide evidence in support of colostrum as a possible early
vehicle by which calves get exposed to MAP in infected herds.

Cows that were fecal culture positive were significantly more likely te hav
detectable MAP in their colostrum (OR =2.02 < 0.001) and teat skin (OR =1.8P =
0.008) compared with fecal culture negative cows with the population attributable
fraction estimates for exposure for each of the latter outcomes being 1829.&f0,
respectively.

Finally, MAP was not recovered from fecal samples collected betweefQ dmf
age and tested using the sedimentation bacterial culture method suggestingclatthe

studied did not excrete detectable levels of MAP in feces following natxpakure.
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Chapter 1 : Introduction and a general review of the epidemio logy of
Johne’s disease in dairy herds

The agent

The subspecigdglycobacterium avium paratuberculosis, which causes
paratuberculosis or JD in ruminants (cattle), belongs to a group of related
microorganisms in the geni#ycobacteria. This genus includes bacteria that are acid-
fast, aerobic, non-motile, non-spore forming, and slow growing. A mycobactin
requirement for growth is characteristic of MAR. strict intracellular pathogen, MAP is
also known to survive in the environment for finitely long periods of time. This can be
attributed to the fact that MAP is resistant to many physical conditiongxiaanple,
MAP remained viable in soil for 11 montffsn water for 17 month$,and frozen at —14°
C for 12 months® Urine on the other hand is bactericittalit MAP can nevertheless

survive in slurry for 252 days.

Frequency and distribution

Johne’s disease is present worldwidéln the US, national and regional surveys
have been undertaken to establish the burden of the disease in dairy and beef herds. The
latest national JD study (involving environmental fecal sample testing barcterial
culture methods) conducted in 2007 by the US Department of Agriculture’s (USDA)
National Animal Health Monitoring System (NAHMS) revealed th&8% of dairy
herds in the US are infected with MAP.

State level studies have also been conducted to confirm frequency and distribution
of MAP infections in individual states. For example a herd prevalence of 9.4 % was
reported in California dairy herd31n Missouri 40 % of beef herds were reported to be
infected with MAP?° There is marked variation of MAP prevalence within herds. A
study conducted in 33 New York State dairy herds reported a within-herd prevalenc
ranging from 0.7% to 28.2 % based on fecal cultural testing for MAR.Colorado, a

within-herd prevalence of seropositive cows ranging from 0 % to 7.8 % was refforted.



While these surveys confirm that JD is endemic in US dairy and beef herds, the
burden of JD at the state and national levels is grossly underestimated due to

methodological reasons.

Transmission

Calves are thought to be most susceptible to MAP infection within the first 6
months of birtt¥>?° In a recent meta-analy<i®f studies targeting age-related
susceptibility to MAP infection, significant differences of susceptibibtyAP infection
between calves < 6 months old and adult cattle, and in calves aged between 6 and 12
months old and adult cattle were observed suggesting an age related resistafiee to M
infection® ** Therefore, JD control programs have focused mainly on preventing MAP
transmission to calves: > *'However, it must be recognized that while success in the
control of JD depends on breaking MAP transmission cycles, the patterns of MAP
transmission within cattle herds are still not fully understdod.

The most important source of MAP for within-herd transmission is feces (Manure
from infected adult cattlé® 3% 31 33yith transmission to calves mainly occurring
vertically (i.e. dam-to-calf). Studies show that asymptomatic cows @aateXMAP in
their colostrum and milk? **Thus, feeding raw colostrum and milk from infected adult
cattle is thought to play a significant role in transmitting MAP to calt&s.

Transmission of MAP from one generation of cattle to the next occurs primarilgthrou
the fecal-oral route®™ %3931 3L 3fg|lowing ingestion of MAP in either water or feed
contaminated with infected feces, or when calves are permitted to sutddésaand
udders of dams soiled by infected feces present in the farm envirorfh&hté: **The
significance of the fecal-oral route in the transmission of MAP is wetignized as
reflected in most JD control recommendaticghs’ 3 33

Recent experimental evidence showing that infected calves and young<sfck
years old) can excrete MAP in feces and successfully transmit MAP tocathies

34, 40, 41

horizontally (i.e. calf-to-calf underscores the potential significance of MAP

infected calves in the maintenance of JD within-herds, even if manageonéml ¢



programs targeting perinatal transmission through the fecal-oral ¥ddte*’colostrum

k, 330 and environmentdf sources were to be successful.

or mil
Other mechanisms of MAP transmission have been documented. For example,
MAP has been detected in tissues collected from fetuses in cows cliniwally a
subclinically infected with JD suggesting a congenital transarigsiute?**Whittington
and Windsof® estimated that 9% (95% Cl, 6%-14%) of fetuses from cows subclinically
infected with JD, and 39%(95%CI, 20%-60%) of fetuses from clinically affexied
were infected with MAP at any one point in time through a meta-analystadie4®*°
targeting in utero infection of calves by MAP. Though the latter prevalenchavay
been underestimated due to methodological reasons, the evidence for in utero
transmissioft *®>and its frequenéy underscores the significance of this transmission
route in the maintenance of JD infections within-herds, even if control programs
targeting perinatal transmission of MAP through the fecal-oral and other Pocite8
were to be successful.
Evidence of dissemination of MAP to sexual organs of naturally infected bulls has
also been reported in several studfé<®in one such stud{® MAP was isolated from
the semen, testes, epididymis, and seminal vesicles of breeding bulls suggesting that
subclinically infected bulls shed MAP in semen which when used during insemination,
could potentially infect the uterine environment. However the importance qfatestial
mode of transmission in maintenance of MAP infection within herds remains unRfiown.
Between herds, transmission of infection is thought to be mostly facilitated b
addition of replacement heifers or bulls from herds that are infected with®KAP*® 4°
However, screening to exclude infected replacements as recomrifeadet effective
due to imperfect sensitivity of the available screening tests for individigzited animals

and herds®®3

Risk factors for presence of MAP in dairy cattle
Most JD risk factor studies have been undertaken using cross sectional survey
methodg! 2% 36 38. 49,5468 chy studies suffer from a number of limitations. First,
producers’ response to survey questions may be biased by their previous knowledge of
3



presence of disease in their herds and management control measures thatege an pl
should be adopted. Second, within a given geographic region, management practices may
be uniform such that use of comparable control herds with regards to husbandry practices
is impractical. Third, surveys do not take into account the long incubation period?of JD
and the dynamic nature of management practices on most dairy’famssequently
the management practices recorded during cross sectional surveys mdgctaherisk
at time of infection.

These studies have nevertheless been useful in identifying risk factongai@ssoc
with JD, thus guiding areas of emphasis when implementing JD control prognaims. B
given the fact that such studies cannot demonstrate cause-and-effextisieips
between potential risk factors and prevalence of JD in dairy Férts>’it remains
unknown whether implementation of control programs based on decisions derived from
them are effective. Clinical trials designed to substantiate herd nmaaagmterventions
that can change the status of herds from infected to non-infected have een lac

Herd factors

Number of cows in the herd (herd-size) and presence of cows manifegtinglcli
signs of JD are the most consistent factors associated with JD positaateg’ % >°
Larger herds are more likely to be infected by MAP compared to smaller’hefd¥’ >
®1 Conditions that favor the perpetuation of MAP infection seem to exist in large herds
For example, large herds are more likely to purchase replacement heifensiyize
subclinically infected by MAP from external sources compared to sniaids. Open
herds have been positively associated with presence 6f 3b*°

Herds with a few cases of advanced clinical disease may have a largegupr cd
subclinically infected animals. Subclinically infected animals ex@igt@ficant amounts
of MAP in feces thereby contaminating the environment of farms which mayniadtr
as a source of infection for uninfected animals in the ffestposure of calves to
manure of adult cattle and other calves has been positively associdtéacvatsed risk
of MAP infection®* *°Group housing of preweaned calves, group housing of post
weaned calves, group housing for periparturient cows, frequency of cleaningrosw ba

4



using same housing cleaning equipment for both young and adult stock, and spreading
manure on crop fields from which forage fed to cattle is later harvested maygexpos
susceptible animals to MAP infected fecal matéfiaf *° *"Management at calving has
been examined and prompt separation of calves from their dams has been assobiated wit
reduced risk of MAP infection in herd8However, it should be recognized that while it

is assumed that MAP infected calves are not infectious:u@tyears old and that
segregating youngstock from adult cattle is sufficient in breaking the tvé&Bmission
cycles in JD infected herds; > *'recent evidence of fecal excretion of MAP by calves
and young stock (< 2 years old) and successful horizontal (i.e. calf-toraaBtission

of MAP #* % “ynderscores the potential significance of MAP infected calves in the
maintenance of JD within-herds, even if the latter interventions taggetin-to-calf

transmission were to be successful.

Animal factors

Cows in their second parity or higher (i.e. older cows) are more likely to test
positive for JD during their first month of lactation than those in their firstyp@ue.
younger cows’> °> ©This is probably a reflection of the long incubation period of MAP
infection. Breed predisposition to JD has been examined and herds that are
predominantly Jersey in composition are more likely to be infected with MAPthioae
herds in which other breeds are predominant’A recent English stud$} found a
significantly higher prevalence of MAP infection in dairy breeds dfecat comparison
with suckler beef breeds. No plausible explanation exists in support of these obssrvati
However increased level of exposure (due to high within herd MAP prevalence) rather
than increased genetic or breed susceptibility might be reason for thierafyplaigher
prevalence of infection in the latter breeds. In a recent study the majajgysey cows
originated from herds with high prevalence of JD suggesting that effectdirtagr have
confounded the apparent effect of brédd.

Cows born to seropositive dams are more likely to test positive for MAP antibodies
compared with herd mates born to seronegative dafiis, reflection of possible
congenital**° or perinatal transmission from dam-to- daughter through the fecal-oral

5



route, or ingestion of colostrum or milk contaminated with MEP® Cows fed
colostrum from multiple sources were more likely to test positive for MAP thar tads
colostrum collected from their own dams at bifthAdditionally, allowing calves to
suckle alien (foster) cows increased the risk of MAP infection in calve$aido

compared with feeding milk replac&r.

Environmental factors

Mycobacterium avium susbpparatuberculosis is ubiquitous in the environment
surrounding many infected dairy farrffsThis can be attributed to the fact that MAP is
excreted in feces of subclinical and clinically infected cows, and the fadtifkR is
resistant to a variety of physical conditions. For example, MAP was found teesurvi
shaded environments for up to 24 we&kadditionally MAP remained viable in soil for
11 months? in water for 17 month3,and after being frozen at —14° C for 12 months.
Urine was bactericidahlthough MAP still survived in slurry for up to 252 ddys.

While there is no clear information on the importance of environmental
contamination in transmission and maintenance of MAP infection within-herdsakever
studies have demonstrated variation of within herd prevalence of JD across t&gfons
®suggesting effects of local environmental factors. The relationship &etwestain soil
characteristics and occurrence of JD in cattle and sheep has been repogrtstidies
have shown a positive association between prevalence of JD infected dairy herds and soi
acidity.>® ®® ®"In Australia, sheep raised on soil with a high organic-and-clay content
were more likely to be affected by ovine JD compared with sheep grazed onrfdgh sa
and-nitrogen content soif8. These observations suggest that the environment may
constitute an important critical control point for MAP. Knowledge of factors redpensi
for MAP survival is critical for understanding role of the environment in trarssomof

JD and how this can be manipulated for control purposes.

Diagnosis
Major developments in MAP diagnostic technology have occurred in the past
decade. Commercially available diagnostic tests for MAP in the US intdatiebased
6



on bacterial culture for direct identification of MAP from clinical specimémostly
feces), tests based on detection of DNA probes specific to MAP through eataifi
using PCR, and tests for detection of antibodies generated against MAP presemin s
or milk.>* **The performance of some of these tests under various specimen sampling
strategies has been examined under US husbandry condftiifSand recently,
recommendations on how to use these tests in practice was deStfihede
recommendations were premised on a general understanding among expertsfact
that the current tests for diagnosis of MAP should be used for well defined arfecspeci
purposes (e.g. testing for screening or eradication purposes),giveimiheifect
nature>* >3

However, it must also be recognized that while developments in MAP diagnostics
capabilities over the years have been impressive, a major setback has bedilitgdona
perform perfect test validation studies on cultdfe’? ""antibody,”* >* "®and DNA

probe based tegts"® 7%

respectively, due to the lack of a cheap, quick, and reliable
Gold standard (i.e. ideal reference test), and the variable incubation periods of MAP
infections in cattlé’ln a recent review’® details on the ideal MAP diagnostic test
evaluation methodology and the errors to be avoided during MAP test validation studies

were discussed.

Tests based on culture of the organism

The primary limitation of the fecal culture based test for MAP is that théiséps
for detection of MAP using this method is low in spite of the high costs associéted wi
its routine us¥ (approx $25/ sample at the Minnesota Veterinary Diagnostic Laboratory,
St. Paul, MN ). Additionally, compared with MAP antibody based tests or test base
genetic probes, the solid media fecal culture tests have a very slovoturddaime
ranging between 12 and 16 weeks, although the turnaround time is quicker for liquid
culture based systems.

Several studie® "® ""have reported sensitivity of fecal culture tests that varied
between 23% and 74% depending on the stage of JD infection (i.e. subclinical at clinic
disease status). However, specificity of the culture based test is gehmyia)

7



approximating 100 % in situations where PCR amplification techniques are used to
confirm the genetic identity of the isolat&.>* #3Given these characteristics, the
bacterial culture technique is best suited for detection of MAP fecal shelddestiould
be removed from the herd to avoid transmission of infection within herds. It is therefore
indicated when confirmation of infection or herd JD eradication (within herd preealen
< 5 %) are the goals for testifig®

It should be noted that although the so-called “pass-through” phenofifefian
animals naturally ingesting and shedding MAP in their feces while appaesctping
pertinent infection by MAP !) is thought to compromise the specificity of batte
culture tests (resulting in false-positive resulfspvailable evidené&in support of the
nature of the “pass-through” phenomenon remains wanting. Influence (if alyadtthe
“pass-through” phenomenon with respect to fecal culture test outcome intéopeeis
therefore unknown. Further investigations are needed to unambiguously demonstrate the
reality with respect to presence of “pass-through” cows in JD inféesdls.

Tests based on antibody detection

The enzyme linked immunosorbent assay (ELISA) is the most commonly used and
frequently evaluated techniqué.®® Advantages of the antibody assays include their
rapid turnaround time and the relative low costs of testing serum or milk clinical
specimens’ ®*However, a major problem affecting antibody assays as diagnostic tools
is that antibody responses to MAP appears late in the course of infécTious, the
antibody tests are not adequately sensitive for early detection of theediseastle.

Dargatz and other$ reported a serological antibody test sensitivity (with fecal
culture used as reference test) that ranged from 15.4 % to 88.1 % depending dn clinica
stage and MAP fecal shedding level of the affected animal. The averad&isgo$i
this test was estimated to be 50 % (95 % Cl: 45.9 % - 54.F%Yecent study of a milk
ELISA vielded a sensitivity of 6198% '

Although reported specificity for both serum and milk ELISAs can be described as
good (range, 88% to 10096f; >* ’® 8% 8the specificity of these tests may be
compromised by non-specific reactions with antigens that present simitgpespds

8



MAP( e.g.Mycobacterium avium, Mycobacterium intracellulare, Mycobacterium
scrofulaceum, or Mycobacterium terrae) resulting in false positive results for MAP.
Nonetheless serum and milk ELISAs are attractive for MAP herd screeming a
surveillance program®' ®although producers may occasionally use these test outcomes
for undertaking culling decisions in herds endemically infected with MAP. (ihdee
circumstances (given the imperfect specificity of the ELISA tests)yecommended

that a producer confirm MAP infection in an ELISA positive cow by performinglfe
culture or PCR testing prior to implementing a culling decifidn.the event that
confirmatory diagnosis using the latter tests cannot be undertaken, prodagers m
perform a second or repeat ELISA and implement their culling decision based on the
magnitude of the SAPsuch that cows with high-to-very high S/P are culled immediately.
Presence of clinical signs additional to a positive ELISA test outcome nayfftoéent

evidence for implementing a culling decision.

Tests based on amplification of unique genetic probes

The genetic element§900 28 #andISMAPO2 * **are considered specific to
MAP and are detectable in clinical specimens by PCR amplificatiéh’® 8 *Several
studies have been conducted to evaluate sensitivity and specificity of MARcsP&bif
probes for detecting MAP present in fecal samples of subclinically idfeatde.” "®
982 Estimated sensitivities were 62 33.5%,° 23%,”® and 70%%* respectively. In a
recent study, sensitivity was shown to improve with number of MAP organisms being
excreted in feces?

Estimated specificity for these tests were 979400%,® 99.7%,” and 88.39%>
respectively. Although the main advantage of tests based on amplification of unique
MAP genetic elements is the fact that results are obtained within Fwdagsninimum
of 12 weeks for fecal culture test5),”® "false positive results are common due to
laboratory generated sample contaminatidri® Further evaluations of these tests for
diagnosing MAP infections using milk and colostrum clinical specimens are also

warranted.

a HerdChek®, IDEXX Laboratories, Inc, One IDEXX Drive, Westbrook, ME
9



Economic effects of Johne’s disease

Several studie¥ *have been undertaken to establish direct costs of JD to the dairy
industry at both herd and national levels. However, a number of limitations plague
studies on the economic impact of JD. First, cause-and-effect relationships be
inferred from these studi€$®®because of their cross sectional observational study
design. Second, losses due to JD vary with production and management systems, burden
of disease (i.e. prevalence), and methods of loss estimation (i.e. not standarthzed)
the long incubation period of the disease makes it difficult to segregate dsssesated
with MAP etiology given the fact that the shortened productive life of dairg coay be
due to reasons unrelated to either subclinical or clinical JD. Consequently, saliglini
infected animals may be misclassified, and losses either underedtonaiat attributed
to MAP infection.

Notwithstanding the above limitations, consistent economic losses attribttable
JD at the herd level have been in the form of decreased milk production, reduceyl fertili
poor feed utilization, decreased herd longevity, increased culling and nyaessis >
93-95, 97-99

In Michigan, a 10 % increase in herd prevalence of JD was associated with a 33 kg
(73 Ibs) decrease in mean weight of culled cows translating into a loss of $ 1150yannuall
in the herds studied. Similarly, mortality attributed to JD was three tigéer in
infected herds compared to negative herds. The latter was translated intcage fogs
of $ 3000 associated with increased costs of replacements and lost slaught&r value.

A 1996 study”® conducted by the US. Department of Agriculture’s (USDA)
National Animal Health Monitoring System (NAHMS) estimated thainfBcted herds
lost $ 100/cow in inventory when compared to uninfected herds. These losses were
attributed to increased replacement costs and reduced milk production. In heavily
infected herds with clinically affected animals, losses we$e200/cow attributed to a
marked reduction in milk productior (543 Ib or 700 kg/cow), greater incidence of
culling, lower cull cow values, and increased mortality rafescross the US, average
annual cost of JD was estimated at $ 24.50/cow in lost productivity translatingdnto
225 million in losses to the dairy industry annually. Important to note is the fathésat
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losses may have been underestimated since their computation was based onla nationa
apparent JD prevalenee21%,® compared with an apparent prevalence@8% in
20078

Cows infected with JD are more likely to be susceptible to other diseasetingcl
mastitis than their uninfected herd mat&m one Minnesota studj’cows manifesting
signs of JD were three times more likely to be diagnosed with pneumonia compghared w
their otherwise healthy or subclinically infected herd mates. Furtis¢s associated with
JD include the cost of implementing control practices (e.g. testing cost®x&mple, a
cost benefit analysi$° for the implementation of a JD control program at the herd-level
estimated a mean net present value (NPV) (defined here as the diffeetween the
cost of an investment and the discounted present value of all future earnings from that

investment) of —$14/cow if the cost of testing were to be borne by the producers.

Factors hindering herd control of Johne’s disease

While advances in knowledge of possible determinants 6f JB38 49 34-57.59. 60,
66,67, 10110%hd concerted efforts towards herd prevention and control have been made
over the yeart?® *°”3D remains endemic in the US causing major economic losses to the
dairy industry® 3199

Several factors hinder efforts to control and ultimately eliminate JD dainy
herds. The long incubation period of the disease means that subclinically infaeted c
can excrete large quantities of MAP in their feces resulting in heavsoamental
contamination, and subsequent exposure of large numbers of susceptible animals to
infection.3? 33 3'The situation is further compounded by the fact that the current
diagnostic tests have imperfect sensitivity for early detection oftedecattle in affected
herds>0>3 76 78. 83, 1081141y cobacterium avium subsp paratuberculosis has been isolated
from a variety of wildlife species including rabbits, deer, and even
earthwormsQligochaeta, Lumbricidae).*****"Evidence for the presence of MAP in
wildlife species underscores the possible significance of inter-spemissnissioht> 4
116, 1185f MAP in the maintenance of JD infections within-herds, even if JD management
control programs targeting perinatal transmission of MAP through the fedal-or
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k>43® and environmental contaminatiSmoutes were successful.

colostrum/mil
Additionally, MAP is known to be resistant to a number of physical condifich&> °*
101 1191215 rviving in the environment for finitely long periods. Though environmental
management including manure waste management aimed at controlling tlileafprea
MAP within and between dairy farms is commonly recommerfded;*! 3% °the
significance of MAP present in the environment in the transmission of the disease
remains unknown.

Herd management measures being applied on farms for JD control péitpdsés
106, 19%have been based on extrapolation of knowledge gained from either cross-sectional
surveys:h 2% 38, 49,54-57, 59, 60, 66, 67, 101-Yp s jmy|ation modeling studié¢&*?*Cross-
sectional studies are best used to construct hypotheses and not to demonstraredeause-
effect relationships. As such, there are no guarantees that diseasedmmsiohs based
on cross-sectional study findings can succeed when implemented in the field. While
simulation modeling studi€$****emphasize the need to implement all necessary herd
management strategies to achieve a lowering of the within herd JDgmew &b levels
that are economical attractive over a 20 year period, no long-term prospectiodedntr
field based clinical trials have been undertaken to validate the efficacy ofdst
frequently recommended herd level management control measures. Thehneferées ho
evidence to substantiate the notion that specific herd management measines for t
control of JD are efficacious, practical, and cost-effective. It & w@ad&nown whether
suggested control measures optimize productivity and profitability at thedweitd |

Finally, due to the complex nature of MAP transmission patterns and the
uniqueness of dairy herds, no single approach to control can be applied to all farms. This
means aspects to control efforts must be designed to meet specific needs arproduc
given their unique circumstanc&sThe process of eradicating JD from farms is long-
term in nature and can take many years depending on the JD burden, control measures

adopted and compliance with the implementation of recommended intervehtidfis?*
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Herd level control strategies

Herd level options for JD control may include treatment, vaccination, testing-and-
culling or removal of infected animals, and husbandry or herd management
interventions’® 3

While the lack of an approved drug ( there is no known treatment that can cure an
infected animal) specific for the disease in calfiemakes the treatment option for JD
control impossible, results from recent stuti&¥°suggest a promising future with the
use of monensin. Treatment with monensin sodium was shown to decrease pathologic
lesions associated with MAP infections in calves and adult cows, respettfvéy.
Similarly, cows fed monensin sodium were found to excrete significaniyMéd in
feces than placebo treated cows, and were less likely to test positive fatiktiali@s on
a milk-ELISA test % 3! These findings suggest that treatment with monensin might
reduce fecal excretion of MAP by infected cows consequently limitingriieonmental
load of MAP with the effect of decreasing risk of MAP infections due to envirorainent
exposure.

Simulation models have indicated that the test-and-cull strategy does noa&imi
JD from the average herd (sizdl00 cows) and should only be applied as an impetus for
improved calf hygien&??*?* 13%r when eradication of the disease (often in herds with
very low prevalence of disease ke5%) is the goal’

While availability of vaccines for JD is limited and their use generaByricted in
the US,*! preliminary experimental and field studi&s-*have shown that vaccination
against MAP lessens severity of the disease and slows progression to tlaé sthtecin
affected animals. However, vaccination against MAP as a control strakelgy
economically attractive does not seem to reduce prevalence of JD under c&rent U
production and management systems, according to simulation modeling stiidies.

Based on findings from simulation modeling studf@g?*the most effective JD
control measures are considered to be those based on herd management pectices (i
improved calf-hygiene and contract heifer rearing) aimed at breaking thenisaims
cycle of MAP in dairy herd®" **The focus on the calf (heifer) is premised upon the
understanding that calves are most susceptible to infection during the fiositissnof
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birth.3! In a recent meta-analysiof studies targeting age-related susceptibility to MAP
infection, significant differences of susceptibility to MAP infection betweaves < 6
months old and adult cattle, and in calves aged between 6 and 12 months old and adult
cattle were observed suggesting an age related resistance to Métirffe 2

Therefore, the goal is to limit exposure of calves to putative sources of Médion

and to prevent transmission of MAP from dam-to- £aft” **However, while there is no
evidence to substantiate the efficacy, practicality, and straight fmess of
implementating specific management interventions, an Australian*$&mty two
Minnesota report§® *’provided evidence suggesting that participation in a JD control
program (with emphasis on management interventions) reduces the incidemaealf cl
disease, fecal excretion, and seroprevalence of MAP over time.

In several reviews of herd control of JD, the most recommended strategies for
breaking MAP transmission cycles were discu$sét*" *including calving in clean
maternity pens, prompt separation of calves from their dams after birtdaageiof
natural nursing, separate housing for calves and adult cattle, maintaosed blerds,
avoiding spreading manure to crop fields, disinfection of sick cow pens, and removal of
animals with clinical JD. Recent evidence showing that infected catzegoaing stock
(< 2 years old) can excrete MAP in feces and successfully transmit &étRer calves

24.40. 415, ggests the need for individual housing of calves in infected herds.

horizontally
However, the efficacies of the preceding interventions have not been fullytedaiua
controlled clinical trials.

Detection of MAP in colostrum and milk collected from MAP infected w3
138 has led to the suggestion that feeding raw bovine colostrum or milk may be one of the
earliest means by which susceptible calves become exposed to MAP. Nnelsgthexs
indicated in a recent report that the practice of feeding calves colostr@tiedifrom
multiple donors was significantly associated with affected calvéadgzositive for
MAP in the future compared with herd mates fed colostrum collected from their own
dams®® Additionally, herds in which calves were fed colostrum collected from known
MAP infected cows were 87 times as likely to be infected with MAP as herdsich w
such colostrum feeding practices are not the n&finAs such, feeding programs that
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encourage use of colostrum from uninfected cows or alternatively, feeding caaimerc
colostrum replacer products, and pasteurized colostiuh®* **"*twhile discouraging
the feeding of pooled colostrum have been recommended to produserslar
recommendations have been made with respect to milk feeding programsiigicludi
feeding commercially available milk replacers or pasteurized mitkadsof raw milk (or
unpasteurized raw waste mifk)However, the transmission of MAP through raw
colostrum and/or milk feeding programs is not fully understood. Additionally, the
efficacies of the preceding colostrum management interventions have noulbeen f
evaluated using controlled clinical trials. It is the lack of such evidencenpated the
work presented in this thesis.

Objectives

The goal of this thesis is to describe the role of colostrum in the epidemiology of
JD and evaluate the evidence for calf excretion of MAP following natural expdsure
achieve this, the following general objectives were defined.

Objective 1:To evaluate the role of raw colostrum feeding programs in the
transmission of MAP in calves.

Objective 2:To describe the efficacy of plasma derived colostrum replacement
products as a possible management tool for the prevention of transmission of MAP in
calves.

Objective 3:To compare the effects of the two colostrum feeding programs (i.e.
colostrum replacement product vs raw colostrum) on future performance and survival of
calves in the herd.

Objective 4:Describe the extent of colostrum and teat contamination by MAP
attributable to excretion of MAP by infected cows and its implication for palenti
exposure of calves to MAP infection under natural farm settings.

Objective 5:Describe the patterns of fecal excretion of MAP by calves and its
implication for horizontal (calf-to-calf) transmission of the disease umaerral farm

settings.
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Descriptive outline

Chapter 21s a description of a clinical trial conducted to determine the efficacy
of feeding a commercially available plasma colostrum replacemedaigir (vs raw
colostrum) for preventing transmission of MAP in calves.

Chapter 31s a description of the effect of a commercial plasma-derived
colostrum replacement product (vs raw colostrum) on performance (i.e. milk porducti
and reproductive performance) and long-term survival of calves in the herd (i.e.
longevity).

Chapter 4Describes an experimental validation of a nested PCR for detecting
MAP DNA in colostrum.

Chapter 51s a description of the risk of MAP infection in calves fed colostrum
positive for MAP DNA compared with herd mates fed MAP DNA negative colostrum.

Chapter 6Describes the relationship between fecal excretion of MAP by cows
around calving time and the risk of detecting MAP DNA in colostrum and teat swabs
collected from the cows.

Chapter 71s a description of fecal excretion of MAP by young calves born in a
heavily infected herd and therefore naturally exposed to MAP and potentialffay-cal
calf transmission of MAP.

Chapter 8is a description of the conclusion of findings of chapters 2 to 7 and
how these findings relate to the role of colostrum in the transmission dynamiésof M

within herds.
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Chapter 2 : Efficacy of feeding plasma-derived commercial col ostrum
replacer for the prevention of transmission of Mycobacterium avium subsp.

paratuberculosis in Holstein calves

P. Pithua et al. /JJAVMA 234(2009) 1167-1176

Abstract

Objective: To estimate the relative risk of Johne’s disease (J@}iorien calves fed
plasma derived colostrum replacement (CR) product vs raw bovine maternalucolostr
(MC).

Study Design: Randomized controlled clinical trial.

Animals: 497 heifer calves born in 12 JD endemic commercial Holstein dairg farm
located in Minnesota and Wisconsin.

Procedures: Every calf was separated from its dam within 30 to 60 minutdsiréftand
systematically assigned to be fed raw MC (control group, n = 261 calves) or CR
(treatment group, 236 calves). The calves were monitored to adulthood and tested for
Mycobacterium avium subspppar atuberculosis (MAP) infection using an ELISA test for
serum antibodies against MAP and the bacterial culture test for MAP mdece
approximately 30, 42, and 54 months of age. Weibull regression models were used to
evaluate the effect of feeding CR (vs raw bovine MC) on the risk of developing JD
infection.

Results: Calves fed CR at birth were less likely (hazard ratio = 0.559)dmbenfected
with MAP (as determined by use of an ELISA, bacterial culture, or both,testspared
with the likelihood for calves fed MC at birth.

Conclusions and Clinical Relevance: This study revealed that feeding CRdd¢lkece
risk of MAP infection in Holstein calves born in JD endemic herds, which implied that
feeding raw bovine MC may be a source of MAP for calves. Plasma colostrum
replacement products may be an effective management tool for use in dairy herds
attempting to reduce the prevalence of JD.
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Introduction

Paratuberculosis (ie, JD) is caused by infection with MAP. Halting trasgmisf
MAP within dairy farms by use of cost-effective and efficacious tools ismportant
factor to consider when developing JD control programs. Cattle are considered most
susceptible to infection during the first month after bfrttf” 2 *Although manure
from infected adult cattle is considered the most important source of ¥,
transmission occurring mainly via the fecal-oral route, MAP organismalsarbe
excreted in milk and colostrum of JD infected cd&> Thus, raw bovine MC
contaminated with MAP may contribute towards transmission of MAP within dairy
farms>°

Feeding adequate- or good-quality MC is essential for preventingefaifyrassive
transfer (defined as a calf serum IgG concentration < 10 g/L within 24 heerdiath),
a condition that increases the risk of morbidity and death in young stock. Colostrum
replacers, derived from either bovine plasma (serum) extracts or ldeteadtives, are
marketed as a convenient alternative to MC in situations in which quantity oy daalit
both) of MC is compromised. Colostrum replacers for calves are intended to provide
100 g of IgG/dose as well as other nutrients, including vitamins, minerals, ¢dsela
and protein®*” It has been suggested that CR products may be useful management tools
to assist in the control of infectious disease agent€(exgli, Salmonella spp,
Mycoplasma spp, bovine leukemia virus, and MAP) that may be transmissible from adult
cows to calves through ingestion of raw MC. Therefore, programs that ageause of
CR products for calves have been recommended to prodticisowever, to our
knowledge, there is no evidence to suggest that implementation of a program for feeding
CR products to calves on dairy farms will yield a beneficial effectchiaimg the
transmission of MAP and therefore reducing the risk of JD in calves, compared with
results after feeding raw MC.

The objective of the study reported here was to investigate the effeetdaid
CR vs raw bovine MC on the risk of transmission of MAP, and development of

subclinical MAP infection in Holstein dairy calves.
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Materials and Methods

Animals

Holstein calves on 12 commercial dairy farms (herds 1 through 12, respectively)
located in western Minnesota (n = 9 farms) and eastern Wisconsin (3 farmsjseéria
the study. Herd participation was entirely voluntary. Criteria for herd ilociwgere
producer willingness to comply with study protocols, participation in the Minnesota (
Wisconsin) Dairy Herd Improvement Association (DHIA) milk production records
system, and evidence that JD was endemic in the herd. Endemic status was initiall
assigned on the basis of a history of culling cattle because of JD during ithe yea
preceding the start of the study, although confirmatory testing to detehnerdénfection
status was subsequently performed. Before the start of the study, produceeted@mpl
guestionnaire describing their routine colostrum management programs aral gercer
information. The study was approved (protocol No. 0704A06362) by the Institutional

Animal Care and Use Committee of the University of Minnesota.

Study design

A prospective clinical trial study was conducted to evaluate the risk of MAP
infection in heifer calves fed either raw MC (control group, n = 261 calves) or CR
(treatment group, 236 calves) product at birth. Heifer calves born between July and
October 2003 were enrolled in the study. Samples and data collection were completed in
December 2007.

Each enrolled heifer calf was separated from its dam within 30 to 60 minutes afte
birth and was not allowed the opportunity to suckle its dam. By use of a systematic
allocation procedure (ie, alternating such that a calf was assigned toapeagd the
subsequent calf was assigned to the other group), calves were assignestitcaineMC
(control group) or a single dose of E@eatment group). The MC fed to a calf originated
from its dam, although there were instances in which an insufficient quanift¢ avas

available from a dam, which necessitated that refrigerated coloswomother dams

# Secure®, American Protein Corp, Ames, IA
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was fed instead. The CR contained 125 g of IgG/dose and was mixed with 2 L of warm
water, as per manufacturer’s instructions, prior to feeding.

Calves in 11 of the 12 participating herds were fed 3.8 L of MC at the first feeding,
whereas calves in the other herd were fed 1.9 L of MC during the first feedings Ga
5 herds were routinely provided a single meal of MC followed by a commercial mil
replacer thereafter. In the other 7 herds, calves were routinely provided a seadnd m
consisting of 1.9 L of MC within 8 to 12 hours after the first colostral feeding. In those
herds, calves assigned to the treatment group were fed a second meahgarfsisti L
of a commercial milk replacer supplemented with a single dose of a coratyerci
available colostrum supplemenbduct’(CS) within 8 to 12 hours after the first CR meal
was fed. In contrast to CR, CS products are intended to provide < 100 g of IgG/dose
when fed to calves, and are not formulated to replace MC. The CS product used in this
study contained 45 g of IgG/dose, and both CR and CS products originated from the same
manufacturer. Preweaning diets (up to 56 days of age) for all calves abasiste

commercial milk replacer and unrestricted amounts of water and cadfr sialtets.

Preweaning samples and data collection

For each enrolled calf, calf managers recorded the identification of the dam
identification of the calf, birth date, number of calves born (singletons or {wypg) of
colostrum fed (CR or MC), calving score, and interval from birth until feeding of
colostrum. Paired 20 mL samples of MC fed to each calf in the MC group wasembllect
into sterile sample tubes that were subsequently labeled with the respbsativiecation
of the calf and farm identification prior to freezing at 2@@or subsequent analysis to
determine contamination with MAP. The intent was to establish whether calves we
exposed to MAP via MC.

The short-term objective of this study was to evaluate the effect of fe€&ng
MC on serum IgG and total protein concentrations in young (1-to- 8 day old) calves and
morbidity and mortality risk for calves between birth and weaning. Findingedattort-

term objective of this study have been reported elsewffere.

® Lifeline®, American Protein Corp, Ames, IA
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Post weaning samples and data collection

Calves were weaned at approximately 56 days of age and monitored until
adulthood. Calves were tested for MAP infection at approximately 30, 42, and 54 months
of age. Data on calves were not officially collected by the investigattwede weaning
and the first testing event at 30 months of age. However, records of deaths, sale of
animals, or culling events during this period were retrieved from comnigravalilable
dairy management softwéiestalled in participating farms. Alternately, some of the
death and culling events were accessed from records maintained mantlady by
producers. Despite this effort, some heifers were lost from the study duripgtiod.

These heifers were censored at the last known date present within the lamagwe
date). There were no losses to follow-up in the period between the first testing @@ent
months of age) until conclusion of the study (54 months of age). Prior to the start of
testing of the adult study cows for MAP infection, producers completed a questonna
describing details of their routine JD management programs.

During each sampling event at approximately 30, 42, and 54 months of age, 10 mL
of blood was collected from the coccygeal vein of each cow by use of a 20-gauge, 1-inch
needle into a 16 X 100-mm blood collection tube. Approximately 10 g of feces was
collected manually from the rectum of each cow by use of a disposable plastic
examination sleeve and stored in sterile plastic sample containers prior teshiprthe
Minnesota Veterinary Diagnostic Laboratory located at the Universityirmh@dota,

College of Veterinary Medicine for processing and testing.

Serologic testing for MAP antibodies

Serum derived from blood samples was tested for antibodies against MAP by use
of a commercially available serologic ELISA test%@eropositive results for MAP were
indicated by use of an optical density value. For each sample, values for Mt east
were reported as an S/P. Samples with an S/P < 0.25 were classifiethgalegative

results, whereas those with an $/B.25 were classified as having positive results for

¢ Dairy Com@g 305°, Valley Agricultural Software, Tulare, CA
4 HerdChek®, IDEXX Laboratories, Inc, One IDEXX Drive, Westbrook, ME
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MAP antibodies. In a validation studi,sensitivity of this test varied from 15.5% to
88.1%, depending on the clinical stage and amount of MAP fecal shedding of each

infected cow.

Bacterial culture for MAP

The 72-hours sedimentation culture method for fecal samples was used to culture
MAP from fecal samples. The detailed protocol for this method has been described
elsewheré® Briefly, fecal samples (2 g) were mixed with 40 mL of sterile distillecewat
for 30 minutes and then placed on a horizontal surface and allowed to settle for 1 hour.
An aliquot (5 mL) was aspirated from the top of the suspension and transferred into a 50-
mL tube that contained 35 mL of 0.9% hexadecyl pyridinium chloride. The tube was
thoroughly mixed (manually shaken), and the suspension was allowed to settle for 72
hours. Sediment (2 mL) was then collected from the bottom of the tube and mixed with
0.1 mL of 50 mg of amphotericin B rehydrated in 10 mL of sterile distilled water. Four
tubes of Herrold’s egg medium containing Mycobactin J and control tubes of Herrold’s
egg medium without Mycobactin J were each inoculated with 0.2 mL of the suspension.
Caps were loosely applied to the tubes, and tubes were then incubated in a horizontal
position at 37C for 1 to 3 weeks. When there was a dry appearance on the surface of the
media at that time, caps were then tightened and tubes were incubated forianaaddit
period. Beginning at approximately 6 weeks after start of incubation, tubes were
examined on a weekly basis to detect growth of MAP. Results were reportedtgeneg
positive—low shedder (1 to 10 colonies/tube), positive—moderate shedder (10 to 50
colonies/tube), positive—high shedder (51 to 100 colonies/tube), or positive—very high (>

100 colonies/tube) per g of fecal sample.

Estimation of herd MAP infection prevalence
The initial evidence used to indicate that selected herds had MAP infection was
based on the recollections of the producers’ with regard to culling of cows infatied w
MAP during the year preceding the start of the study. To confirm that thetsevirere
infected with MAP at the conclusion of the study in 2007, the investigators estimated t
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true within-herd prevalence of MAP for each herd. The apparent prevalence of MAP
infection in each herd was first determined by testing 30 cows (other thanrthbee i

study cohort) that were in their second or greater lactation; these cowsanaoenly
selected from each herd during the last sampling event conducted at 54 months for the
detection of antibodies against MAP. Blood samples were collected adddscri
previously and tested by use of a commercial ELISA wiith an estimated specificity of
98.6% and sensitivity of 50%°For each herd, true prevalence estimates for MAP were

calculated from the estimated apparent prevalence by use of the follawiatipe:**

p (MAP) = (AP — [1 — Specificity])/ (1 — [{1 — Specificity} + {1 — Sensitivity}])

where p (MAP) was the true MAP prevalence and AP, the apparent MAP prevalence f
each herd, respectively.

The Minnesota Veterinary Diagnostic Laboratory maintained an electlambase
with records of test results for all samples submitted by veterinargsherving many
dairies in Minnesota and western Wisconsin. Test records for MAP infectratoge
ELISA [based on testing 30 cows and 2 MAP-positive outcomes/record]) were
retrieved from the database for each of the 6 herds (herds 2, 3, 5, 9, 11, and 12) in which
the estimate of apparent MAP prevalence (as determined on the basis ofoe8@ts
randomly tested cows at the last sampling event) was 0%. These test remerdsed to
estimate apparent prevalence prior to calculating true prevalencatestiior these
herds.

Disease outcome definitions

The primary outcome for this study was subclinical MAP infection indicated by a
positive test result on the serologic ELISA test or bacterial culturéotelsIAP in feces.
A third outcome variable was derived by applying a parallel diagnostic tegtretiation
criterion to both test outcomes (ie, cows were considered infected with MAP kéen t
had positive test results for either the serologic ELISA, bacterial ewfueces, or both
diagnostic tests).
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Statistical analysis

Descriptive and multivariable analyses were conducted by use of standard
statistical softwaré For all analyses, values Bf< 0.05 were considered significant.

The proportion of cows with positive test results for MAP at each sampling event
(approx 30, 42, and 54 months of age) and the cumulative proportion positive for MAP
(all months combined) was summarized. The difference in the risk of MAP orfecti
between treatment groups (CR vs MC) was tested by fitting logigfiesgion models to
the data while adjusting for random effects of herd (n = 12).

For each cow in the study, months of observation was calculated from the time of
enrollment (calf birth date) to the sampling date when the first positiveesest for
MAP was established or when the study concluded at approximately 54 months of
follow-up monitoring, at which time all surviving cows were censored. Cows thtdbdie
were culled for any reason during the 54-month follow-up period were censored at the
date of their death or culling. Cows lost during the follow-up monitoring period between
weaning and the first testing event (approx 30 months of age) were assumed to have
exited the study at weaning and were therefore censored from the anadipdes @t
weaning (approx 56 days after birth).

Three separate Weibull hazard regression models were fit to the dataumtevad
effect of feeding CR vs MC on the hazard of a positive MAP diagnosis (as detdram
the basis of the serologic ELISA, bacterial culture of feces, or both wdste adjusting
for herd effect by inclusion of an inverse-Gaussian shared-herd fraitiyter*°The
Weibull distribution provides a variety of monotonically increasing or decrga$iapes
of the hazard function determined by the estimated parametarp = 1, it implies a
constant hazard function. FeK 1, it suggests a monotonically decreasing hazard
function, whereap > 1 is indicative of a monotonically increasing hazard functton.

In the study reported here, the Weibull distribution was chosen to model the hazard
of MAP infection in CR (vs MC) treatment groups for 2 reasons. The first i# that
provided a good fit to the data in comparison to other known hazard distributions (eg,

exponential, Gompertz, log-normal, and log-logistic), as determined on tiseob#se

® Stata® Corp, College Station, TX
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AIC computed for each model with treatment group (CR vs MC) as the only predictor.
Detailed description for computing the AIC has been reported elsewttarel per this
criterion, the best-fitting model is the one that yields the smallest Al@ vahe second
reason was the long incubation period for MAP infections in cattle (assumeg @ be
years) meant that with the passage of time, the hazard rate of detefatigpn

increases. Because the diagnostic tests used in the study reported harsdmsitvity

that increases with progression of JD from a subclinical to a clinica) tate our
opinion, the Weibull hazard distribution provided the most suitable description for the
natural course of MAP infection in cattle for the characteristics of #te tsed to detect
MAP infections in the study.

Similarly, the choice between Gamma and inverse-Gaussian distributions to mode
the shared herd frailty effect was based on their respective fit for dnewdtt a better fit
indicated by a higher maximized log-likelihood of each full model (ie, models with the
frailty terms included) and how well the shape of the frailty distributidribditheoretic
description of the herd effect. The Gamma frailty effect assumes ithgpagsage of
time, the effect of model variables on the population hazard decreases in favor of the
frailty effect (ie, the herd effects would completely dominate in thg term). On the
other hand, an inverse-Gaussian frailty effect assumes that the effemd@fwariables
decrease with time, although they never completely disapjéar.

The goodness-of-fit of the final models was evaluated by generatingplots
cumulative hazard function against Cox-Snell residuals with a cumulativedhaza
approximating a 45line with a zero intercept, suggesting a good fit of the model to the
data.l43’ 145

The possibility of a treatment-herd interaction was examined, but there was no
evidence for such an interaction. Nonetheless, the data were stratified pgrice
estimates of the treatment effect (CR vs MC) on the hazard of MAP infectioin wach
herd was calculated to examine whether individual herd-level responses hgfee@GR
were consistent with the average population-wide estimates from thadjasted

models.
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Power analysis

Power refers to the probability that a significant treatment effecRofv€ MC)
against MAP infection of a certain magnitude will be found when it truly eXiSts.the
study reported here, we tested the null hypothesis that calves fed MC at bb@tat\we
greater risk of being infected with MAP than were calves fed a CR producthatTihie
sample size needed to test this hypothesis was not determined a priori becausal the
study*avas designed to compare rates for failure of passive transfer andapnegve
health (morbidity and deaths) among calves fed MC vs CR. Therefore, we conducted a
post hoc power analysis to determine whether the sample of heifer calvesdenroll
provided the study reported here with sufficient power to enable rejection of the null
hypothesis or to mitigate a type Il error. The variables for this dealygse estimated
from the data and included the observed treatment effect estimated from thdanodel
positive outcomes to the serologic ELISA, bacterial culture or both testsgdad:si
0.05, and the observed cumulative incidence of MAP infection (serologic ELISA,

bacterial culture, or both) among study cohorts.

Results

Herd description, JD management, and herd infection status

Number of cattle in participating herds ranged from 190 to 1,500 cows (median,
594 cows). Fifty-two percent of dairy herds in Minnesétand 54% of dairy herds in
Wisconsirt*®are within this range for number of cows in the herd. Lactating cows were
housed in free stalls at all participating dairies. Mean milk production (rdiend
average) for each farm ranged between 9,773 and 13,636 kg/y (21,500 and 30,000 Ib/y),
with a median of 11,727 kgly (25,800 Ib/y). Bulk-tank somatic cell count ranged between
180,000 and 280,000 cells/mL (median, 240,000 cells/mL).

Interval from birth to feeding of the first colostral meal ranged from 36 esniot
138 minutes (median, 81 minutes). Colostrum was bottle fed to calves in 6 herds,
whereas the remaining 6 herds fed colostrum to calves via an esophageal tube feede

Calves were raised on-site at 6 farms, whereas the other 6 farms trechgpoirtg (1-to-
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3 day old) calves to be raised off-site at the facilities of 1 of 2 professieiiaf
growers.

Distribution of estimates for true within-herd MAP prevalence determined on the
basis of testing 30 randomly selected cows at the last sampling event in 20@70bw us
serum ELISA or past ELISA test records (herds 2, 3,5, 9, 11, and 12) obtained from the
Minnesota Veterinary Diagnostic Laboratory database was summarigede(E). All
participating herds were infected with MAP, with the burden of infection vagimgng
herds. The estimated true MAP prevalence for each herd ranged between 0.43% and 64%
(median, 8%).

Of the 9 farms in Minnesota, 8 (herds 4, 5, 6, 7, 8, 9, 10, and 11) were participants
in the Minnesota Voluntary JD Control Program. Only 1 (herd 12) of the 3 farms enrolled
from Wisconsin reportedly participated in a similar voluntary JD control pnogra
Testing strategies for MAP varied among study herds and were not muticllgies
because some of the herds reported use of > 1 MAP testing strategy. Fivinéetsid (

2, 4, 10, and 12) reported that they tested only cattle that had clinical signs of JD,
whereas 1 herd (herd 7) reported that they tested only cattle purchased froral exte
sources. Four herds (herds 5, 6, 7, and 8) reported that they tested cattle ordnéithe
lactation. Whole-herd testing for MAP was reported for 2 herds (herds 8 and 9). In 5
herds (herds 1, 4, 5, 10, and 11), the decision to cull a cow suspected of being infected
with MAP was based on both a positive diagnostic test result and detection of clinical
signs of JD. On the other hand, 6 herds (herds 2, 3, 6, 8, 9, and 12) based their culling
decisions on only clinical signs of MAP, whereas only 1 herd (herd 7) culled MAP

suspect cows solely on the basis of positive diagnostic test results for MAP.

Descriptive analyses

A total of 497 Holstein heifer calves born between July and October 2003 were
enrolled in the study; 261 of these received MC, and 236 received CR. The slight
imbalance in number of calves enrolled between the MC vs CR groups was attigbute

the fact that early during the study, personnel on some participating edioesere
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working weekend shifts only fed MC to newborn calves. This was not likely to have
introduced a bias for the study findings.

The number of cattle lost to follow-up monitoring between weaning and the first
testing event (30 months of age) was more than twice as high in the CR group (12/236
[5.1%]), compared with that in the MC group (6/261 [2.3%)]), although these values did
not differ significantly ¢* = 3.33; P = 0.07). Cumulative incidence for losses during the
follow-up period was 20 of 497 (4.0%). By assuming that the calves lost to follow-up
monitoring were censored from the study at weaning, bias attributable to a lolswe f
up monitoring, which would have disproportionately affected the CR group, may have
been avoided in this analysis.

The proportion of cows in the MC and CR groups that had positive results for MAP
during the first, second, and third testing events were determined (Table 1). The
cumulative proportion of cows with positive results for MAP by use of the ELISA test
was 25 of 497 (5.0%), with 16 of 261 (6.1%) in the MC group vs 9 of 236 (3.8%) in the
CR group. Similarly, the cumulative proportion of cows with positive results for MAP on
the basis of results of bacterial culture of feces was 46 of 497 (9.3%), with 29 of 261
(11.1%) in the MC group vs 17 of 236 (7.2%) in the CR group. When the positive
outcomes for the serologic ELISA and bacterial culture were combined vialkelpast
interpretation criterion, the cumulative proportion of cows with positive testsdeul
MAP was 49 of 497 (9.9%), with 31 of 261 (11.9%) in the MC group vs 18 of 236
(7.6%) in the CR group.

Multivariable logistic regression analysis

Results from the logistic regression models adjusted for random herd afidcts
comparing the risk of MAP infection in CR vs MC groups during the first, second, and
third testing events were summarized (Table 1). When a positive outcome for the
serologic ELISA was considered the only test criterion for interpretiAg Mfection
status, cows fed CR at birth were 55% (OR = 0.488;0.118) less likely to be infected
with MAP, compared with the likelihood for cows fed MC at birth. Similarly, when a
positive outcome for bacterial culture was considered the only test criterion for
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interpreting MAP infection status, cows fed CR at birth were 46% (OR = (0FP538;

0.067) less likely to be infected with MAP, compared with the likelihood for cows fed
MC at birth. When positive outcomes for the serologic ELISA and bacterial cultuee we
combined via a parallel test interpretation criterion, cows fed CR at birth4886 (OR
=0.523;P = 0.051) less likely to be infected with MAP, compared with the likelihood for
cows fed MC at birth.

Multivariable time-to-MAP positive model analysis

The AIC was computed for each hazard distribution. For the ELISA model,
Weibull (AIC= 174), exponential (AIC = 199), Gompertz (179), log-normal (171), and
log-logistic (174) were calculated. For the bacterial culture model, Wé¢&id = 251),
exponential (305), Gompertz (259), log-normal (246), and log-logistic (250) were
calculated. For the both- tests model, Weibull (AIC = 257), exponential (318), Gampert
(266), log-normal (253), and log-logistic (257) were calculated.

In the analysis for the study reported here, the inverse-Gaussian sbeddhitty
distribution resulted in models with a better fit than that for the Gamma sharckd-he
frailty distribution (log likelihood for the serologic ELISA, —71.446 vs —72.249 for
inverse-Gaussian and Gamma shared herd frailty, respectively; baotétiad, —

111.731 vs —111.691 for inverse-Gaussian and Gamma shared herd frailty, respectively;
and combination of serologic ELISA and bacterial culture, —113.418 vs —113.461 for
inverse-Gaussian and Gamma shared herd frailty, respectively) Thus, tiseinver
Gaussian shared-herd frailty models were preferred. Evaluation of the shapss of
cumulative hazard function against Cox-Snell residuals suggested that theoiitehs m
provided relatively good fits for the data (results not provided).

Predicted hazard functions for each final model comparing CR vs MC groups were
plotted (Figure 2). In all cases, a hazard of close to 0 was detected up tarapf@y30
months, which reflected the duration of the follow-up monitoring period when no MAP
testing was implemented. The hazard rate of MAP infection gradually secéaboth
groups up to approximately 54 months, but the increase was more rapid in the MC group,
which suggested that cows in the MC group had a greater likelihood of developing MAP

29



infection with the passage of time, compared with the likelihood for cows in the CR
group.

Results for the Weibull regression models adjusted for the shared-herddffaittly
determined on the basis of records for 497 heifer calves in 12 herds were s@wdmariz
(Table 2). The estimated shape parameters for the models wer@as f&LISA,p =
3.54; bacterial culturgy = 3.65; and both tests,= 3.77. These values suggested a
monotone increasing hazard of MAP infection for both the CR and MC groups. The
shared-herd frailty effects were significaRt< 0.001) in all 3 models, which suggested
the existence of true unmeasured herd effects.

The models in this study accounted for herd as a random-effect variabtg)(frail
and the fixed effects for treatment (CR vs MC) were interpreted as populatrageave
estimates (ie, treatment effect estimates had herd specific imtigenterpretationsy’
Cows in the CR group had a 53% (HR = 0.474; 0.081) reduction in the hazard of
MAP infection (as determined on the basis of results for the ELISA), comparedwvith t
likelihood for cows in the MC group. For cows that had positive results for the bacteria
culture test, a 43% (HR = 0.57R;= 0.076) reduction in hazard of MAP infection was
detected for the CR group, compared with the likelihood for the MC group. When
outcomes for the ELISA and bacterial culture were combined via a pardilel tes
interpretation criterion, a 44% (HR = 0.5%8z= 0.056) reduction in the hazard of MAP
infection was detected for cows in the CR group, compared with the likelihood for cows

in the MC group.

Estimates of individual herd treatment effects

Estimates of the treatment effect (CR vs MC) on MAP infection (modeled for
serologic ELISA, bacterial culture, or both) stratified on the basis of herd waashdsed
(Table 3). Cows in 4 herds (herds 7, 9, 10, and 11) did not have a failure event (ie, no
positive test results for MAP in study cattle during the 54-month study period).
Therefore, the effect of treatment within these 4 herds could not be estimatedwake
a significant protective effect of feeding CR for herd 5 (HR = (P24,0.007). Although
numeric estimates of treatment effect revealed that sometimesdrgatas protective
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(herds 3, 4, and 6) or not protective (herds 1, 2, and 8), there was no significant difference
between treatment groups for these herds. These herd-stratified dathlshmiérpreted

with caution because no overall herd-by-treatment interaction was desectdecause
stratification of the data by herd would have significantly reduced thgtanabwer for

each estimate of within-herd treatment effect.

Power analysis

Variables for the power analysis included the observed treatment effecatesti
from the model for outcome of the ELISA, bacterial culture, or both tests (Tabl@-2), a
sideda < 0.05, and the observed cumulative incidence (49/497 [9.9%]; Table 1) of MAP
infection (ELISA, bacterial culture, or both tests) among study cohorts. This&naly
revealed that a sample of this size (n = 497 heifer calves [assuming cateesvenly
allocated between groups]) provided the current study with a statistical p@08&t to
enable the rejection of the null hypothesi® at0.05 if the true reduction in hazard of
MAP infection had been 51% (HR =0.487) in the population of cows fed CR vs MC at
birth (compared with the 44% [HR = 0.558] risk reduction estimated from the current
data).

Discussion

To our knowledge, the study reported here is the first prospective, long-term
evaluation of the role of MC in the epidemiology of MAP and the efficacy of a CR
product for prevention of MAP transmission in preweaned Holstein dairy calves. These
results provide evidence that feeding a CR reduced the risk of MAP infectionsteifol
calves.

A major strength of the study was its design (ie, a prospective clinalal tr
conducted in 12 herds with JD). This study provided us with the ability to identify cause-
and-effect relationships between the 2 colostrum-feeding programs (R)vand risk
of MAP infection, thus providing dairy producers with evidence needed to judge the
performance of alternative colostrum feeding programs for the prevehti\GAR
transmission within commercial dairy herds. An additional strength of the stagithe
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fact that data analysis by use of Weibull and inverse-Gaussian shadddaligr models
allowed for the adjustments of herd effects, thus enabling the possible getieralof

study results to a wider population of herds with management systems rtiilase
included in this study because the estimates of the fixed effects ofi¢r@dgiCR vs MC)

had a population average interpretatidkie, HR estimates calculated on the basis of the
hazard of MAP infection among cows in the CR group vs hazard of MAP infection
among cows in the MC group were not herd specific and were therefore interpreted
independent of the herd effects).

We were not able to test the dams for MAP infection prior to birth of each calf. The
possibility of in utero MAP transmission has been repdft€q thus, some calves in the
study may have been infected prior to receiving their first colostrdl Meaever, we
are confident that the potential risk of MAP transmission to calves through in utero
exposure was balanced between groups (CR vs MC) by way of systethoatti@h of
calves to the treatment groups at the time of enrollment. Therefore, the potential f
utero MAP transmission is unlikely to have biased the results of this study.

Herd was included in the final models as a random-effect variable, but initial
adjustment for herd as a fixed-effect variable yielded treatméttefstimates (ELISA
or bacterial culture [or both tests] model, b = -0.693 [0.049] and —0.582°[= 0.056]
for fixed-effects herd adjustment and random-effect herd adjustment, treslyg¢¢hat
did not alter the final conclusions derived from the herd random-effects modelasBeca
the fixed-herd effects were not of interest in this study (and because thiera laege
number of herds [n = 12 herds], which may have caused parameter estimates to become
unstable) and were considered nuisance parameters meant to adjust for within herd
clustering**® we decided to model herd as a random-effect variable, although herds that
participated in the study were a convenience (not a random sample) sampd@ from
underlying population of dairy herds in Minnesota and Wisconsin.

Although adjusting for herd-level clustering is a necessity in a sty as this, a
potential limitation of adjusting for herd effects as a random variable ig thatls to
amalgamate the effect of treatment in larger herds (herds thaeemadre calves in the
study), which yields average population-effect estimates with lessigaraatd making it
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difficult to discern those herds likely to benefit (or not benefit) from the intéiore For
this reason, although there was no evidence for a treatment-herd interadtisrstody,
we analyzed the data after stratifying by herd to examine treatespunses for each
herd. Heterogeneity of treatment response was detected at the herBdeesiample,
there was a numeric increase in risk of MAP infection in cows fed CR at lmrtipared
with the risk for infection in cows fed MC at birth, in 4 herds, but this apparent increase
was not significant. We initially suspected that these herds may have roadeceaous
effort to test cows at the end of lactation and then withheld feeding of cofotrm
MAP-positive dams at the time of enroliment. The consequence of this could have been a
potential reduction in risk of MAP infection among calves enrolled in the MC group, thus
biasing the treatment effect toward the null. However, investigations by the authors
yielded no evidence to suggest that testing of adult cows for MAP was undertaken in
study herds with the intended purpose of withholding the feeding of suspect colostrum
from the calves of that herd. Additionally, a numeric reduction in risk of MAP infection
in cows fed CR at birth, compared with the risk for cows fed MC at birth, was detected i
3 herds, but this probable protective effect was significant in only 1 herd (herd 5).

Possible explanations for the variability in treatment response among herds
included random error, although it is entirely possible that a CR-feeding program
provided little to no added protection to Holstein calves against MAP infection in some
herds but offered absolute benefits in others; stratification of the data by hexld ,mady
have resulted in a type-Il error (ie, the relatively small sampldmiean, 43 calves
enrolled/herd; range, 14 to 83 calves enrolled/herd]) within herds may have
compromised the statistical power to detect a significant treatmeat &iffé increased
the variability in treatment response at the herd level); and a short observatahfoeri
time-at-risk, relative to the long incubation period of MAP infection (whidbeigeved to
range from 24 to 72 months from exposure to disease onset). The cumulative median
time-at-risk for cows in these herds was approximately 41 months (39 monthe @Rt
group vs 42 months for the MC group). Infection with MAP in cattle is believed to have a
prolonged course, with clinical manifestation of the disease occurring4amonths of
age after exposure of calves to MAP within the first 6 months of birth. In view of this
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limitation, and given that the mean £ SD censoring rate per herd was apprbxdBate
3.0% between birth and 54 months of the follow-up period, it is possible that several
MAP-infected cows were censored from these herds for reasons unrelated to the
treatment prior to being tested or before having a positive result for MARgdesting.
Moreover, the diagnostic tests used to detect MAP infection in this study hatesllimi
and unreliable sensitivity during the early phases of the disease irrtattle.
Consequently, the risk of MAP infection within herds may have been underestimated,
which may have further exacerbated the type-Il error for herd-levemnteaaeffects. The
lack of a significant treatment effect with regard to the risk of MAP iidferdh some

herds may have also been attributable to insufficient concentrations of MAP in ttee MC
result in effective transmission and consequent establishment of infection is Gdlee
latter may have been a result of a low within-herd burden of JD for some herdsl(herds
2, 6, 7, and 10) and therefore a reduction in overall risk of MAP infection. These factors,
in addition to the limited period of exposure to MC (calves were fed MC once or twice
within the first 24 hours after birth) and limited quantity of MC fed (2 or 4 L) heesan
these herds, it is more likely that calves in the MC group may not have been infected
despite possible exposure to MAP-containing raw MC.

Notwithstanding the aforementioned explanations, the variability and incongistenc
in the treatment response among herds should have been expected. In the opinion of the
authors, the variable responses to the treatment among herds suggested thetged ma
to include diverse herd populations in the study. If there truly were herd-level
circumstances that may have affected the efficacy of a CR product, thesaum¢ner
unable to identify in this study the factor or factors that may have predietes with a
positive beneficial effect or herds without any apparent beneficial effetiire studies
should investigate this issue. However, given the significant reduction iniamawter
resulting from stratification of the data by herd, results of this sedténalysis should
be interpreted with caution.

All 12 herds enrolled in the study were confirmed to be infected with MAP and
were medium (100 to 499 cows) to large500 cows) dairy herds. However, these herds
were not randomly selected from the entire population of dairy herds in Minnesota and
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Wisconsin. Study herds were representative of 52% and 54% of Minnesota and
Wisconsin dairy herds, respectively, as determined on the basis of heftiAszsuch,
caution must be used when extrapolating results to smaller (< 100 cows) ddgy he

The post hoc power analysis conducted for the study reported here revealed that a
sample of this size (n = 497 heifer calves [assuming calves were eventedio
between groups]) provided the current study with a statistical pp@@1% to enable the
rejection of the null hypothesis Rt< 0.05 if the reduction in the hazard of MAP
infection had been 51% (HR = 0.487) in the population of cows fed CR vs MC at birth
(instead of the 44% [HR = 0.558] hazard reduction estimated from the present data).
Although post hoc analysis is a less appealing method in comparison to methods that
estimate sample size and the associated statistical power a prioeiapinion of the
authors, this exercise may provide information for other investigators attertgpting
address a similar concern.

Despite the variable responses to feeding of CR among the herds, our findings
revealed that the average population estimate of the treatment efet AdAP
infection in this study nonetheless provided reasonable indications of the probable
benefits of CR feeding programs that may accrue in some herds. In the stutldrepor
here, the incidence of MAP infection was higher in calves fed MC at birth, compared
with the incidence in calves fed CR at birth. For all herds, it was estinfaieféding
CR instead of MC reduced the risk for MAP infection in calves by 44%. The most
plausible explanation for the protective effect of feeding CR at birth is thaRhe C
product did not contain infective MAP, whereas fresh bovine MC did serve as an
important source of transmission for MAP in Holstein calves, as suggested ntiem ea
study.>® Although the study reported here revealed that CR feeding programs may have a
role in JD control programs, the overall cost-benefit of adopting this management tool
has yet to be determined. Analyses are being conducted to evaluate thef éffeding
CR vs MC on survivorship in the herd, milk production, and reproductive performance,
as well as overall cost-benefit of adopting CR vs MC feeding programs.

Because the findings of this study suggested that feeding raw MC from herds
endemically infected with JD may represent a risk factor for MAP rinaasson, these
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results indicate the need to investigate other management strategestufong
transmission of MAP through maternal colostrum. First, it would seem sensiloleite a
producers to withhold feeding colostrum from MAP test-positive dams to heiterscal
Also, research is ongoing to evaluate whether on-farm heat treatment of W@ onele
an alternative method of controlling MAP transmission through colostrum. Laborator
studies*® *have determined that heat treatment of bovine colostrunf@tf6060
minutes is sufficient to eliminate MAP and other important pathogens in colostrum
without damaging important colostral immunoglobulins. Furthermore, a field study
“Yrevealed that calves fed heat-treated colostrufC(6& 60 minutes) had enhanced
passive transfer of IgG. Research is being conducted to investigate thestdong-
term impact of feeding heat-treated colostrum on health, productivity, &fdnislIAP
infection in adult dairy cows.

The study reported here revealed that feeding CR at birth (vs feedingCaat
birth) reduced the risk of MAP infection in Holstein calves in JD-endemic dardsh
Results of this study also suggested that feeding of raw bovine MC magemipaaisk

factor for MAP transmission in Holstein calves.
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Table 1. Descriptive statistics and results of logistic regression madjelsted for herd
effect to compare the absolute risk of developing MAP infection at various ages in 236
cows fed CR at birth and 261 cows fed raw bovine MC at birth.

CR MC
Variable No. No.
Positve %  posiive %  OR 95% ClI P valué
Test outcome at 30 months of age
ELISA 4 1.69 9 345 0540 0.160-1.823 0.321
Bacterial culture 8 3.40 13 498 0.581 0.222-1.520 0.269
Both diagnostic tests 8 3.40 13 498 0.581 0.222-1.520 0.269
Test outcome at 42 months of age
ELISA 3 1.27 4 153 0.735 0.122-4.436 0.737
Bacterial culture 6 2.54 6 2.30 1.066 0.336-3.389 0.913
Both diagnostic tests 6 2.54 7 268 0.941 0.316&2.8 0.915
Test outcome at 54 months of age
ELISA 2 0.84 3 1.15 0.438 0.084-2.277 0.326
Bacterial culture 3 1.27 10 3.83 0.317 0.086-1.174 0.085
Both diagnostic tests 4 1.69 11 421 0371 0.1151 0.097
Test outcome at all ages
ELISA 9 3.81 16 6.13 0.488 0.199-1.198 0.118
Bacterial culture 17 7.20 29 111 0538 0.2774.04 0.067
Both diagnostic tests 18 7.63 31 11.9 0.523 0.2023L 0.051

"The OR for CR vs MC was adjusted for herd as a random-effect varidhlaes were
considered significant &< 0.05*Cows were considered infected with MAP when they
had positive test results for either the serologic ELISA, bacterial ewfueces, or both
diagnostic tests.
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Table 2. Results of final Weibull models adjusted for random herd (herg-jraittect to
evaluate the risk of developing MAP infection in 261 cows fed MC at birth and 236 cows
fed CR at birth.

Test Treatment b SEpM HR 95% ClI P value
ELISA
CR —-0.746 0.428 0.474 0.205 -1.096 0.081
MC Referent — — — —
Bacterial culture
CR -0.558 0.314 0.572 0.309 -1.059 0.076
MC Referent — — — —
Both diagnostic tests
CR —0.582 0.305 0.559 0.307 -1.016 0.056
MC Referent — — — —

"Frailty variances were suggestive of true existence of within-herteghsg of data with
the following values for each model: ELISA outcome, 2% (0.001); bacterial culture
outcome, 1.54K < 0.001); and both tests outconfe<{0.001).

b= Coefficient— = Not applicable.

See Table 1 for remainder of key.
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Table 3. The number of cows enrolled per herd and number of cows with positive test
results for MAP in the CR and MC groups, respectively, and herd estimates tbioéffe
CR versus MC on the hazard of developing MAP infection on the basis of both

diagnostic test outcomes.

CR MC
MAP MAP
positive events positive events
No. of No. of
Herd  calves No. % calves  No. % HR 95% ClI P valud
enrolled enrolled
1 27 1 3.70 34 1 2.94 1.587 0.099-25.42 0.744
2 35 2 571 48 2 4.17 2.209 0.311-15.68 0.428
3 28 3 10.7 23 5 21.7 0.413 0.099-1.731 0.227
4 11 2 18.2 14 3 21.4 0.828 0.137-5.000 0.837
5 27 5 18.5 23 12 52.2 0.237 0.083-0.679 0.007
6 16 3 18.8 23 5 21.7 0.905 0.294-5.188 0.773
7 7 0 — 12 0 — — — —
8 35 2 571 32 2 6.25 1.045 0.147-7.421 0.965
9 8 0 — 6 0 — — — —
10 30 0 — 21 0 — — — —
11 9 0 — 8 0 — — — —
12 10 1 10 10 0 — — —

"Herds 7, 9, 10, 11, and 12 were confirmed to have cattle infected with MAP. Herds 7, 9,
10, and 11 had no cows with positive results when tested for MAP during the study;
therefore, effect of treatment could not be estimated for these herds. Herd 12 had 1 of 10
cows in the MC group with a positive results when tested for MAP during the study, but
0 of 10 cows in the CR group had a positive result when tested for MAP during the study;
therefore, effect of treatment could not be estimated for herd 12.

See Tables 2.1 and Table 2 for remainder of key.
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Figure 1. Distribution of estimated true MAP prevalence of 12 herds pattitg in a
study to evaluate the effect of feeding of CR versus MC to heifer calbagthabn
subsequent development of MAP infection.
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Chapter 3 : Effect of a plasma-derived colostrum replacement feeding
program on adult performance and longevity in Holst ein cows

Abstract

The objective of this study was to evaluate longevity, milk production, and
breeding performance in adult Holstein cows fed either a colostrum replagereuct
(CR) or raw bovine maternal colostrum (MC) within the first 1 h of birth.

A total of 497 Holstein heifer calves born in 12 commercial dairies located in
Minnesota and Wisconsin were separated from their dams within 30 to 60 minutes after
birth and systematically assigned to be fed either CR or MC. The calveshsa
observed from birth up to adulthood (approximately 54 months of age) during which time
mortality and culling events plus actual milk yield and breeding perfaxendata were
collected. Time-to- death, time-to-culling, time-to-death and/orrgylime-to-a first
calving event, and time-to-conception intervals were evaluated using proplortiona
hazards survival analysis models. Number of inseminations per conception ane lifetim
milk yield (up to 54 months of age) was evaluated using generalized linealsmode

Cows fed CR at birth were no different than cows fed MC with respect to overall
risk of death, culling, death and/or culling (from birth to 54 months of follow-up and
from first calving to 54 months of age, respectively), lifetime milk yietd] lareeding

performance.

Introduction

Failure of passive transfer, defined as calf serum IgG levels < 1@ ¢/to-2 d old
calves, has been shown to have detrimental effects on daily weight gain wiaesing
the risk of morbidity and mortality in calves during the preweaning perndd> Failure
of passive transfer has also been negatively associated with long-téormperce
including decreased milk yield and longevity in lactating adult cGRs>*Feeding an
adequate volume of clean, high quality maternal colostrum (MC) soon after birth is
necessary to reduce the incidence of FPT in calves>?
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Colostrum replacement products, derived from either bovine plasma (serum)
extracts or lacteal derivatives are formulated to provid@0 g of IgG/dose additional to
a variety of nutrients including vitamins, minerals, fats, lactose, and proteii® 1>
They are marketed as a convenient alternative to MC to be fed to calvesiiosg in
which quality- or -quantity (or both attributes) of MC are compromised for thelpes
prevention of FPT.

Studies reporting on the efficacy of various commercial CR products to prevent
FPT have shown mixed results. In a previous study, Swan and'tfiepmrted
observing a 93% FPT rate among calves fed one plasma-derived colostrare megit
product (CR) vs 28% in calves fed MC. Other studies, especially those feeding higher
masses of IgG in CR products have reported better efficacy at preventing ¥£°
Despite the high FPT risk in CR fed calves, Swan and otffeeported that preweaning
morbidity and mortality risk was not different between CR vs MC-fed calesting
those same calves in adulthood for infection witytobacterium avium subsp.
paratuberculosis (MAP) revealed that feeding CR (vs MC) after birth resulted in a 44%
reduction in risk of MAP infectiof>* Therefore additional to its potential role in
preventing FPT in calves in the short-term, CR products may be useful management
tools with the potential for assisting in preventing transmission of pathogensethat ar
potentially transmissible to calves through ingestion of MC, including MAR>> 1>

Ingestion of large volumeg @ L vs< 2 L) of high quality MC by calves has been
positively associated with increased milk yield and longevity in the adtéitiag
cows ! However, while CR feeding programs have the potential to prevent FPT and to
play a role in JD control programs, respectivVéfy:>*their effect on longevity (i.e. the
probability of not being removed from the herd for any reason including death, sale, or
culling up to a particular age), milk yield, and breeding performance in adutirigcta
cows had not previously been described.

The objective of the present study was to describe the effect of CR vs MC calf
feeding programs on subsequent survival in the herd (longevity), milk yield, and lgreedin

performance in the lactating adult cow during the first 54 months of life.
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Materials and Methods

Herd selection and description

Herds to be included in the present study were selected based on criteria described
in detail in previous report§* *>*Briefly, convenience samples of 12 commercial
Holstein herds were recruited to participate in the study, 9 of these weetllagtabuth-
eastern Minnesota while the remaining 3 herds were located in westem#@iscl he
size of participating herds ranged between 190 and 1,500 cows (median, 594 cows).
Fifty-two percent of Minnesota and 54% of Wisconsin dairy herds fall within these
categories on the basis of herd-size, respectiV®iean milk production (rolling herd
average) for each farm ranged between 9,773 and 13,636 kg/y (21,500 and 30,000 Ib/y),
with a median of 11,727 kgly (25,800 Ib/y). Bulk-tank somatic cell count ranged between
180,000 and 280,000 cells/mL (median, 240,000 cells/mL). Lactating cows were housed
in free stalls in all participating herds and all herds practiced synchdoaitigcial
insemination breeding programs.

All participating herds were infected with JD, with the burden of infection ngryi
among herds. The estimated MAP prevalence for each herd ranged betweenn@l43% a
64% (median, 8%)->* Of the 9 farms in Minnesota, 8 were participants in the Minnesota
Voluntary JD Control Program. Only 1 of the 3 farms enrolled from Wisconsin reported
participating in a similar voluntary JD control program.

Six of the 12 study farms routinely fed colostrum to calves through a bottle while
the remaining six herds fed colostrum to calves using a tube. Calves weleorasie
in six farms while the other six farms transported calves at 1-to-3 d old tsbd odi-
site at the facilities of a professional heifer grower.

Study design

A prospective clinical trial study was conducted to evaluate longevity, milk
production, and reproductive performance in heifer calves fed either raw MC (control
group, n = 261 calves) or CR (treatment group, n = 236 calves) product at birth. Heifer

calves born between July and October 2003 were enrolled in the study. Samples and data
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collection were completed in December 2007 when study animals were approxidatel
months of age.

Each enrolled heifer calf was separated from its dam within 30 to 60 minutes afte
birth and was not allowed the opportunity to suckle its dam. By use of a systematic
allocation procedure (ie, alternating such that a calf was assigned tawopeagd the
subsequent calf was assigned to the other group), calves were assigneatitcabeMC
(control group) or a single dose of E@eatment group). The MC fed to a calf originated
from its dam, although there were instances in which an insufficient quankt¢ efas
available from a dam, which necessitated that refrigerated coloswonother dams
was fed instead. The CR contained 125 g of IgG/dose and was mixed with 2 L of warm
water, as per manufacturer’s instructions, prior to feeding.

Calves in 11 of the 12 participating herds were fed 3.8 L of MC at the first feeding,
whereas calves in the other herd were fed 1.9 L of MC during the first feedings Ga
5 herds were routinely provided a single meal of MC followed by a commercial mil
replacer thereafter. In the other 7 herds, calves were routinely provided a seadnd m
consisting of 1.9 L of MC within 8 to 12 hours after the first colostral feeding. In those
herds, calves assigned to the treatment group were fed a second meahgaofsistl L
of a commercial milk replacer supplemented with a single dose of a coratiyerci
available colostrum supplemeanbduct® (CS) within 8 to 12 hours after the first CR
meal was fed. In contrast to CR, CS products are intended to provide < 100 g of IgG/dose
when fed to calves, and are not formulated to replace MC. The CS product used in this
study contained 45 g of IgG/dose, and both CR and CS products originated from the same
manufacturer.

Preweaning diets (up to 56 days of age) for all calves consisted of commalki

replacer and unrestricted amounts of water and calf starter pellets.

4 Secure®, American Protein Corp, Ames, IA
® Lifeline®, American Protein Corp, Ames, IA
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Records and samples

For each enrolled calf, farm staff recorded the identification of the dam,
identification of the calf, birth date, number of calves born (singletons or twyps)pof
colostrum fed (CR or MC), calving score, and interval from birth until feeding of
colostrum. lliness or death events were also monitored and recorded.

Paired 20 mL samples of MC fed to each calf in the MC group was collected into
sterile sample tubes that were subsequently labeled with the respeetitrication of
the calf and farm identification prior to freezing at 22@or subsequent analysis to
determine contamination with MAP. The intent was to establish whether calies we
exposed to MAP via MC.

The short-term objective of this study was to evaluate the effect of fe€&irvg
MC on serum IgG and total protein concentrations in young (1 to 8 d old) calves and
morbidity and mortality risk for calves between birth and weaning. Findingedattort-
term objective of this study have been reported elsewtére.

Calves were weaned at approximately 56 d of age, monitored until adulthood, and
tested for MAP infection at approximately 30, 42, and 54 months of age. The objective
was to estimate the relative riskMAP infection in calves fed plasma derived CR vs

MC. Findings for this objective have been reported elsewhére.

Data collection

Prior to weaning study calves, death events were manually recorded by the
producers and associated professional heifer grower as described pre\fddatg on
calves were not officially collected by the investigator between weanththarfirst
MAP testing event at 30 months of age. However, records of deaths, sale of animals, or
culling events during this period were accessed from records maintained mpaguak
producers. Despite this effort, some heifers were lost from the study duripgtiod.
These heifers were censored at the last known date present within the mritgwe
date). There were no losses to follow-up in the period between the first MAP testing

events (30 months of age) until conclusion of the study (54 months of age).
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For heifer calves that entered the milking herd (following a first calwegtg,
records of death, sale, or culling events were directly retrieved from tthe her
management computer softwéngrograms installed on each study farm.

Data on milk yield and breeding performance indices were retrieved fi@m t
Minnesota and Wisconsin DHIA on a trimonthly basis until the study was concluded at
54 months of follow-up.

Longevity indices
For the analysis of longevity, the outcomes (indices) of interest included death for
any reason, evaluated from birth up to 54 months of follow-up, and from date of first
calving up to 54 months of age for the subgroup of heifers that entered the milking her
respectively; culling for any reason, evaluated from birth up to 54 monthsa#{ap,
and from date of first calving up to 54 months of age for the subgroup of heifers that
entered the milking herd, respectively; and death and/or culling events outcome,
evaluated from birth up to 54 months of follow-up, and from date of first calving up to 54
months of age for the subgroup of heifers that entered the milking herd, respectively.
The time-to-death and time-to-culling event outcome variables for edeh ¢edf
enrolled in the study was calculated from her birth date, to the date of eittlendea
culling respectively, or when the study came to conclusion at 54 months of follow-up, at
which point all heifers that remained alive or had not yet been culled, wereextfreon
the analysis. For heifers that had a first calving event, time-to-deathrastbtculling
event outcomes were calculated from date of first calving to the daterodidlag¢h or
culling respectively, or when the study came to conclusion at 54 months of follow-up, at
which point all cows remaining in the study were censored. The combined tinheaitto-
and/or culling event outcomes were similarly calculated for each hefarker birth
date, to the date of death and/or culling, or when the study came to conclusion at 54
months of follow-up, at which point all heifers that remained alive and/or had not yet
been culled, were censored from the analysis. For heifers that had al¥irsg,c

combined time-to-death and/or culling event outcomes were calculated Hanesfer

¢ Dairy Comp 305°, Valley Agricultural Software, Tulare, CA
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from her first calving date, to the date of either death and/or culling, or whetuthe
was concluded at 54 months of age at which point all heifers that remained alive and/or

had not yet been culled, were censored from the analysis.

Analysis of longevity data

In this and subsequent analyses, summary statistics and multivariablesnatys
completed using standard statistical softw@te.all instances, statistical significance
was considered for values iBf< 0.05.

The proportion of animals experiencing death (yes/no), culling (yes/no), and
combined death and/or culling (yes/no) events outcome were calculated foragch g
(CR vs MC). Differences in the risk of death, culling, and combined death and/ogculli
events outcomes recorded from birth up to 54 months of follow-up between groups (CR
vs MC) were unconditionally tested using jfiestatitistic. Similar analysis was repeated
for all heifers that had a first calving event with the starting point foyaisdbeing the
date of first calving for each heifer with follow-up ending at 54 months of age When t
study was concluded.

Herd adjusted survival plots were produced to describe the distribution of time-to-
death and/or culling intervals since the date of birth for each calf and forshbidér
entered the milking herd, since the date of first calving.

Six separate proportional hazards motiélsere used to evaluate the effect of
feeding a CR (vs MC) on outcomes including time-to-death from birth up to 54 months
of follow-up, time-to-death from first calving up to 54 months of age, time-to-culling
from birth up to 54 months of follow-up, time-to-culling from first calving up to 54
months of age, time-to-death and/or culling events combined from birth up to 54 months
of follow-up, and time-to-death and/or culling events combined from first calving up t
54 months of age. Since cows in the same herd were more likely to be similar (va cows i
other herds) with respect to study outcomes, robust estimates of varfarere applied
to all models to adjust for the within-herd cluster effects. The proportionaidsazedel
assumptioft’ was evaluated in all 6 models by plotting a non-zero slope of scaled

¢ Stata® Corp, College Station, TX
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Schoenfeld residuals for the treatment group (CR vs MC) variable agaiasittinmk
associated with each model. A formal statistical test was performedcah wbin-
significant P > 0.05) findings indicated fulfillment of the proportional hazards
assumption. The goodness-of-fit of the final models was evaluated by geg@tats of
cumulative hazard functions against Cox-Snell residuals with a cumulativel hazar
approximating a 45line with a zero intercept, suggesting a good fit of the model to the

datal43’ 145, 159

Breeding performance indices

Description of the effect of treatment (CR vs MC) on breeding performaree wa
restricted to data recorded in the first and second lactation periods. Brpedimgnance
indices of interest included age at first calving, likelihood of first cgleivents (i.e.
birth-to-first calving interval), number of breedings per conception, and calwing-t
conception intervals for study cows that conceived.

Age at first calving (AFC) is the interval between birth and fresheningestefor
all heifers that had a first calving event. In this study, AFC was cstcltar all animals
from their date of birth to the recorded date at first calving. Records ofshtitg never
had a first calving event either due to death or removal from the herd (or any other
reason) were included in the analysis as censored observations for thaavaluat
likelihood (or risk) of a first calving event outcome.

Number of breedings per conception was considered for only cows confirmed
pregnant during the first and second lactation periods, respectively. Cows known to have
been bred but failed to conceive within a given lactation were excluded from this
analysis.

Calving-to-conception interval (i.e. days open) was calculated from titite first
and second calving events, to the date of the last insemination that resulted in a
conception for all cows during the first and second lactation periods. For cded aul
those that died, the observation time was calculated from their calving dates to the

reported date of death or removal from the herd. If such cows were not confirmed
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pregnant at the time of their culling or death, then their records were addsoirgg the

analysis since their calving-to-conception intervals remained undefined.

Analysis of breeding performance data

Proportion of heifers with a first calving event, mean AFC, mean number of
breedings, mean number of breedings per conception, and mean calving-to-conception
interval were summarized. Differences in the distribution of the precediraiphes
between treatment groups (CR vs MC) were unconditionally tested usirspfeatest
for categorical outcomes, Wilcoxon rank-sum (Mann-Whitney) test for contirarals
count outcomes with skewed distributions, &telsts for continuous outcomes with
normal distributions (i.e. AFC only), respectively.

A proportional hazards modEl’ was used to describe the effect of feeding CR (vs
MC) on AFC (i.e. risk/hazard of a first freshening event). Adjustment for herck ef
evaluation of the proportional hazards assumption, and test for model fit were completed
using the approaches described in the previous se&emifalysis for longevity data).

Effect of treatment (CR vs MC) on first and second lactation number of breedings
per conception was evaluated using two separate generalized linear modeier ldf
breedings per conception was assumed to follow a Poisson distribution. Effect of
treatment (CR vs MC) on number of breedings per conception was described using the
logit link function. Robust estimates of variance were applied to both models tofadjust
the cluster effects of herd.

Herd adjusted survival plots were produced to describe the distribution of calving-
to-conception intervals between groups (CR vs MC) while considering eensagnts
for cows that failed to conceive. Effect of feeding CR (vs MC) on first and second
lactation calving-to-conception intervals were evaluated using two $epaogortional
hazards modefS’ Adjustment for herd effect, evaluation of the proportional hazards
assumption, and test for model fit were completed using methods described in the

previous sectionJee analysis of longevity data).
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Milk yield index

Actual milk produced per lactation (i.e. first and second lactations, respegtively
and lifetime milk yield (up to 54 months of age) were the outcomes of interest.odat
lactation length (days) for each cow in the study was retrieved. Fortbatvdied or
were culled before completing a particular lactation or being drigdnadrall milk yield
reported up to the last day prior to death or culling in that lactation was codsidere

Analysis of milk yield data

Differences in unconditional (crude) means between CR (vs MC) groupsstor fir
and second lactation, and overall lifetime (up to 54 months of follow-up) milk yields
were tested using two-sameests (assuming equal variance for the means).

Three separate generalized linear models were used to describethefdieding
CR (vs MC) on first-and-second lactations, and on overall lifetime milk yiieldup to
54 months of follow-up) respectively. Frequency distribution plots (Figure not shown)
indicated that the milk yield outcomes (first-and-second lactations pltiskfenilk
yields, respectively) followed a normal (Gaussian) distribution patteeatfient (CR vs
MC) was assumed to affect milk yields linearly. An identity link function wasefore
used to describe the relationship between feeding CR (vs MC) on milk yielgehmabnt
variables forced into each model included treatment (CR vs MC), calving seastar,(w
January to March; spring, April to June; summer, July to September; and falbeOtd
December), AFC (0 = AF€ 24 months and 1 = AFC > 24 months), and lactation length
(days). Robust estimates of variance were applied to all models to adjtn& fathin
herd cluster effect§ **°Except for the group (CR vs MC) and lactation length
variables, all other variables that did not satisfy a WaldResd.05 cut-point were

dropped from the final models.

Results
Four hundred and ninety-seven Holstein heifer calves born between July and

October 2003 were enrolled in the study, 261 of these received MC, and 236 received
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CR. One hundred and ninety-eight of the 261 (76%) heifers enrolled in the MC group had
a first calving event vs 165 of the 236 (70%) heifers in the CR group.

The imbalance in number of calves enrolled between the MC vs CR groups was
attributed to the fact that early during the study, personnel on some parigigaiiies
who were working weekend shifts only fed MC to newborn calves. It is unlikely fhat th
error introduced a bias in the study findings.

Number of heifers lost to follow-up monitoring between weaning and the first
MAP testing event (30 months of age) was twice as high in the CR group (12 of 236 or
5.1%) vs the MC group (6 of 261 or 2.3%), although these values did not differ
significantly ¢ = 3.33;P = 0.07). Cumulative incidence for losses during the follow-up
period was 20 of 497 (4.0%). By assuming that the calves lost to follow-up monitoring
were censored from the study at weaning, potential bias attributable to @ flolésv-
up, which would have disproportionately affected the CR group, may have been avoided
in this analysis.

Descriptive summary for longevity outcomes

The proportion of cows that experienced death, culling, and death and/or culling
events from birth to 54 months of follow-up monitoring, and from date of first calving up
to study conclusion at 54 months of age respectively, are presented(Table 4).

From birth up to 54 months of follow-up, 113 of 497 (23%) calves died in total,
with 55 of 261 (21%) belonging in the MC group vs 58 of 236 (25%) in the CR group.
Similarly, the cumulative proportion of animals culled for any reason betwebrabuol
54 months of follow-up monitoring was 149 of 497 (30%), with 81 of 261 (31%) in the
MC group vs 68 of 236 (29%) in the CR group. Death and/or culling events between
birth and 54 months of follow-up monitoring were recorded in 262 of 497 (53%) animals
in total, with 136 of 261 (52%) in the MC group vs 126 of 236 (54%) in the CR group.
No significant differences in unconditional risks of death, culling, death and/orgeull
were observed between groups (CR vs MC) over this period (Table 4).

From point of first calving up to 54 months of age, the cumulative number of death
events was 30 of 363 (8%), with 15 of 198 ( 8%) occurring in the MC group vs 15 of 165
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(9%) occurring in the CR group. Similarly, the cumulative proportion of animalsiculle
for any reason between first calving and 54 months of age was 118 of 363 (33%), with 64
of 198 (32%) in the MC group vs 54 of 165 (33%) in the CR group. Death and/or culling
events between first calving and 54 months of age were recorded in 148 of 363 (41%)
animals overall, with 79 of 198 (40%) in the MC group vs 69 of 165 (42%) in the CR
group. Similarly, no significant differences in unconditional risks of death, culliregh de
and/or culling were observed between groups (CR vs MC) over this period (Table 4).
Survival plots describing the distribution of time-to-death and/or culling intervals
between treatment groups (CR vs MC) from the point of birth (i.e. birth date) and firs
calving (i.e. for heifers that had a first calving event) respectivedypi@sented (Figure
3). No difference in the length of the time-to-death and/or culling intervals &etwe

groups (CR vs MC) was observed during both periods.

Multivariable models analysis for longevity outcomes
Results from the proportional hazards models for the effect of feeding CR (vs MC)
on time-to-death, time-to-culling, time-to-death and/or culling eveais birth up to 54
months of follow-up monitoring, and from the first calving date up to 54 months of age is
presented (Table 5). In all cases, statistical testing indicated no ewisieggesting
violation of the Cox proportional hazards assumption. Similarly, examination of the
shapes of the plots of the cumulative hazard function vs Cox-Snell residual sdgbest
the final Cox models provided relatively good fits for the data (Figures not shown)
Hazard ratio (HR) comparing death events in the CR (vs MC) groups from birth up
to 54 months of follow-up monitoring was 1.22 (95% CI = 0.92, 1762.17).
Similarly, HR comparing culling events in the CR (vs MC) group from birth up to 54
months of follow-up monitoring was 1.01(95% CI = 0.63, 1B4;0.95). For death
and/or culling events, HR comparing CR (vs MC) group was 1.1 (95% CI= 0.77P1.58;
= 0.61) from birth up to 54 months of follow-up monitoring (Table 5).
Considering only animals that had a first calving event reported, HR estonate f
the risk of death in the CR (vs MC) groups was 1.22 (95% CI = 0.72,R:90,46)
from the point of first calving up to 54 months of age. For the culling events outcome,
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HR for the risk of culling in the CR (vs MC) group from point of first calving up to 54
months of age was 1.01 (95% CI = 0.62, 1B4;0.98). For death and/or culling event
outcome risk, HR estimate comparing CR (vs MC) groups was 1.05 (95% CI = 0.67,
1.64;P = 0.85) from the point of first calving up to 54 months of age (Table 5).

Descriptive summary for breeding performance outcomes

One hundred and ninety-eight of the 261 (76%) heifers enrolled in the MC group
had a first calving event vs 165 of the 236 (70%) heifers in the CR group. This difference
in percent of first calving events was not statistically significaabld 6).

Unconditional (crude) means for number of breedings, number of breedings per
conception, calving-to-conception intervals (first and second lactation), aad AF
between CR (vs MC) groups were not significantly different (Table 6).

Survival plots describing the distribution of calving-to-conception intervals
between treatment groups (CR vs MC) in the first and second lactation amet@des
(Figure 4). No difference in the length of the calving-to-conception intervaklet

groups (CR vs MC) was observed in both first and second lactation periods, respectively

Multivariable models analysis for breeding performance outcomes

Feeding CR (vs MC) had no significant effect on AFC (i.e. risk of a fitginga
event,P = 0.34), number of breedings per conception in the frst (.83) and secondP(
= 0.32) lactations respectively, and calving-to-conception intervals (or pregriak) in
the first @ = 0.7) and secondP(= 0.21) lactations, respectively (Table 6).

Descriptive summary for milk yield outcomes

Crude means for milk yield (kg) in first and second lactation periods resggct
and lifetime milk yield up to 54 months of follow-up were not significantly differe
between CR (vs MC) groups(Table 6).
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Multivariable models analysis for milk yield outcomes

Generalized linear modeling indicated that feeding CR (vs MC) signifycantl
decreased first lactation milk yield by 429 k=< 0.02). In the second lactation, feeding
CR (vs MC) increased milk yield by 452 kg but this effect was not signifi€ant0(18).
However, lifetime milk yield (i.e. up to 54 months of age in this study) of study cows
were not significantly different between groups (CR vs MC) (Table 7).

Discussion

The main strength of this study was its original design (i.e. prospecteatli
trial) which made it possible to potentially infer a cause-and-effettarship between
type of colostrum fed (CR or MC) at birth and future milk yield, breeding perficeya
and longevity in the herd, thus providing producers with the needed evidence to compare
future productivity for calves enrolled into one of the two colostrum feeding programs

As previously reported?? cows fed CR (vs MC) at birth had experienced a
significantly higher risk of FPT during calfhood. As such, the cows fed CR in thenpres
study were expected to perform worse than cows fed MC at birth with regpiéetime
milk yield, breeding performance and longevity outcomes respectivelgctasihg adult
cows. The rationale being that the high incidence of FPT events experiencdddsy c
fed CR could possibly have compromised future performance of heifers in the CR group
once they became lactating cows. The latter was premised upon evidencarfiem e
studies indicating that heifer calves that experienced FPT events foRfeadf raw MC
at birth) were more likely to produce less milk as lactating adults compatedalves
that had satisfactory passive transfer of maternal IgG (or were4ddof raw MC at
birth), and that longevity was compromised in calves experiencing FPT evefad {dt
L of raw MC at birth) compared with calves that attained satisfacenunslgG mass (or
were fed> 4 L of raw MC at birth) through ingestion of colostrdh.'®*

However despite the significant increase in risk of FPT experienced tsyfedw
CR during calfhood, there was no significant difference between these graups (C
MC) with respect to overall risk of removal from the herd (i.e. longevity) and breeding
performance outcomes, respectively. Cows fed CR at birth produced signifiesstly |
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actual milk in the first lactation than cows fed MC at birth. This observation was in
agreement with findings from earlier studies indicating that calves tpatierced a FPT
event (vs calves that did not) or consumed less colostui (vs> 4 L; assuming an
inverse relationship between volume of intake and risk of FPT) at birth were kedye li
to produce less actual milk and had a decreased mature equivalent milk-andafat duri
the first lactation period, respectively™ ***However, the effect of feeding CR (vs MC)
on second lactation and overall lifetime milk yield were not significantfgréint. This
observation contradicted reports of an earlier study indicating that catiegifL. of
colostrum produced significantly more milk than calvesf&lL of colostrum(assuming
an inverse relationship between volume of intake and risk of FPT) in the secondractati
period.'*!

Since the incidence of subclinical MAP (JD) infection was significantly migree
7.6% in CR vs 12% in MC groups) in heifer calves fed MC at bitffan obvious
guestion centers around whether the negative relationship observed in other studies

162, 163 and

between subclinical JD infection and overall milk yi&ld? **€ulling risks,
breeding performandé ***possibly neutralized the detrimental effects of FPT on the
latter outcomes in the CR group, resulting in the failure to observe a significant
difference in performance between calves fed CR (vs MC) in the present Bhisl
hypothesis requires further investigation.

Alternatively, the failure to observe an effect of feeding CR (vs MC) in trsz=pre
study might have resulted from the fact that there really is little tofhence of either
the CR or MC feeding programs on longevity, breeding performance, and overall milk
yield respectively, although perhaps other management factors unrelateddd type
colostrum fed to calves present in study herds may have played a moreaigndfie(s)
in influencing performance outcomes, effectively overshadowing anst efféeeding
CR (vs MC), if present. In a recent Swedish study, Hultgren and Svensson repdrted tha
certain heifer rearing conditions including crowded (> 7 calves) housingoe? 3nonth
old calves in slatted pens (vs litter pens) were negatively associatednitin ¢
productive life (i.e. increased risk of removal from the herd after firstrglvof
Swedish dairy breed$>® However all heifers in the present study were subjected to
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similar husbandry conditions including housing throughout the study duration making
influence on their future performance by such management practicesikdlstcttor.
Moreover possible unmeasured variations in management practices between herds were
adjusted for in the statistical models using robust variance estirtfgté¥: 160 166

Though the mechanism(s) by which colostrum intake might influence future
lactation performance is not currently understood, it seems reasonable to tugjgest
feeding MC (or CR) might influence longevity, milk yield, and breeding performagc
ensuring adequate transfer of passive immunity in calves upon ingestion follpwed b
reduction in the risk of neonatal calfhood disease incidence in heifer calves and optimum
daily weight gains during the early pre-and post-weaning periods. However, previous
observational studies have mostly revealed conflicting findings for therehip
between passive immunity or calfhood disease incidences and subsequent longkvity, m
yield, and breeding performance of dairy heifer calves upon becomingrigcaitilt
cows. For example no significant association was observed between calfhoodtsnorbidi
and first lactation milk yield or long-term survival after calving ifvea born on 25 New
York Holstein farms?’ **8Conversely, calves diagnosed with a respiratory syndrome
were significantly less likely to have a first calving event (i.e. teding into a 3-to-6
month increase in AFC) and often required assistance at calving compdrdubralit
mates that did not experience respiratory syndrdfiiéstin two separate studies,
adequate passive transfer of immunity (or ingestidg. vs< 2 L of high quality MC by
calves) was not significantly associated with AFC; although high levelswhdgG or
ingesting> 4 L (vs< 2 L) of high quality MC by calves were significant predictors for
actual milk yield, and mature equivalent milk-and-fat during the firsatexct period,
respectively’®! ®1|n these same studies it was revealed:2t.5% of calves that
experienced a high degree of FPT (FPT = serumdd@ mg/ mL within 24 h of birth in
this study) died or were culled for low productiSfwhile calves ingesting 2 L (vs> 4
L) of MC were more likely to be culled for low milk production or poor udder helth.
However, while significant differences in risk of FPT between CR (vs M&)ay were
present, the cows in this study did not experience significant differencahoax
morbidity risks between groups (CR vs MEY.making it impossible to verify any
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possible role preweaning calfhood morbidity events may have played with respect
influencing future performance of study cows. Contrary to expectations, teasedn
risk of FPT experienced by cows fed €&during calfhood had no detrimental effect on
overall risk of removal from the herd (i.e. longevity), overall milk yield, anddinge
performance outcomes respectively.

Therefore in the face of conflicting findings such as the preceding ones, rasxers
advised to be cautious while interpreting results of the present study giviaokoé
corroborative data, since no studies had previously attempted to address similangjuest
using the study design employed here. Perhaps the response could be differtalyf la
derived (vs plasma-derived) colostrum replacement products were fed in comparison t
raw MC. It is also possible that the effect of feeding CR (vs MC) on survival, progluct
and reproductive efficiency could be different under herd management systienenti
from those of the herds in the present study. Further investigations are needed with
regards to these questions.

Finally, while feeding adequate high quality colostrum remains a key eldare
neonatal calf health and future productiviy: 1*> *** **feeding raw MC from cows of
unknown( or known) JD status or cows in JD endemic herds is also a significant risk
factor for transmission of MAP in young calvBs®® 1% 1*¥Therefore, feeding CR
instead of MC may be one management tool to be used for decreasing the risk of MAP
infection in heifer calves at birth as previously demonstrataahile maintaining
optimum productivity in the lactating adult cow. One advantage with feeding a CR
product is that it allows the flexibility for potentially increasing the In&ss fed (to
approx> 200 g/dose) to significantly reduce the high incidence of FPT that was observed
with feeding CR in the present study cohat$.'**> *®owever, an obvious limitation to
increasing the mass of IgG fed in CR products would be the increased cost to the
producer. The long-term benefits and economic cost-benefit of this practicesemuir

formal evaluation.
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Conclusions

The study reported here revealed that there was no difference in thi risle ot
death, culling, milk production, and reproductive performance between calves fgd CR
MC) at birth despite the high FPT rates observed in the CR group.
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Table 4. Unconditional comparison of number of calves fed CR vs MC at birth with
respect to risk of death, and culling at various stages during the follow-up period up to 54
months of age.

Variable CR MC P value
No. No.
of events % of events %
Birth to 54 months of follow-up
Number of calves enrolled 236 47 261 53 —
Death events
Birth to first calving period 42 18 40 15 0.46
First lactation 7 3 6 2 0.64
Second lactation 8 3 7 3 0.65
Birth to 54 months 58 25 55 21 0.35
Culling events
Birth to first calving period 14 6 17 7 0.79
First lactation 18 8 25 10 0.44
Second lactation 23 10 30 11 0.53
Birth to 54 months 68 29 81 31 0.59
Death and/or culling events
Birth to first calving period 56 24 57 22 0.62
First lactation 25 11 31 12 0.65
Second lactation 31 13 37 14 0.74
Birth to 54 months 126 53 136 52 0.78
First calving to 54 months of age
Number of heifers that calved 165 70 198 76 —
Death events
First lactation 7 4 6 3 0.54
Second lactation 7 4 7 4 0.73
First calving to 54 months 15 9 15 8 0.60
Culling events
First lactation 18 11 25 13 0.61
Second lactation 23 14 30 15 0.75
First calving to 54 months 54 33 64 32 0.94
Death and/or culling events
First lactation 25 15 31 16 0.89
Second lactation 30 18 37 19 0.90
First calving to 54 months 69 42 79 40 0.71

"Values were considered significant K 0.05
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Table 5. Final proportional hazards models evaluating time-to-removal iehetd for
any reason between cows fed CR vs MC at birth, from birth and from date of first

calving up to 54 months of age respectively.

Outcome variable b S.E. HR' 95% ClI P valu€
Birth to54 months of follow-up
Death events 0.2 0.14 1.22 0.92-1.62 0.17
Culling events 0.01 0.25 1.01 0.63-1.64 0.95
Death and/or culling events 0.09 0.18 1.1 0.77-1.58 0.61
First calving to 54 months of age
Death events 0.2 0.27 1.22 0.72-2.04 0.46
Culling events 0.01 0.25 1.01 0.62-1.64 0.98
Death and/or culling events 0.04 0.23 1.05 0.641.6 0.85

b = Coefficient.” Standard errors are adjusted for herd effect (clustetifige HR for

CR vs MC' Values were considered significant 2k 0.05.
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Table 6. Unconditional comparison of milk yield and breeding performance indices
between cows fed CR vs MC at birth.

Variable Group P valud
CR MC
Number of calves enrolled, n (%) 236 (47) 261(53) —
No. of first calving events, n (%) 165 (70) 198(76) 0.14"
AFC (months), Mean £ SD (n) 24.3 +1.85 (165) 244,99 (198) 0.47
No. of breedings .
1% lactation, Mean  SD (n) 2.84 £ 2.29 (154) 3 #32(887) 0.73%
2" lactation, Mean + SD (n) 2.61 + 2.1 (124) 2.82.17 (154) 0.33*
No. of breedings per conception .
1% lactation, Mean + SD (n) 2.74 +2.2(141) 2.72Q74) 0.62:c
2" lactation, Mean + SD (n) 2.36 + 1.69 (110) 2.58.83 (128) 0.45*
Calving-to-conception interval (d) .
1% lactation, Mean # SD (n) 139 + 89 (141) 138 + 1034) 0.68"
2" lactation, Mean + SD (n) 118 + 62 (110) 121 H688) 0.98*
Milk yield (kg) 7
1% lactation, Mean + SD (n) 11,889 + 4,601 (147) 32,2 4,109 (181) 0.4§
2" lactation, Mean + SD (n) 11,972 + 4,698 (127) 451+ 4,587 (162)  0.34
Lifetime, Mean + SD (n) 22,681 + 10,166 (159) 224% 9,469 (195) 0.8

T a9 gee Table 4 and 3.2 for key. P value based off- test.* P values based

Wilcoxon-rank sum test P values based on Studétests.
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Table 7. Final models evaluating breeding performance and milk yield indicegssf
fed CR vs MC at birth.

Variable b SE. 95%CI P value
Likelihood of a first calving event 0.11 0.12 -Dib 0.34 0.34
Number of breedings per concepfion
First lactation 0.02 0.09 -0.151t00.18 0.83
Second lactation -0.07 0.07 —-0.22 to 0.07 0.32
Calving-to-conception interval (d)
First lactation -0.05 0.12 -0.291t0 0.2 0.7
Second lactation 0.16 0.13 -0.09t0 0.4 0.21
Milk yield (kg)™
First lactation —429 178 —777 to —80 0.02
Second lactation 452 334 —203 to 1106 0.18
Lifetime up to 54 months of age =360 529 —139676 6 0.5

b = Coefficient. Standard errors are adjusted for herd effect (clustetiBes Table 4

and 3.2 for keﬁ.GeneraIized linear model with a logit link function and a possion

outcome family distribution'* Generalized linear model with an identity link function

and a Gaussian outcome family distribution. Calving season and AFC were dropped from
these models for failure to satisfy a Wald-fest 0.05. Lactation length remained a
significant P < 0.001) predictor of average milk yield in all models after adjusting for the

group variable (CR vs MC).
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Figure 3. Herd adjusted survival plots for the analysis of time-to-death andilog c
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lines) or MC (dotted lines) at birth.
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Chapter 4 : Experimental validation of a nested PCR targeting the genetic
element ISMAPO2 for detection of MAP in bovine colo  strum

Abstract

Colostrum samples experimentally inoculated with MAP (strain K-10)ca¢asing
concentrations between 1X¥1and 1x 18cells/mL were tested for recovery of MAP
DNA using a modified nested ISMAR target PCR initially developed for detecting
MAP DNA in fecal samples.

The following detection limits were achieved for sample replicatesiiated with
unsonicated MAP pure stock: 100% between 1 %ah@ 1x18 cells/mL, 75% between 1
x10°and 1x16 cells/mL, and 50% between 1¥a@d 1x16cells/mL replicates,
respectively. Detection limits achieved for the colostrum sample regdigabculated
with sonicated MAP cells suspension were: 75% for 1°8élls/mL, 100% between 1 x
10’and 1x 18 cells/mL, 75% for 1x1Dcells/mL, 0 for 1 x1Bcells/mL, and 25%
between 1 x 1%&nd 1x18 cells/mL, respectively. When the known negative colostrum
samples were tested, 16/18 (89%) samples were correctly detectedtaerieg®MAP
DNA using the current assay.

In conclusion, the analytic sensitivity of the present assay improvadngiteasing
concentration of MAP in the colostrum sample replicates but specificity was
compromised possibly due to contamination during sample preparations. Overall the
findings presented here suggest that the nested PCR protocol evaluated in tmgastudy
useful for the detection of the presence of MAP DNA in experimentallyteddmvine

colostrum.

Introduction

Mycobacterium avium subsp paratuberculosis infection is characterized by chronic
enteritis, progressive diarrhea, weight loss, and eventual d&&th'"?In cattle, the
disease is called paratuberculosis or JD. Susceptibility to infectibM#P is thought
to be greatest in calves with most infections occurring within the first monthtiof38if®

While the most common source of MAP is known to be feces from infected adult cattle

66



24,3031 33 \\ith most transmissions occurring via the fecal-oral réaté’ 3% 3+ 3L 3pmAp

has also been detected in milk and colostrum collected from cows subcliméatied
with JD** 3> 13sggesting that raw colostrum and waste milk might be one of the earliest
sources of MAP by which calves become infected.

While several factors are known to hinder efforts to control and ultimately
eliminate JD from MAP infected herds, including the long incubation period of the
disease in cattlé® ®’the situation is compounded by limited availability of diagnostic
assays with sufficient sensitivity to detect MAP infected cattlly @athe course of the
disease?™3 76 78.83. 108118y ,0r the past two decades there has been considerable
development of new diagnostic tests and refinement of previously existing ones to
improve the ability to detect MAP infectiofi$The current commercially available
diagnostic tests have been developed and occasionally field tested for direct i@ad indi
detection of MAP in serum, milk, and fecal clinical specim&nd® " "®There is
however no validated diagnostic test to date for the direct or indirect detechAiRoin
colostrum clinical samples.

Although previous researchéefs**were able to cultivate MAP in milk and
colostrum collected from known JD infected cows, bacterial culture of MAP from
colostrum samples is considered a tedious and frustrating process with venct®ss
rates due to lack of a suitable sample decontamination protocol (Judith R IS&ID€],
USDA-ARS, 2008personal communication). Because of the preceding limitation(s), the
bacterial culture of MAP from colostrum samples is not a frequent undertakoggac
diagnostic and research laboratories and the potential for bacterial oulihfd®
diagnostics has not been developed. However, the recent mapping of the complete MAP
gene sequenc® *have provided an alternative involving the possible use of unique
elements within the MAP genome for development of diagnostic assays. The geneti
elements IS908 #andISMAP02°% ** are considered specific to MAP and are
detectable in clinical specimens by PCR amplificatiof® " 8 “°Recently, Stabel and
Bannantiné* developed and validated a nested PCR method targeting the multiple copy

elements ISMAPG? °*for detection of MAP in fecal samples.
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In the present study, we report findings of a validation experiment for the
performance of a modified version of the nested ISMAP02 PCR developed by Stabel and
Bannantiné” for detecting MAP in colostrum samples. The objective was to estimate the
limits of detection and to determine the ability of the nested ISMAPO2 PCR tattprre
discriminate between known MAP infected and uninfected colostrum samples prior to a
future field sample based assay sensitivity and specificity egtimstudy.

Materials and Methods

Sample collection

The colostrum samples were collected from a single MAP negative codbin a
adult-cow Minnesota dairy herd with a level 4 herd status classification bfitimesota
Voluntary JD herd status program. Prior to collection of the colostrum samples, blood
and fecal samples were collected from the donor cow and tested to determine her tr
MAP infection status as follows: 10 mL of blood was drawn from the coccygesl vei
using a 20-gauge, 1-inch needle into a 16 X100-mm blood collectioft &umaktested for
MAP antibodies using a previously described serological methadditionally, 10 g of
feces were collected rectally using disposable plastic rectalieai@om gloves and tested
by a previously described conventional bacteriological fecal culture methodder M
cultivation, 38198

The colostrum sample was collected as follows: 6 h after calving, th&kireaf s
the donor cow was disinfected using 0.05% povidone iodine detergent, and swabbed with
70% ethyl alcohol-impregnated pledgets prior to actual collection of colostmnples.
The fore stripping colostrum was discarded, and 250 mL of colostrum was abllgcte
a sterile glass tube from all 4 quarters and stored at — 20 °C(— 4 °F). The colostrum
samples were then transported to the National Animal Disease Center-ARRBMK

Ames IA, for further processing and analysis.

2 BD Vacutainer® Blood Collection Tubes, Franklin Lakes, NJ
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Sample preparation

The ability of the nested ISMAPO2 PCR to correctly discriminate betweenrknow
MAP infected and uninfected colostrum samples was evaluated using a preusdeseti
of experimentally infected colostrum samples while uninfected colostruplesmere
used as controls.

The method for preparation of strain K-10 MAP pure cells suspensions used to
experimentally inoculate the colostrum samples in this study has been plsevious
described® 1"*Briefly, a pure culture of MAP was collected during the log growth phase
(Abss40nm= 0.2-0.4). The isolates were pelleted through centrifugation at 7,§00 x
washed with phosphate-buffered saline (PBS) (pH = 7.4) twice prior to resuspiending
PBS to a concentration of 1 x*d@lls/mL. Half of the preparation was sonicated
through short bursts at 35 W for between 10 and 15 sec to break up potentially clustered
bacterial particles. This was then followed by a 10-fold (1tda x 1§ cells/mL)
serial dilution of both sonicated and unsonicated stocks in PBS. One mL of colostrum
samples in quadruplicate were then inoculated with the inocula preparationisingnta
MAP in concentrations that ranged between 1 %at@l 1 x 18cells/mL of sample.

To ensure that the inocula contained viable MAP organisms, 1 mL of each
concentration (1 x 2o 1 x 1§ cells/mL) of the inocula was plated onto Herrold’s Egg
York Agar Slants containing Mycobactin J and antibiotics and tubes were loosely
capped and incubated in a horizontal position at 37°C for between 1-3 weeks at the
Minnesota Veterinary Diagnostic Laboratory. Total bacterial colony couerts read for
each dilution at approximately 16 weeks. For each dilution bacterial colonysceast
reported as colonies per tube (CPT)/mL of cell suspension (Table 8). Atiarddf 1 x
10" and 1 x 16cells/mL, the MAP concentration in the cell suspension was below the
limit of detection by the bacterial culture tests for cultivation of MARIsTvas probably
due to the fact that at these dilutions (1 Xd0d 1 x 16cells/mL), there were only 10

and 100 viable MAP organisms in the inocula, respectively.

b Tekmar, Cincinnati, OH
° HEYM-BBL; Becton-Dickinson, Franklin Lakes, NJ
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In total, 72 (4 samples per dilution level [1 10 1 x 18 cells/mL]) colostrum
samples were spiked witttrain K-10 cells suspension. The strain K-10 used to inoculate
36 colostrum samples were sonicated to reduce potential clumping of the balileria
the remaining 36 colostrum samples were spiked using the unsorstraied<-10 cells

suspension. A total of 18 colostrum samples were used as controls (i.e. no MAP added).

DNA extraction protocol

For extraction of MAP DNA, 1 mL of colostrum was added to a sterile eppendorf
tube. Tubes were centrifuged at 15,000 rpm for 5 min and the whey was discarded. To
each cell pellet, 1 mg of proteinasé as added and samples were vigorously vortexed
to resuspend the pellets. Samples were incubated overnight at 50°C in a shaking wat
bath. To each sample, 44 pL of TEN buffe(se.10 mM Tris-HCI, pH 8.0; 1 mM
EDTA, pH 8.0; 0.1 M NaCl) and 20 pL of 0.4 M NaOH were added and samples were
mixed by vortexing. Tubes were then placed in a boiling water bath for 30 min. Afte
cooling, samples were extracted with an equal volume of phenol, chloroform, and
isoamyl alcohol (25:24:1) and vortexed, followed by immediate centrifugation at 10,000
rpm for 5 min. The aqueous layer was transferred to a new tube and the DNA pegtipitat
by adding 2.2 volumes of cold 100% ethanol and 0.1 volumes of 3 M sodium acetate (pH
5.2). Samples were mixed gently by inversion and then placed in a -20°C freezer for 1 h.
The tubes were centrifuged at 15,000 rpm for 15 min followed by decantation of the
supernatants. DNA pellets were air-dried for 2 to 5 min and then pellets were
resuspended in 20 pL of sterile water. The DNA was either used immediatedyenr at

-20°C to be analyzed later.

The PCR process
Specific primers for the ISMAP02 element were selected for useastad PCR

format for amplification of DNA isolated from the colostrum samples. The prime

4 Qiagen, Valencia, CA
¢ Sigma Chemical Co
" Amresco, Solon, OH
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sequences for the initial amplification included 5-GCACGGTTTTTCGGATARAG-

3” (forward primer) and 5’-TCAACTGCGTCACGGTGTCCTG-3” (revergrimer). In

the first round, PCR was run using a conventional thermal cycléie reaction mixture
consisted of ultrapure distilled water (DNase and RNase free), GeneAmpCRX P
buffer II, 2.5 mM MgC}, 0.25 mM deoxynucleoside triphosphates, 0.3 uM primers, and
2 U AmpliTag Gold. Negative controls consisted of the reaction mixture alone and the
nonspiked colostrum sample collected from the cow previously confirmed to be MAP
negative on both the serum ELISA and bacterial fecal culture tests for MABctiesly.
The positive controls consisted of genomic DNA from MAP (strain K-10 isolates) and
the colostrum samples spiked with the same MAP strain. Five uL of DNA was adlded f
each sample and samples were run in triplicate in 96-well plates accturdirey

following protocol: 1 cycle at 94°C for 5 min, followed by 20 cycles at 94°C for 45 s,
58°C for 1 min, and 72°C for 2 min, and a final extension cycle at 72°C for 7 min.

The second amplification was performed using real-time P@Rd included a
FAM-labeled probe specific for the ISMAPO2 target sequence for the semitgtiamt
evaluation of the test samples. Primers nested within the first set included 5'-
GCACGGTTTTTCGGATAACGAG-3’ (forward primer) and 5’-
AACCGACGCCGCCAATACG-3" (reverse primer) for this second ammdificn. One
puL of DNA from the first amplification was added to a reaction mixture stingiof
Tagman Universal PCR Masternijultrapure distilled water (DNase and RNase free),
0.05 uM primers, and 0.05 uM of the FAM-labeled probe, 5'-/56-
FAM/CAACCCGCACGCTG/3BHQ-1/-3'. A standard was constructed by agiptf
the ISMAPO2 target from MAP strain K-10 genomic DNA and cloned into the TOPO
expression vectdrfollowed by transformation if. coli. The insert was analyzed for
accuracy following plasmid digestion with EcoRI and verification of size on a 4%
agarose gel. Further verification of the cloned insert was conducted by sequkacing

9 Peltier Thermal Cycler, MJ Research, Waltham, MA

h 7500 Real-time PCR System, Applied Biosystems, Foster City, CA

' TagMan® Universal PCR Master Mix, Applied Biosystems, Foster City, CA
!Invitrogen, Carlsbad, CA
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product using the Applied Biosystems 3100 DNA analyizdter labeling the product
with Big Dye v 3.1. Primers used for sequencing were M13F, 5’
CGTTGTAAAACGACGGCCAGT-3' (forward) and M13R, 5'-
CAGGAAACAGCTATGAC-3' (reverse). Optimal concentrations of the plakfor use
as a real-time PCR standard ranged from 1 ng to 100 attg. Real-time PCiRoosridit
the amplification of test samples and standards were 1 cycle at 50°C for 2 milg atcyc
95°C for 10 min, 40 cycles at 95°C for 25 sec and 60°C for 1 min.

Data analysis

Proportion of samples detected at each dilution (1alD x1F cells/mL) was
summarized and the assay limits of detection (analytic sensitiveng astimated. In
general the proportions of known MAP infected colostrum samples, correcttyetbses
positive by the assay was calculated. Similarly, the proportion of control esimol
MAP) correctly detected as negative was also summarized. The 95% coafidenc
intervals (95% CI) for the estimated proportions were calculated usimdpsthstatistical

software’

Results

The estimated limitsf detection or analytic sensitivity for MAP (strain K-10)
DNA are presented (Table 9). For the colostrum samples inoculated with ungbnicate
strain K-10 cell suspensions, the following detection limits were achievedthsing
current protocol: 100% between 1 x’ #hd 1x168 cells/mL, 75% between 1 x3dnd
1x1@ cells/mL, and 50% between 1Xa6d 1x16cells/mL replicates, respectively. For
the colostrum samples inoculated with sonicated strain K-10 cell suspensions, the
following detection limits were achieved using the present protocol: 75% for’1 x10
cells/mL, 100% between 1 x %hd 1x 18 cells/mL, 75% for 1x1Dcells/mL, O for 1
x10* cells/mL, and 25% between 1 x'afd 1x16 cells/mL replicates, respectively.

k3100 Genetic Analyzer, Applied Biosystems, Foster City, CA
' Stata® Corp., College Station, TX
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The overall proportion of known infected colostrum samples (replicates) based on
the unsonicated strain K-10 cell suspensions as the inocula correctly detectetivas posi
for MAP DNA by the current assay was 28/36 or 78% (95% ClI, 61 to 90%). However,
when the colostrum samples inoculated with sonicated strain K-10 were evaluated, the
proportion of colostrum samples (replicates) correctly detected as positivVdP DNA
was 19/36 or 53% (95% Cl, 35% to 70%) (Table M)cobacterium avium subsp.
paratuberculosis DNA was correctly detected in 78% (28/36) of colostrum sample
replicates inoculated with unnsonicated strain K-10 cell suspension compared with 53%
(19/36) of the colostrum sample replicates inoculated with sonicated stddrc&l
suspension stock. The proportion of control samples (no MAP) correctly detected as
negative for MAP DNA using the current protocol was 16/18 or 89% (95% CI, 65% to
99%).

Discussion

The objective of this study was to perform a validation experiment toastiime
analytical sensitivity of a modified nested PCR prot&8tébr detecting MAP (strain K-
10) in raw colostrum. Findings of the current study indicated that under laboratory
conditions, this nested PCR protocol had an analytical sensitivity for detectiRgtihdé
ranged between 1x3nd 1x18 cells/mL in spiked colostrum samples although the
analytical sensitivity was compromised at lower concentrations of the inoceluomly
one-quarter (25%) and one-half (50%) of the colostrum samples containing between
1x10'and 1x16cells/mL of sonicated and unsonicated strain K-10 suspensions were
correctly identified as positive for MAP DNA using the present protocd€ra).

The proportion of control samples (no MAP) correctly identified as negative for
MAP DNA using the present protocol was 89% (95% CI, 65% to 99%). This finding was
contrary to expectations. Stabel and Bannafitiiael previously evaluated the specificity
of ISMAPO2element by analyzing the DNA extracted from otlgrcobacterial species
(e.g.M. avium subspavium, M. phlel, M. smegmatis) and found that only MAP DNA
was detectable by PCR using the ISMAPO2 primers(i.e. 100% specificitygpfdtesthe
apparent false positive test outcomes observed from the known negative colostrum
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samples in the present study might have resulted from laboratory contaminatiétPby
during the sample preparation process. It is also possible that samplaication by

17and present on the teat sKimay have

MAP picked up from the farm environméefit
occurred during the time of colostrum harvest. However, this source of coniamisat
unlikely since the single colostrum donor cow was negative for MAP as degef oy
the bacterial fecal culture and serological ELISA tests for MAP, réspBc
Additionally, the farm on which the sampled cow was raised was known to be fiBe of
with a level 4 herd status classification of the Minnesota Voluntary JD héund sta
program. Moreover steps were taken to prevent bacterial contamination ofuralostr
through proper prepping of the udders of the donor cow prior to harvest, and storage of
the colostrum in a sanitized sample bottle. These explanations notwithstanshog)ld
however be noted that while the nested aspect of this assay was designedve impr
sensitivity, improvement of sensitivity comes at a price in that thechesisign detracts
from specificity and increases the likelihood of contamination. It is therefo
recommended in practice that a good idea for the present assay withivotta¢diey
would be to run positive and negative controls through the entire process (including the
DNA extraction process) to rule out potential contamination. In the present study
negative controls consisting of the reaction mixture alone and the nonspiked colostrum
samples (no MAP) and positive controls consisting of genomic DNA fronm $¢rai0
MAP isolates and the colostrum samples spiked with the same MAP strain (K+&0) we
run as control (positive and negative) to monitor the possibility of contamination.

Though not particularly significant for the present study, sonication through short
bursts at 35 W for between 10 and 15 sec to break up potentially clustered MAP cells
appeared to compromise analytical sensitivity of the current assay. Thigatizsewas
contrary to initial expectation since sonication has been shown previously to improve the
efficiency of PCR detection of Gram-positive bacteria DNA under labgratmditions
by causing disruption of the cellular walls and subsequent release of DRAtudy by
Schleig and othet§ demonstrated that sonication of MAP for 2 min at 100 W did not
affect viability of MAP and allowed for maximum CFU counts on HEYM. Though it is
unclear why in the present study, sonication compromised analytical sensititrie
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assay, a possible reason might be that the individual free MAP cells (cefebeaing
sonication of the pure stock) got trapped and were subsequently lost in the discarded
whey following centrifugation. Another possible reason is that the compromisgti@anal
sensitivity might have resulted from the undesirable partial or complgtadigion of

the released MAP DNA in some samples following sonication. In a stutig efffiect
sonication for the release of DNA froBacillus cereus (model organism for Gram
positive bacteria), Fykse and oth&fsfound that prolonged sonication (for up to 5 min)
of cell suspensions resulted in degradation of their DNA. The latter is howeJeiynli
to have occurred in the present study since the sonication for the strain Kai® vead
undertaken for only 15 s at 35 W for the purpose of breaking up potentially clustered
MAP in the pure stock.

Lastly, while the advantage of the present study lay in its laboratorytedtr
nature, a major limitation was the fact that the MAP (strain K-10) aspension
concentrations (1x @o 1x1@ cells/mL) used to spike the colostrum samples prior to
analysis, and the frequency of detection at the different concentrationrt@galsnot
necessarily mimic the levels of MAP shed naturally in colostrum. Thoughotiahe
efficacy of this test based on field colostrum samples is currently lackarg,is being
undertaken to determine the diagnostic sensitivity of this test on colostrumesampl

obtained from Minnesota dairy herds naturally infected with JD.

Conclusions

The present findings suggest a potential role of the PCR assay forraghéat
in colostrum. Though data on the efficacy of this test based on field colostrum samples i
lacking, work is currently underway to determine the diagnostic sensiivitys test on
colostrum samples collected from herds naturally infected with JD. As sualddp&on
of this test for use in routine screening of field colostrum for MAP should not be under

taken pending the formal field validation outcomes.
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Table 8. The colony counts associated with MAP concentration for each dilution of the

cell suspension used to inoculate colostrum samples.

Mycobacterium avium subspparatuberculosis strain K-10 cell

preparation
MAP concentration in cell Sonicated MAP cell suspension Unsonicated MAP cell suspension

suspension counts counts

(cells/mL) (CPT/mL)* (CPT/mLY
1x10° Negative Negative
1x1G° Negative Negative
1x10 1-10 1-10
1x1d 1-10 10-50
1x10 10-50 10-50
1x10 > 100 > 100
1x10 > 100 > 100
1x10 > 100 > 100
1x10 > 100 > 100

SAt a dilution of 1 x 16and 1 x 18cells/mL, the MAP concentration in the cell
suspension was below the limit of detection of the bacterial culture testdtfeatton of
MAP. *CPT/mL based on the MVDL count system.
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Table 9. The limits of detection at each concentration of incocula for the detection of
Mycobacterium avium subsp paratuberculosis in colostrum using the nested PCR of the

target gene ISMAPO2.

Mycobacterium avium subspparatubercul osis strain K-10 stock preparation

Sonicated MAP cell suspension Unsonicated MAPstedpension
Concentration No. of No. of
of MAP incell samples test samples test
suspension  positive/total 95% Cl, positive/total 95% Cl,
(cells/mL) no. tested % positive % positive no. tested % positive % positive
1x10 Ya 25 0.63-80.6 2/4 50 6.8-93.2
1x 10 Ya 25 0.63-80.6 2/4 50 6.8-93.2
1x10 Ya 25 0.63-80.6 Y 75 19.4-99
1x 10 0/4 0 0 Y 75 19.4-99
1x10 214 50 6.8-93.2 Y 75 19.4-99
1x10 Ya 75 19.4-99 Ya 75 19.4-99
1x 10 4/4 100 40-100 4/4 100 40-100
1x 10 4/4 100 40-100 4/4 100 40-100
1x 10 Y 75 19.4-99 4/4 100 40-100
Controlsamples 2/18 11 1.4-35 2/18 11 1.4-35

(no MAP

3The proportion of control samples (no MAP) correctly detected as negative for MAP
DNA by the current assay was 16/18 or 89%. The 11% positive control samples were
false positive results possibly due to laboratory contaminatiddAdy during sample

preparation.
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Table 10. The total number of known infected colostrum samples based on the sonicated
and unsonicated MAP strain K-10 cell suspensions as the inocula correctlgdie®ct
positive for MAP DNA using the a nested PCR of the target element ISMAPO2.

MAP cell No. of samples test

suspension used as  positive/total no. % positive 95% ClI, %
incocula tested positive
Sonicated 19/36 53 35-70
Unsonicated 28/36 78 61-70

The proportion of control samples (no MAP) correctly detected as negative for MAP
DNA by the current assay was 16/18 or 89%. The 11% positive control samples were
false positive results possibly due to laboratory contaminatiddAdy during sample
preparation.
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Chapter 5 : Lack of association between ingestion of Mycobacterium avium
subsp. paratuberculosis DNA positive raw colostrum and the risk of

infection in Holstein calves

Abstract

The objective of this study was to estimate the relative risk of MAPtiafem
Holstein calves associated with ingestion of MAP DNA positive (vs MAP DNAneg)
colostrum) within the first 1 h of birth.

Every calf born was separated from their dam within 30 to 60 minutes of birth and
fed raw colostrum originating from their respective dams although in instarare the
dam’s colostrum was insufficient in quantity, refrigerated colostrumatetiefrom other
donors was fed instead. For each calf, samples of the colostrum fed was collected and
tested for presence of MAP DNA using a nested PCR of the target gene (2MHAR
calves were classified into exposed and unexpoatatjories if fed colostrum that tested
positive and negative for MAP DNA, respectively. Each calf was followed totehalt
and tested for MAP infection at 30, 42, and 54 months of age using a serum ELISA and
bacterial fecal culture tests, respectively. The relative risk of M#dtion in exposed
(vs unexposed) calves was described using the Cox proportional hazards models.

Risk of MAP infection was not different between group (exposed vs unexposed)
when the serum ELISA (Hazard ratio = 0.P4; 0.65), bacterial fecal culture (Hazard
ratio = 0.92P = 0.85) or both diagnostic tests (i.e. after invoking a parallel test
interpretation criteria) (Hazard ratio = 0.8 0.65) were used to define MAP infection
status of the study cohorts respectively, suggesting the lack of an asldetiMAP

infection associated with ingesting raw MAP DNA positive colostrum blgtidin calves.

Introduction

Paratuberculosis (JD) is a chronic enteritis of cattle attributabidection with
MAP. The disease is important to the United States dairy industry because of the
economic losses attributable to its high national prevalence (estimat&®8%t in 2007).
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18.99n cattle, susceptibility to MAP infection is thought to be greatest in calitei the
first 6 months following birtf®?*and feces of infected adult cattle is thought to be the
most important source of MAP' 331 33yith transmission occurring mainly vertically
(dam-to-calf) through the fecal-oral roufe 3% 3% 31,3137

Though early and adequate intake of colostrum is considered the single most
important factor for preventing FPT(defined here as a calf serum \gG<del0 g /L
between 24 and 48 h after birth), a condition that is thought to compromise neonatal calf
health, and overall survival of calves in a héré *tesearchers have confirmed
presence of MAP in colostrum collected from cows that are subclinicédigted with
MAP>* suggesting that feeding raw bovine colostrum might be one of the earliest
vehicles by which calves may become exposed to MAP.

Recognizing the potential role that colostrum feeding programs mightrplag i
transmission of JD in dairy herds, current JD control programs recommendjfeedin
colostrum from MAP negative donors, pasteurized colostrum, or alternativdigdee
commercially available colostrum replacement prodticgs; 3> 37141 15§espite the cost
burden to producers associated with testing cows or heifers to determinetdiés? s
purchase plus operational costs of an on-farm pasteurizer unit, or purchase of the
colostrum replacement products.

While a number of studies have reported a positive association between feeding
colostrum and risk of MAP infection at the animal and herd l1€9et¥respectively,
there is very limited evidendd* to date to suggest that actual feeding of colostrum
positive for MAP at birth results in MAP transmission, and subsequent patent JD
infection in calves. Similarly, the mechanism(s) by which MAP iseted in colostrum
remains poorly understood. A strict intracellular pathogen, MAP has an afinity
infecting bovine macrophage€® They are also known to posses the ability to survive
inside macrophages for long periods of time with no detrimental effects on thetyiabili
of their cellular hosts-"’ Considering the fact that macrophages constitute the dominant
somatic cell type detected in secretions from uninfected mammary glandg the dry

8,179

and periparturient period: respectively, it is possible that in JD infected cows,
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freely circulating MAP infected macrophages end up in the mammargglaith

colostrum being the final deposition site. It is therefore possible that cabrdd ingest
macrophages that have been infected and contain MAP resulting in patent MAiBnnfec
when fed such colostrum. Alternatively, MAP found in colostrum could result from fecal
contamination (e.g. MAP infective feces present on teats) during the hateoesge,

and/or feeding processes, respectivély.

The objective of the present study was to estimate the relative risk of MAP
infection in calves that ingested MAP DNA positive colostrum compared witescthat
ingested MAP DNA negative raw colostrum after birth. The null hypothesedtasthis
study was that calves ingesting MAP positive raw colostrum at birth &tevo greater

risk of MAP infection compared with calves fed MAP negative raw colostrum

Materials and Methods

The current study was part of a larger study, approved by the InstitutionahlAnim
Care and Use Committee of the University of Minnesota (protocol No. 0704A06362),
originally designed to compare FPT rates, preweaning health, and risk ofrie&Ran
in calves fed raw bovine colostrum vs a commercially available colostplatesment
product at birtH*? ***Detailed colostrum feeding protocols and study design of the
original study has been previously descridéd**The sample of interest for evaluating
the current objective was the subgroup of heifer calves fed raw colostri@6() at
birth.

Herd selection and description

Herds to be included in the present study were selected based on criteria described
in detail elsewheré?* **Briefly, convenience samples of 12 commercial Holstein herds
were recruited to participate in the study, 9 of these were located in sstglnea
Minnesota while the remaining 3 herds were located in western Wisconsin. The size of
participating herds ranged between 190 and 1,500 cows (median, 594 cows). Fifty-two

percent of Minnesota and 54% of Wisconsin dairy herds fall within these categorie
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the basis of herd-size, respectiv&ly Mean milk production (rolling herd average) for
each farm ranged between 9,773 and 13,636 kg/y (21,500 and 30,000 Ib/y), with a
median of 11,727 kgly (25,800 Ib/y). Bulk-tank somatic cell count ranged between
180,000 and 280,000 cells/mL (median, 240,000 cells/mL).

All participating herds were infected with JD, with the burden of infection ngryi
among herds. The estimated MAP prevalence for each herd ranged betweenn@l43% a
64% (median, 8%)->* Of the 9 farms in Minnesota, 8 were participants in the Minnesota
Voluntary JD Control Program. Only 1 of the 3 farms enrolled from Wisconsin reported
participating in a similar voluntary JD control program.

Six of the 12 study farms routinely fed colostrum to calves through a bottle while
the remaining six herds fed colostrum to calves using a tube. Calves weleorasie
in six farms while the other six farms transported calves at 1-to-3 d old tcsbd cdi-

site at the facilities of a professional heifer grower.

Study design

An observational prospective cohort study was conducted to estimate the relative
risk of subclinical JD infection in calves fed colostrum positive for MAP DNA (i.e.
exposed group) compared with calves fed colostrum negative for MAP DNA (i.e.
unexposed group) at birth. Heifer calves born between July and October 2003 were
enrolled in the study. Samples and data collection were completed in December 2007.

In the original study*** ***the heifer calves in the colostrum subgroup @61)
were separated from their dams within 30 to 60 minutes after birth and were denied the
opportunity to suckle their respective dams. Each calf was then fed colostgimatong
from their respective dams, although there were instances in which an iesaffici
guantity of colostrum was available from a dam, which necessitated thgerafed
colostrum from other dams was fed instead.

The colostrum feeding programs were variable between study herds with tespec

the quantity fed and frequency of feeding.
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Calves in 11 of the 12 participating herds were fed 3.8 L of MC at the first feeding,
whereas calves in the other herd were fed 1.9 L of MC during the first feedings Ga
5 herds were routinely provided a single meal of MC followed by a commerckal mil
replacer thereafter. In the other 7 herds, calves were routinely provided a sezdnd m
consisting of 1.9 L of MC within 8 to 12 hours after the first colostral feeding.
Preweaning diets (up to 56 days of age) for all calves consisted of commalki

replacer and unrestricted amounts of water and calf starter pellets.

Preweaning sample and data collection

For each enrolled calf, calf managers recorded the identification of the dam
identification of the calf, birth date, number of calves born (singletons or twalgng
score, and interval from birth until feeding of colostrum.

Paired 20 mL samples of the colostrum fed to each calf at the first feedsng wa
collected into sterile sample tubes that were subsequently labeled witbghetnee
identification of the calf and farm identification prior to freezing at>€2Q- 4°F) for
subsequent analysis to determine contamination with MAP. The intent was to lstablis
whether calves were exposed to MAP through ingestion of raw colsotrum. The colsotrum
samples were shipped to the National Animal Disease Center, USDA-ARSeis, An

for further processing and analysis.

Post weaning samples and data collection

Calves were weaned at approximately 56 days of age and monitored until
adulthood. Calves were tested for MAP infection at approximately 30, 42, and 54 months
of age. Data on calves were not officially collected by the investigaétwgeen weaning
and the first testing event at 30 months of age. However, records of deaths, sale of
animals, or culling events during this period were retrieved from comnigravalilable
dairy management softwér@astalled in participating farms. Alternately, some of the

death and culling events were accessed from records maintained manulaéy by

2 Dairy Comp 305°, Valley Agricultural Software, Tulare, CA
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producers. Despite this effort, some heifers were lost from the study duripgtiod.
These heifers were censored at the last known date present within the daaroh@gw
date). There were no losses to follow-up in the period between the first testing @@ent
months of age) until conclusion of the study (54 months of age). Prior to the start of
testing of the adult study cows for MAP infection, producers completed a questonna
describing details of their routine JD management programs. Details of time réDt
management programs for the present study herds have been described elS&where.
During each sampling event at approximately 30, 42, and 54 months of age, 10 mL
of blood was collected from the coccygeal vein of each cow by use of a 20-gauge, 1-inch
needle into a 16 X 100-mm blood collection tube. Approximately 10 g of feces was
collected manually from the rectum of each cow by use of a disposable plastic
examination sleeve and stored in sterile plastic sample containers prior teshiprthe
Minnesota Veterinary Diagnostic Laboratory located at the Universityirmh@dota,
College of Veterinary Medicine for processing and testing.

PCR analysis for detection of MAP DNA in colostrum

Mycobacterium avium subsp paratuberculosis DNA was extracted from colostrum
samples using a previously described metf#d.

The first round of PCR was run using a conventional thermal cjcamples
were run in triplicate in 96-well plates according to the following protocolycleat
94°C for 5 min, followed by 20 cycles at 94°C for 45 s, 58°C for 1 min, and 72°C for 2
min, and a final extension cycle at 72°C for 7 min. The primer sequences for the initial
amplification were 5-GCACGGTTTTTCGGA TAACGAG-3” (forward ipmer) and 5'-
TCAACTGCGTCACGGTGTCCTG-3” (reverse primer).

The second amplification was performed using real-time PERmers nested
within the first set were 5’-GCACGGTTTTTCGGATAACGAG-3’ (foexd primer) and
5-AACCGACGCCGCCAATACG-3” (reverse primer) for this second aifigation.

® Peltier Thermal Cycler, MJ Research, Waltham, MA
¢ 7500 Real-time PCR System, Applied Biosystems, Foster City, CA
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Negative and positive controls consisted of the reaction mixture alone, and
genomic DNA from either strain 19698 or K-10 isolates MAP, respectively.

Serum ELISA for MAP antibodies

Serum derived from blood samples was tested for antibodies against MAP by use
of a commercially available serologic ELISA test%®eropositive results for MAP were
indicated by use of an optical density value. For each sample, values for MBd&t erst
were reported as a sample-to-positive ratio(S/P). Samples with an0SIB were
classified as having negative results, whereas those with an(52B were classified as
having positive results for MAP antibodies. In a validation stefdsensitivity of this test
varied from 15.5% to 88.1%, depending on the clinical stage and amount of MAP fecal

shedding of each infected cow.

Bacterial culture for MAP in fecal samples

The method for the cultivation of MAP in feces used in the present study has been
described in detail previous? 1°Briefly, sediments derived from the fecal samples
were plated onto Herrold’s Egg York Agar Slaht®ntaining Mycobactin J and
antibiotics (0.1 ml of 50 mg amphotericin B) and incubated at 37°C for between 1 to 3
weeks. At approximately 6 weeks post inoculation, the agar slants werenegdangekly
for growth of MAP. Based on total colony counts per g of fecal sample tesalisre
were reported as negative (0 colonies/tube) or positive-low shedder (1 to 10
colonies/tube); positive-moderate shedder (10 to 50 colonies/tube); positive-hdglershe

(51 to 100 colonies/tube); and positive-very high shedder (> 100 colonies/tube).

Disease outcome definitions
The primary outcome for this study was subclinical MAP infection indicated by a

positive test result on the serologic ELISA test or bacterial culturéotelIAP in feces.

d HerdChek®, IDEXX Laboratories, Inc, One IDEXX Drive, Westbrook, ME
¢ HEYM-BBL, Becton-Dickinson, Franklin Lakes, NJ
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A third outcome variable was derived by applying a parallel diagnostic tegtretiation
criterion to both test outcomes (i.e. cows were considered infected with MAP gyen t
had positive test results for either the serologic ELISA, bacterial ewfueces, or both

diagnostic tests).

Statistical analysis

Proportion of cows with positive test results for MAP at each sampling event
(approximately 30, 42, and 54 months of age) and the cumulative proportion positive for
MAP (all months combined) was calculated. Differences in the proportion of cows
positive for MAP between exposed and unexposed groups were unconditionally tested

using the simplg?- statistic.

Multivariable survival analysis

Prior to fitting the final survival models, months of observation was calculated
from the time of enroliment (calf birth date) to the sampling date when sh@disitive
test result for MAP was established or when the study concluded at approxibdatel
months of follow-up monitoring, at which time all surviving cows were censored. Cows
that died or were culled for any reason during the 54-month follow-up period were
censored at the date of their death or culling. Cows lost during the follow-up mmagitori
period between weaning and the first testing event (approximately 30 months of age)
were assumed to have exited the study at weaning and were therefore censotbd f
analysis at date of weaning (approximately 56 days after birth).

Proportional hazards modéf€ were used to evaluate the association between
feeding MAP DNA positive colostrum (vs MAP DNA negative colostrum) ane-tioa
positive MAP diagnosis (positive serum ELISA, bacterial fecal cultureé sarum
ELISA and/or fecal culture, respectively). Since cows in the same legadmore likely
to be similar (vs cows in other herds) with respect to exposure risks and study @tcome
robust estimates of variant&were applied to all models to adjust for the within herd

cluster effects.
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The proportional hazards model assumpfibwas evaluated in all 3 models by
plotting a non-zero slope of scaled Schoenfeld residuals for the exposure groble varia
against time at risk calculated for each model. A formal statiséistinas performed in
which non-significant® > 0.05) findings indicated fulfillment of the proportional
hazards assumption. The goodness-of-fit of the final models was evaluateebstong
plots of cumulative hazard functions against Cox-Snell residuals with a curaulati
hazard approximating a 2bne with a zero intercept, suggesting a good fit of the model
to the datd?®> 14° 1%

All analyses were undertaken using standard statistical softasde two-sided

values ofP < 0.05 were considered statistically significant.

Results

Descriptive summary

A total of 261 heifer calves were fed raw colostrum within 1 hour of birth in the
original study** ***Sixty-nine of 205 (34%) calves were fed colostrum that tested
positive for MAP DNA (i.e. exposed) vs136 of 205 (66%) calves that were fed colostrum
that tested negative for MAP DNA (i.e. unexposed). The exposure category wa
undefined for 56 of 261 (21%) calves in the study because samples of colostrum fed to
these calves were unavailable for testing because the calf cactictadt collect the
samples at the time of enroliment. Records for these calves were thesafloided from
this analysis.

Incidence of MAP positive events detected at 30, 42, and 54 months of testing is
presented (Table 11). The cumulative proportion of cows with positive results ier MA
by use of the ELISA test was 14 of 205 (6.8%), with 10 of 136 (7%) in the unexposed
group vs 6 of 69 (5.8%) in the exposed group. Similarly, the cumulative proportion of
cows with positive results for MAP on the basis of results of bacterial cotdieees
was 24 of 205 (12%), with 16 of 136 (12%) in the unexposed group vs 8 of 69 (12%) in

the exposed group. When the positive outcomes for the serologic ELISA and bacterial

" stata® Corp, College Station, TX
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culture were combined via a parallel test interpretation criterion, the cuveulat

proportion of cows with positive test results for MAP was 26 of 205 (13%), with 16 of

136 (13%) in the unexposed group vs 8 of 69 (12%) in the exposed group. No significant
differences in unconditional MAP incidence were observed in the exposed (vs unexposed

groups; Table 11).

Multivariable survival models
The proportional hazards assumption for the survival models and the assumption of
independence between outcome events and censoring were fulfilled for all fitddels
the present data.
Feeding MAP DNA positive (vs MAP DNA negative) raw colostrum at birth did
not significantly increase the risk of MAP infection in cows as indicated bigltHeA (P
= 0.65), bacterial culturd®(= 0.85), and both diagnostic test(parallel interpretaton;
0.65) outcome models, respectively (Table 12).

Discussion

This is the first study undertaken to determine the direct link between raw
colostrum feeding programs and transmission of MAP in calves through the actual
ingestion of colostrum positive for MAP DNA (vs colostrum negative for MAP DBIA)
birth, and testing the exposed calves for subsequent subclinical JD infection @ver tim

Calves that ingested MAP DNA positive colostrum (i.e. exposed) in the present
study were expected to experience a higher risk of MAP infection than the urgéxpose
(i.e. MAP DNA negative colostrum) calves. The latter was premised on the
understanding that MAP DNA was a surrogate marker for vidigtmbacteria present in
the samples of colostrum fed, potentially resulting in MAP infection upon ingestion b
calves after birth.

There was however no significant differences in the risk of MAP infection in the

group of calves fed MAP DNA positive colostrum in comparison to calves fed MAP
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DNA negative colostrum at birth suggesting that there really is litttetadded risk of
MAP infection associated with ingesting MAP DNA positive colostrum byesal
Strengths of this study included its longitudinal cohort design while thievedia
large number of participating herds=% 12) ensured inclusion of diverse herd
populations. Participating herds were confirmed JD infected herds, providing the idea
herd (animal) populations needed for addressing the present study objective.
Despite the above study strengths, there were also a number of limitations that
needed to be considered while interpreting the results presented hersampes of
colostrum fed to the calves at the second feeding in 7 of the 12 herds that routinely
provided a second colostral meal, 8 to 12 h after the first meal, were not tested for
presence of MAP DNA yet the latter was potentially an additional and signifsource
of MAP for the calves in those herds. Secondly, the investigators were unatitm c
dam status for MAP infection (specifically MAP fecal shedding status) {mj or even
after the birth of each enrolled calf. Evidence for possible in utero MAP tisgiemhas
been previously reportéd®®with an estimated 9% of fetuses carried by subclinically
infected dams being infected by MAP at any one time through in utero exfbsure.
Johne’s disease infected dams are more likely to excrete MAP in coloktanrtheir
MAP negative herd mates as reported in an earlier stuttyis therefore possible that
some calves in the present study might have been infected congenitally amaungi t
ingestion of MAP DNA positive colostrum. Additionally, calves in this study born to
MAP positive dams may have had a disproportionately higher risk of ingesting MAP
positive colostrum than calves born to MAP negative dams. If present, the effeet of t
latter route of transmission and source of error would have been to bias the effect of
exposure (i.e. feeding MAP DNA positive colostrum) away from the null, effegtivel
overestimating the association between ingestion of MAP DNA positive aglosind
the risk of transmission of MAP in the calves studied. However, given the lack of
knowledge of dam MAP status, it was impossible to verify the role of other pbtentia
transmission routes, including in utero MAP transmission, which could have also been

associated with a MAP positive status of study cohorts.
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The nested PCR assay used to detect MAP in colostrum samples in the present
study was shown in a previous experimental validation sty have an analytic
sensitivity that improved with increasing concentration of MAP (range, 1008ebe 1
x 10’ and 1x18 cells/mL; 75%, between 1 x¥nd 1x16 cells/mL; and 50%, between
1x10'and 1x18cells/mL, respectively) in colostrum, and a specificity that approxinate
0.89 (or a false positive rate of approximately 0.11). Given the preceding expatime
evidence suggestive of an imperfect sensitivity and specificity of thedne€te assay, it
is likely that the MAP status of some colostrum samples tested in this stuely w
misclassified in both directions (i.e. due to either false positive and negaibve e
respectively or both). Effect of this error if present, would have been to effigatirive
the relative risk estimates towards the null.

Additionally, while a parallel test interpretation criterion was applieti¢o t
serological ELISA and bacterial culture tests, to improve MAP diagnestisitivity in
the present study, the serologic ELISA and bacterial fecal cultuseusst to determine
the MAP status of cows in this study are known to have limited and unreliablesgnsiti
during the early phase of MAP pathology in caftte® 1®As such, cows in this study
that were shedding below the limit of fecal cultural detection or were isuthdinical
phase of the disease might have been misclassified as being MAP negativisdi.e. fa
negative). The consequence of such misclassification of MAP infection stpteseit
would have been to underestimate the incidence of MAP infection resulting in a type-II
error while estimating the association of exposure (vs unexposed) and risk of MAP
infection in the present study cohorts.

Closely related to the preceding limitation is the fact that follow-up tmé@AP
diagnosis or censorship from the study was short relative to the long and variable
incubation period of MAP infection in some study cohorts (cows). In the present study,
cows were tested for MAP infection status for the last time at appreedintat months
of age. Infection with MAP in cattle is thought to follow a long course witt24 to72
month’s interval from infection (assuming infection occurs in calfhood) and onset of

active clinical disease. Therefore given the apparent short follow-up timoe pethe
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current study and the fact that overall 88% (179/205) of calves enrolled were densore
from the study, it is possible that several MAP infected calves left the Gedsored)
for reasons unrelated to their exposure status prior to being tested (betweandB0
months of age), or returning a positive MAP diagnosis (between 30 and 54 months of
follow-up). Moreover the diagnostic tests used for detecting MAP infectitimei study
cows are known to have unreliable sensitivities during the early phase of MAP
pathogenesis in cattfé.> °%®Consequently, the underlying risk of MAP infection in the
cohort of cows studied may have been underestimated. The latter if present, may have
resulted in a compromised statistical power to detect a significant JDffesledce
between the groups (i.e. exposed vs unexposed).

Notwithstanding the above limitations, findings of the present study suggest lack of
an added risk of MAP infection associated with ingesting MAP DNA positive tcoins
by calves. However, these findings are in stark contrast with resultvetserother
studies (albeit with study designs different from that employed in the cgtehf). For
example, a recent clinical trial for the efficacy of feeding a comm@léra@vailable
plasma-derived colostrum replacement (CR) product for the prevention of MAP
transmission in calves revealed that calves fed raw bovine colostrum collectetthéir
respective dams at birth were approximately twice as likely to beteéafdy MAP as
calves fed the CR product? Other studies have also identified certain colostrum
management and feeding practices as being significant risk factorg\@tifsinsmission
in JD endemic herds. For example in one such study, herds in which calves were fed
colostrum collected from known MAP infected cows were 87 times as likely to be
infected with MAP than herds in which such colostrum feeding practices wet@eot
norm!% Additionally, a Danish study revealed that calves fed colostrum collected from
multiple sources (or cows) were more likely to test positive for MAP in adulthood
compared to herd mates fed colostrum collected from their own @dman earlier
study, Streeter and others reported successfully cultivating MAP from cotostr
collected from cows subclinically infected with J®Collectively therefore, the

preceding study findings seem to provide evidence in support of colostrum as a possible
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early vehicle by which calves get exposed to MAP in JD endemic herds undersigering
potential role of colostrum feeding programs in the epidemiology of JD in daidg.h
Perhaps the lack of a statistically significant positive associatierebatingesting MAP
DNA positive colostrum and risk of MAP infection observed in the present study was due
to the fact that the difference in incidence of MAP infection (ELISA and/oebatt

culture test outcomes) in exposed (vs unexposed) groups was biologically negligibl
(difference< 1.6%) to be statistically significar®® € 0.05). Apost hoc power analysis
revealed that if the true population difference in incidence of MAP infeation i
unexposed (vs exposed) groups B0.6%, then the current sample size (exposed group,
n =69 vs. unexposed groupF 136) would have been sufficient to provide the present
study with a statistical power81% to allow for rejection of the stated null hypothesis at
a significance leveld) < 0.05, assuming the incidence of MAP infection in the
unexposed group was the same as that estimated from the current data.

However, given the conflicting findings (compared with findings from other
studies) and limitations of the present study, readers are advised to be cahii®us w
interpreting the current results. The potential role that other MAP trasismi
mechanisms (e.g. in-utero and/or fecal-oral transmission mechanismbaveaglayed
in the present study, given the study design, should not be underestimated. Findings of
the present study are inconclusive. As such, the present results should not be used as a
basis to discount the potential role that raw colostrum feeding programs naiglin fthe
transmission of MAP to susceptible calves given the evidence from other stutfie§®
which suggest that colostrum might be an early source for MAP in JD infected herds
Further research is warranted to establish whether the lack of a rdigtibesveen
ingesting MAP positive colostrum and risk of JD infection observed in the presdnt st
is real. Future studies attempting to address a similar question should detemmine da
status for MAP fecal shedding (infectiampriori with the intent of adjusting for this
factor (dam status for MAP) at either the study design phase or during ¢&heftim
analysis to avoid possible confounding bias due to in-utero transmission of WV2d?

any other possible transmission modes unrelated to ingesting MAP positivewolostr
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Conclusions

In the present study, the risk of JD infection in 205 Holstein calves fed raw
colostrum within the first 1 h of birth was reported. Heifer calves fed MAIR positive
colostrum were at no greater risk of MAP infection in comparison to heifer caldes f
MAP DNA negative colostrum. While it might be true that feeding MAP DNA pasit
colostrum does not necessarily result in added risk of JD infection in the recglied, c
the results of the current study contradict results from other studies. Givenitagons
and lack of corroborative data since no studies had previously attempted to address
similar questions using the study design employed in the present study, the’author
recommend treating the current results as hypothesis only generdtimgtinain
conclusive findings. Future studies that address among other factors thadimsit
discussed above are encouraged to determine whether the lack of associagen betw

feeding MAP positive colostrum and risk of JD infection is real.
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Table 11. Unconditional comparison of the number of MAP positive events observed in
Holstein cows attributable to ingestion of MAP DNA positive colostrum (exposed) vs
MAP DNA negative colostrum (unexposed) at birth.

Variable Unexposed Exposed P valué
No. positive % No. positive %
Test outcome at 30 months of age
ELISA 6 4 1 1.4 0.43
Bacterial culture 6 7 3 4 0.75
Both diagnostic tests 9 7 3 4 0.75
Test outcome at 42 months of age
ELISA 2 15 1 1.4 1.00
Bacterial culture 2 15 3 4 0.34
Both diagnostic tests 3 2.2 3 4 0.41
Test outcome at 54 months of age
ELISA 2 15 2 29 0.60
Bacterial culture 5 3.7 2 2.9 1.00
Both diagnostic tests 6 4 2 2.9 1.00
Test outcome at all age
ELISA 10 7 4 6 0.78
Bacterial culture 16 12 8 12 0.97
Both diagnostic tests 18 132 8 11.60.74

TP values were based on Fisher’s exact test with vali@e85 considered significarit.
Cows were considered infected with MAP when they had positive test resuhe f
serologic ELISA, bacterial fecal culture, or both tests (i.e. parallepirgtion
criterion). 3 P values were based on Peargbiest statistic with values 0.05 considered

significant.
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Table 12. Final proportional hazards models describing the association betwaéngnge
MAP DNA positive colostrum (vs MAP DNA negative colostrum) and time-to-MAP

positive diagnosis (hazard).

Test Group b S.E. Hazard ratio 95% ClI P valué
ELISA
Exposed -0.31 0.68 0.74 0.2-2.77 0.65
Unexposed — — Baseline — —

Bacterial culture

Exposed -0.09 045 0.92 0.38-222  0.85
Unexposed — — Baseline — —

Both diagnostic tests
Exposed -0.2 0.45 0.82 0.34-1.95 0.65
Unexposed _— — Baseline — —

b = Coefficient.— = Not applicable.Standard errors are adjusted for herd effect (i.e.

clustering). See Table 11 for remainder of Key.
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Chapter 6 : Mycobacterium avium subsp. paratuberculosis DNA detection in
colostrum and teat skin associated with Mycobacterial fecal excretion:

Implications for prevention of transmission in Hols tein calves

Abstract

The objective of this study was to describe the relationship between feddirghe
of Mycobacterium avium subsp paratuberculosis (MAP) around calving time and
detection of MAP in colostrum samples and on teat skin surfaces, respectively.

Fecal samples collected within 48 to 72 h prior to actual calving, colostrum
(composite sample from all 4 quarters of the udder) and teat swab samplgedolle
immediately after calving from 112 cows in 4 JD endemic herds, were tested for MA
using the conventional bacterial culture method (fecal samples) and a néRed P
targeting the genetic element ISMB®(colostrum and teat swabs samples). Logistic
regression modeling was used to evaluate the relationship between MABhedding
status (positive/negative) and MAP detection in colostrum samples or téet swa
Population attributable fractions (PAF) describing the proportion of colostrum dnd tea
swab samples positive for MAP attributable to fecal shedding status of the darsor ¢
were calculated from the odds ratios (OR) derived from the logistiesgign models.

The OR for detection of MAP in colostrum samples or teat swabs in fecal culture
positive (vs fecal culture negative) cows were 2.02 (95% CI: 1.32,B4@.001) and
1.87 (95% CI: 1.18, 2.9P, < 0.008), respectively. These findings suggested that in
practice, withholding colostrum collected from MAP fecal culture positive coight
reduce the risk of exposing calves to MAP through ingestion of colostrum by 18.2%
(PAF) and that limiting the chances of natural nursing by calves mighta¢aecisk of
exposing calves to MAP present on teats of MAP fecal shedding dams by agtebxim
19.5% (PAF). However, it was also found that while the latter interventiortgd mig
achieve some reduction in risk of exposure to MAP, they by no means eliminaskthe ri
of exposing calves to MAP through ingestion of MAP present in colostrum or on bovine
teats in JD endemic herds, given that a greater proportion of MAP detected in the
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colostrum samples and teat swabs had sources unrelated to the fecal shedding status of
the donors. These findings underscored the need for strict adherence to practices that
limit contact of calves with adult cows from the time of birth and to practices that
promote hygienic colostrum handling to avoid possible contamination during harvest,

storage or feeding.

Introduction

Paratuberculosis (JD) is an economically costly chronic and contagiousanfetti
cattle and other ruminants causedvbycobacterium avium subsp paratuberculosis
(MAP). 3337 93.930hne’s disease is endemic in the United States (US) with a reported
national prevalence 68 %® Infection with MAP is difficult to control because of lack
of an approved drug for treating the conditfétthe long incubation period of
infections? and lack of diagnostic tests with satisfactory sensitivity for earl\ctieteof
the infection in catt|g®>3 76 78.83.108-1105 g cantibility to MAP infection is thought to be
greatest in calves with most calves acquiring infectiosséamonths of agé® %> 3
Transmission occurs mainly via the fecal-oral rgat& 3 33 3Though the most
important source of MAP for within-herd transmission is considered to be feces
(manure) from infected adult cattf&, 3* 3! 3> “MAP has also been detected in
colostrum and milk collected from MAP fecal culture positive c8WE: ***Feeding raw
colostrum to calves might therefore be one of the earliest means by wivieh lsacome
exposed to MAP. In a recent study, calves fed raw bovine colostrum had a sidgificant
higher risk of infection with MAP vs calves fed a plasma-derived comnhead@strum
replacement product>® Similarly, in one Danish study, cows fed colostrum collected
from multiple cows or sources were more likely to test positive for MAP vs hdebma
fed colostrum collected from their own dams at bittAdditionally, herds in which
calves were fed colostrum collected from known MAP infected cows were 83 disne
likely to be infected with MAP as herds in which such colostrum feedingiqeactere

not the norm®
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The scientific literature relating fecal shedding of MAP to possibleacointation
of colostrum with MAP is scarce. In one Ohio study, colostrum samples edligom
36 subclinically infected cows that were shedding MAP in their fecesauditeed for
isolation of MAP® Overall, MAP was present in the colostrum samples of 22% (8 of 36)
of the MAP fecal culture positive cows. Thirty-one percent (11 of 36) of these wer
classified as heavy fecal shedders (> 3,000 colonies/tube) vs 70% (25 of 36) that were
classified as light fecal shedders (< 3,000 colonies /tube) of MAP. The colostrysiesam
collected from 36% (4 of 11) of the heavy shedders were positive for MAP vs 16% (4 of
25) of the colostrum samples collected from the light shedding cows. However, the
failure to utilize controls (i.e. cows negative for MAP on the bacterial tedalre test)
in this early study rendered it impossible to quantify the relationship betweeitiaepos
MAP fecal shedding status, and risk of recovering MAP in colostrum. Furthermore, to the
author’s knowledge, there is no evidence to date relating fecal shedding of MAP and
contamination of bovine teats and udders with feces, soils, and/or other environmental
contaminants containing MAP respectively, although fecal contaminationt curéaces
is thought to facilitate transmission of MAP in calves that might be pewhtibtsuckle
naturally.’”? In a recent observational study, the risk of MAP infection was twice as high
among calves that suckled their dams or were fostered by alien cows vs edlwabkf
replacer®

The objective of the present study was to describe the relationship between feca
shedding of MAP around calving time and detection of MAP in colostrum samples and
teat skin surfaces, respectively.

Materials and Methods

Herd selection
Cows in the present study were enrolled from a convenience sample of 4
commercial Holstein dairy herds located in southeast Minnesota. The origicial her
selection criteria have been described in detail elsewlféRriefly, requisites for herd
selection into the study included evidence for the endemic presence of JD irdtheadher
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use of group maternity pens. The evidence for presence of JD in the herds alas initi
ascertained based on a history of culling due to JD during the year prior to toé thtir
study and past serological test records for MAP, although herd screesting te
determine true herd infection status was later performed. The requiremetiliZorg
group maternity pens was due to the fact that short- and long-term goals of theesteidy
to evaluate the efficacy of single cow calving pens (vs group maternity penisg f
prevention of neonatal calf diseas&$and to evaluate the effect of single cow calving
pens (vs group maternity pens) for prevention of transmission of MAP in Holsteas cal
respectively. Additional criteria for herd selection included (1) routirtentefor milk
production through the Minnesota Dairy Herd Improvement Association (DHIA),(2)
willingness to comply with study protocols, and (3) proximityl60 km radius) to the
College of Veterinary Medicine, University of Minnesota.

Number of cows in participating herds ranged between 265 and 580 cows (median,
405 cows). In-terms of herd-size, 3.7% ant of Minnesota dairy herds had between
200 and 499, and 500 milking cows respectively, in 2004? Annual herd milk
production (i.e. rolling herd average) ranged between 9,752 and 13,607 kg/y (median,
10,381 kgly). Bulk-tank somatic cell counts ranged between 180,000 and 240,000
cells/mL (median, 230,000 cells/mL). Number of cows enrolled in the original study
ranged between 50 and 229 cows (median, 110 cows). The estimated within-herd
prevalence for MAP infection as determined through bacterial culturees fer MAP,
ranged between 4% and 14% (median, 8%) (Table 13).

Study design and animal selection

A cross sectional study was conducted to evaluate the objective of the present
study. The original study, of which the current study is part, was approved by the
Institutional Animal Use and Care Committee at the University of MinngBotdocol
Number 0406A1181).

Feces, colostrum, and teat swab samples were colleetedietails below) from all

cows 0 =499) in the 4 participating herds that calved between January and December,
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2005 for the recovery and detection of MAP, respectively. However, while altizalle
fecal samplesn(= 499) were tested for MAP (via fecal cultuses details below), not all
collected colostrum and teat swab samples were tested to confirm presktide for
budgetary reasons. As such, colostrum and teat swab samples tested for MAP were
selected from the stored samples collected during the enrollment perioshas foll

The colostrum and teat swab sample pairs collected from fecal culture positive
cows (i.en= 38 or 7.6% of 499 cows tested) were all tested for presence of MAP,
respectively. For each MAP positive cow in the study herds, approximately 2 MAIP fe
culture negative cows were randomly selected from the list of fecaleulégrative cows
in the same herd as a comparison group (i.e. controls). The colostrum and teat swab
samples collected from the controls (hes 74 or 15% of 499 cows tested) were all
tested for presence of MAP, respectively. Number of cows sampled per her range

between 7 and 83 cows (median, 11 cows) (Table 13).

Sample collection

For each cow that was about to calve, approximately 10 g of feces wasecbllect
manually by the herdsmen from the rectum using a disposable plastic examsahetive
within 48 to 72 h prior to actual calving. Fecal samples were stored in a stettiie plas
sample container and labeled with the respective cow identification priefrigeration
at< 8 °C (46 °F). Newborn calves were separated from their dams within 1 h of being
born prior to having the opportunity to nurse.

Sterile gauze swabs (impregnated with a solution of 4.5 g/L sodium chloride) were
prepared in advance of an impending teat swabbing exercise. Teat skin surfaees of
front and rear teats were swabbed using the sterile gauze preparatiotts ipeiog
washed by the herdsmen. The teat swabs were labeled with the respmative c
identification and placed in an opaque air tight plastic specimen tube containing 5SmL of
4.5 g/L sodium chloride solution and kept in storage at — 20 °C (- 4 °F). The teat surfaces
were then disinfected using 0.05% povidone iodine commercial teat dip and cleansed

with 70% ethyl alcohol-impregnated pledgets prior to collection of colostrurpleam
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The fore stripping colostrum was discarded, and composite colostrum (50 mL) sample
were collected into a sterile plastic tube from all 4 quarters of the udoeledawith the
respective cow identification, and stored at — 20 °C (- 4 °F).

For the collection of colostrum samples and obtaining the teat swabs, latex gloves
were worn and fresh pairs of gloves were used each time a new cow wasisaftiple
samples (fecal samples, colostrum samples, and teat swabs) were picked up on a
biweekly farm visiting schedule by the investigator and transported on ice to the
University of Minnesota. Fecal samples were tested for MAP at the Mirnéstdrinary
Diagnostic Laboratory (MVDL). Colostrum and teat swab samples were shipplee
National Animal Disease Center, USDA-ARS in Ames, |IA for further ggemg and

analysis.

Cultivation of MAP from fecal samples

The method for the cultivation of MAP in feces used in the present study has been
described in detail previousi? 1°®Briefly, sediments derived from the fecal samples
were plated onto Herrold’s Egg York Agar Slaht®ntaining Mycobactin J and
antibiotics (0.1 ml of 50 mg amphotericin B) and incubated at 37°C for between 1 to 3
weeks. At approximately 6 weeks post inoculation, the agar slants werenegangekly
for growth of MAP. Based on total colony counts per g of fecal sample testals res
were reported as negative (0 colonies/tube) or positive-low shedder (1 to 10
colonies/tube); positive-moderate shedder (10 to 50 colonies/tube); positive-hdglershe
(51 to 100 colonies/tube); and positive-very high shedder (> 100 colonies/tube).

PCR analysis for detection of MAP DNA in colostrum and teat swab samples
Mycobacterium avium subsp paratuberculosis DNA was extracted from colostrum
samples using a previously described metfibdnd from the teat swabs, using a

commercially available kif

4 HEYM-BBL, Becton-Dickinson, Franklin Lakes, NJ
® ZR Fecal DNA Kit®, Zymo Research Corp., Orange, CA
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The first round of PCR was run using a conventional thermal cycamples
were run in triplicate in 96-well plates according to the following protocolycleat
94°C for 5 min, followed by 20 cycles at 94°C for 45 s, 58°C for 1 min, and 72°C for 2
min, and a final extension cycle at 72°C for 7 min. The primer sequences for the initial
amplification were 5-GCACGGTTTTTCGGA TAACGAG-3” (forward ipmer) and 5’-
TCAACTGCGTCACGGTGTCCTG-3” (reverse primer).
The second amplification was performed using real-time B®&Rmers nested
within the first set were 5-GCACGGTTTTTCGGATAACGAG-3’ (foesd primer) and
5-AACCGACGCCGCCAATACG-3” (reverse primer) for this second aifigation.
Negative and positive controls consisted of the reaction mixture alone, and

genomic DNA from MAP (strain K-10 isolates), respectively.

Statistical analysis

The distribution of cow parity {ivs> 2" lactation), number of colostrum samples
and teat swabs positive for MAP (yes/no), and MAP fecal shedding catedoridsw
shedder, 1 to 10 colonies/tube; 2 = moderate shedder, 10 to 50 colonies/tube; 3 = high
shedder, 50-100 colonies/tube; 4 = very high shedder, > 100 colonies/tube; and 0 =
negative, 0 colonies/tube) between fecal culture positive and negative groups of cows

was summarized.

Multivariable analysis

The number of colostrum samples and teat swabs positive for MAP (yes/no) was
submitted to two separate logistic regression models as dependent valniid#g, the
MAP fecal shedding categories (1 = low shedder, 1 to 10 colonies/tube; 2 = moderate
shedder, 10 to 50 colonies/tube; 3 = high shedder, 50-100 colonies/tube; 4 = very high
shedder, > 100 colonies/tube; and 0 = negative, O colonies/tube) and lactation number of

the cow (i vs> 2" lactation) were included as independent variables in each fitted

¢ Peltier Thermal Cycler, MJ Research, Waltham, MA
47500 Real-time PCR System, Applied Biosystems, Foster City, CA
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model. However, after grouping the MAP fecal shedding categories into a dicustom
variable, the MAP fecal shedding status (positive/negative) and lactation nuntiber of
cow (F'vs> 2" |actation) were included in the final logistic models as independent
variables. Since cows in the same herd were more likely to be similar (véncothisr
herds) with respect to study outcomes, robust estimates of vatfariée **4vere used

to adjust for the within-herd cluster effects. Because statistigafisance P < 0.05)

was absent for the lactation number variable in all of the fitted models, thiblgarias
excluded from all final models. The odds ratios (OR) expressing the strength of the
relationship between MAP fecal shedding status (positive/negative) ahdhedding
categories (1 = low shedder, 1 to 10 colonies/tube; 2 = moderate shedder, 10 to 50
colonies/tube; 3 = high shedder, 50-100 colonies/tube; 4 = very high shedder, > 100
colonies/tube; and 0 = negative, 0 colonies/tube) respectively, and risk of depkéaih
present in colostrum samples and teat swabs, respectively were cdltateach
model. Model fit to the data was tested using the Hosmer-Lemshow goodnegesif-f
for all models°®

All analyses were implemented using standard statistical soffwand values oP

< 0.05 were considered significant.

Estimation of the population attributable fraction (PAF)

To estimate the proportion of colostrum samples and teat swabs positive for MAP
due to the fact that the cows donating these samples were MAP fecal culttive pibs
PAF were estimated as follows:

PAF = pd (OR - 1/OR)

wherepd represented the overall proportion of colostrum samples or teat swabs testing
positive for MAP and that were collected from MAP fecal culture positive cowsDRnd
was the adjusted odds ratio for the relationship between MAP fecal shedding status
(positive/negative) or shedding category (low, moderate, high, and very high) and risk of

detecting MAP in colostrum samples and teat swabs, respectitely.

® Stata® Corp., College Station, TX
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Results

Descriptive summary

Overall 22% (112 of 499) of the cows enrolled in the original study were available
for analysis. Thirty-four percent (38 of 112) of these were fecal culturgveo®r MAP
while 66% (74 of 112) were fecal culture negative. Low, 1 to 10 colonies/tube; moderate,
10 to 50 colonies/tube; and very high, > 100 colonies/tube shedding categories
constituted 66% (25 of 38), 13% (5 of 38), and 21% (8 of 38) of the total number of MAP
fecal culture positive cows, respectively. There were no cows in thelneghliag
category. Nineteen percent (21 of 112) of the teat swab samples colleateti3f% (5
of 38) fecal culture positive cows vs 22%(16 of 74) fecal culture negative cows
respectively were missing. Similarly, 7% (8 of 112) of the colostrum sarnspliected
from 13% (5 of 38) fecal culture positive cows vs 4 %( 3 of 74) fecal culture negative
cows respectively were missing. Records with missing data were eadhode all
subsequent analysis. Sixty-nine percent (72 of 104) of all colostrum sanspbesviere
positive for MAP, 79% (26 of 33) of these were collected from MAP fecal culture
positive cows vs 65% (46 of 71) collected from MAP fecal culture negative cows,
respectively. Sixty percent (55 of 91) of all teat swab samples teste¢postive for
MAP, 70% (23 of 33) of these were collected from MAP fecal culture positive ¢®ws
55% (32 of 58) collected from MAP fecal culture negative cows, respectivabjeg 14).

Multivariable logistic regression
The goodness-of-fit analyses for the final models suggested that the nioithels f
data reasonably well. Logistic regression modeling indicated that overdtriie
association between MAP fecal shedding status (positive/negative) anibdedéd1AP
in colostrum was 2.02 (95% CI: 1.32, 3.8X 0.001). Similarly, the OR for the
association between MAP fecal shedding status (positive/negative) aniibded&d1AP
in teat swabs was 1.87 (95% CI: 1.18, 2P%,0.008) (Table 15). The OR for the
association between low, 1 to10 colonies/tube; moderate, 10 to 50 colonies/tube; and very

high, > 100 colonies/tube MAP fecal shedding categories and risk of detectiRgrMA
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colostrum were 1.74 (95% CI: 0.79, 3.8157 0.17), 2.17(95% CI: 0.56, 8.3B;= 0.26),

and 3.26 (95% CI: 0.65, 16.B;= 0.15), respectively. Similarly, the estimated OR for the
association between low, moderate, and very high MAP fecal shedding ceteyuti

risk of detecting MAP in teat swabs were 1.63 (95% ClI: 1.07,2.460.02), 1.63 (95%

Cl: 1.00,2.64P = 0.05), and 4.06 (95% CI: 0.07,1900= 0.07), respectively (Table 16).
In both cases, there was an increasing trend in the risk of MAP detection in colostrum
samples and teat swabs the higher the MAP fecal shedding category, altiesggh t

estimates were not statistically significant for the MAP positivestalm outcome.

Estimates for population attributable fraction

The PAF estimates associated with each MAP fecal shedding categ®siipl
MAP shedding categories combined (i.e. MAP fecal shedding status defined a® posit
or negative) are presented (Table 17). Overall, the proportion of colostrum samgples
teat swabs positive for MAP attributable to the MAP fecal culture positive gativne)
status of the donor cows in the population studied was 18.2% and 19.5% respectively,

based on OR estimates(Table 15) from the final logistic regression models.

Discussion

Mycobacterium avium subsp paratuberculosis has previously been detected
through the bacterial culture of MAP in colostrum of 22% (8 of 36) of MAP fecal culture
positive cows>® However, it was impossible to quantify the magnitude of the association
between a positive MAP fecal shedding status and risk of detecting MARbBtrcoh
since this early study did not include MAP fecal culture negative cows asral @youp.

The present study was undertaken to quantify the impact of MAP fecal shedding on the
risk of detecting MAP in colostrum and teat swabs of cows inhabiting JD endemic herds
Though a major strength of this study was the fact that the selected leeeds w
heavily infected with JD (i.e. prevalence range, 4% to 14%; median 8%) pro\héing t
ideal group of animals for the evaluation of the current study objectives, theralae a

number of limitations. For example, the cross sectional observational designsbéittyis
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made it impossible to infer cause-and-effect relationships using the presenTda
nested PCR assay used to detect MAP in colostrum samples and teat swabssetite pr
study was shown in a previous experimental validation sfifttyhave an analytic
sensitivity that improved with increasing concentration of MAP (range, 1008ebe 1

x 10/ and 1x18 cells/mL; 75%, between 1 x3nd 1x16 cells/mL; and 50%, between
1x10'and 1x16cells/mL, respectively) in colostrum, and a specificity that approxinate
0.89 (or a false positive rate of approximately 0.11). Therefore, given thelimgce
experimental evidence suggestive of an imperfect sensitivity andispeaf the nested
PCR assay, it is likely that the MAP status of some colostrum samples beaddba
tested in this study were misclassified in both directions (i.e. due to etberpositive
and negative errors, respectively or both). Similarly, the bacteridldeltare test used

to determine the MAP fecal shedding status of cows in this study is known to have
limited and unreliable sensitivity during the early phase of MAP pathologgtile ¢*>*

198 As such, cows in this study that were shedding below the limit of fecal cultural
detection might have been misclassified as being MAP negative, patyi¢htzse in

their first lactation that made up approximately 38% of the total cows samplgd. S
misclassification errors (due to the imperfection of the tests used inuthig gtpresent
may have biased the association between the positive MAP fecal shedtliisgasid risk
of detecting MAP in colostrum samples and teat swabs towards the null veliecti
lowering the magnitude of the estimated ORs.

In spite of the above limitations, there was still a significant associdgtected
between positive MAP fecal shedding status of the cow and risk of detection offMAP i
colostrum samples and teat swabs, respectively (Table 15). There wasddsoe of an
increasing trend in the strength of the association between risks of rigtdétP in
colostrum or teat swabs from the low MAP fecal shedding category to the vhry hig
category, although the MAP fecal shedding category estimates ofadissscwere not
statistically significant® > 0.05) when the MAP positive colostrum outcome variable
was considered (Table 16). These findings were not surprising since the aathors

expected an increase in the risk of detecting MAP in colostrum and teat swabsatée gre
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the quantity of MAP present per g of fecal sample tested. The lack oficadiist
significant associations observed between MAP fecal shedding status iestegdrrisk

of detecting MAP in colostrum might have been due to a compromised statistiel pow
resulting from a relatively small number of cows within each MAP fewadiding

category resulting from such categorization of data (Table 16). Nonetlieéze was an
overall significant positive association between positive MAP fecal shedtings of the
cow (positive/negative) and risk of detection of MAP in colostrum (Table 15).

While mechanisms by which MAP may contaminate colostrum are still poorly

understood, two theories have been advanced as potential explanations for the latter
phenomenon. First, it is thought that MAP infected feces present on the teat skin might
play a significant role in contamination of colostrum during the collection or hieges
process’’? There was however no evidence in support of the latter theory in the present
study since no significant association (i.e. correlation) was observed hdiide DNA
positive colostrum status and MAP DNA positive teat swab status, respgdiedhaps
the lack of a significant association between MAP DNA positive colostrum status
MAP DNA positive teat swabs may have been a result of the level of hygienéefile. s
collection of colostrum) observed during the collection of colostrum samples in this
study. The second mechanism is thought to be through the systemic or hematogenous
dissemination oMycobacteria in an infected host into the mammary glaftdn this
mechanism (i.e. hematogenous mechanism), freely circulating MAP infected
macrophages are thought to end up in the mammary glands with colostrum being their
final site of deposition. This follows the observation that macrophages constitute the
dominant somatic cell type detected in secretions from uninfected mammaudlyg gla
during the dry and periparturient periods respectiV&h}/*while in an infected host,
MAP is a strict intracellular pathogen with an affinity for infegtmacrophages, and the
ability to survive inside macrophages for long periods of time with no detrimédiatetise
on the viability of their cellular host£® *"*

The presence of MAP on teat skin may result from fecal contamination of the

cow’s teat directly from MAP-infected manure excreted by the samemoanother
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cow), "%

[though it is possible that the environment of JD infected herds might also serve
as an important source of MAP from which infected feces is picked up by the udders and
teats when cows lie in bedding containing MAP infected manure, or floors on which

MAP infected manure has been allowed to accumulate. In a previous study of distribution
of MAP in the environment of Minnesota herds,78% of fecal sample pools collected

from surroundings of JD endemic herds were positive for MAP, with fecal pools
collected from cow alleys (77%), manure storage areas (68%), materniti2pes)s

and sick cow pens (18%) testing positive for MAP, respectit?elyis finding

underscored the ubiquitousness of MAP in the surroundings of JD infected herds and the
possible role of the environment in MAP transmission.

Interestingly the proportion of MAP positive colostrum samples and teat swabs
potentially attributed to positive MAP fecal shedding status of the donor cowBARS,
possibly through the mechanisms described above, were only 18% and 20%, respectively
(Table 17). This finding suggests that approximately 80% of MAP detected in the
colostrum samples and from teat swabs had sources unrelated to the MAP fecagisheddin
status of the donor cows, respectively. Since JD was endemic in the study hiers wit
estimated within-herd prevalence of MAP fecal shedders ranging betweemi424%
(median, 8%), it is possible that the environments of participating herds maplaged
a major role as reservoirs for MAP, providing a source for MAP that eventuall
contaminated the colostrum samples and teat surfaces. In absolute terms, &% of t
colostrum samples and 55% of the teat swabs derived from MAP fecal cultureenegat
cows in the present study had MAP detected in them (Table 14).

In spite of the apparently greater potential role played by the MAP-laden
environment in contamination of colostrum and teat surfaces of cows in JD endemic
herds, the PAF estimates obtained in the present study have practicaltiondiéar
within-herd JD control efforts. For example, the PAF estimates indicatebytlaaoiding
the feeding of colostrum from known fecal shedders of MAP within a JD infectdd he
the risk of exposing calves to MAP (assuming the MAP DNA present in colostasm w

indicative of a viable infectiouslycobacteria) within 24 to 48 h of birth through
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ingestion of colostrum could be diminished by approximately 18%. Similarly, by
avoiding the possibility of natural nursing of cows shedding MAP in their fecasghr
prompt separation of calves from their dams within 30 minutes of birth, the risk of
exposing calves through ingestion of MAP present (assuming the MAP DNA poesent
the teats was indicative of a viable infectiddgcobacteria) on bovine teats could be
diminished by approximately 20% (Table 16). However, important to note is that whi
the preceding interventions might achieve some reduction in risk (by apptelirb@%o

and 20% risk of MAP exposure reduction, respectively) of exposure, they by no means
could completely eliminate the risk for MAP exposure to calves through ingestion of
MAP present in colostrum or on bovine teats in JD endemic herds, since a larger
percentagex81%) of the MAP (again assuming the MAP DNA present in these samples
were indicative of a viable infectiobdycobacteria) detected in colostrum samples and
teat swabs in the present study had sources unrelated to the MAP fecal shatigsnof st
cows from which the samples were collected. As such, implementing othegistsahat
might assist with preventing MAP contamination (from other sources such as the
environment in JD endemic herds) of colostrum and teats to reduce the risk of calves’
exposure to MAP is highly encouraged. For example, dairy producers might limit
contamination of colostrum by manure cycle pathogens including MAP by adequately
prepping udders prior to harvesting colostrum and storing or handling colostrum using
sanitized equipment. Details on how to prevent potential bacterial contamination of
colostrum during the harvest, storage, and/or feeding processes have beeadliscuss
elsewhere™* 8*A recent report indicated that herds in which calves were fed colostrum
collected from known MAP infected cows were 87 times as likely to be infected wi
MAP as herds in which such colostrum feeding practices are not the'fakmsuch,

further effort could also be directed towards identifying individual cows teathedding
MAP in feces within-herds through regular bacterial fecal culturakesing for possible
removal from the herd to reduce the pool of animals that may be contributingydioectl
increased environmental loads of MAP and/or donors of MAP contaminated colostrum.

Permitting natural nursing or fostering of calves by alien cows nvétherd is a
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significant predictor for future MAP positive test outcomes in the affectiees® As

such, newborn calves should not be allowed to nurse their dams or other alien cows (i.e.
cows different from their own dams) whenever possible through prompt separation fr
their dams within 30 minutes of birth. Implementing measures that promote proper
manure waste management should be undertaken additional to using individual maternity
pens (vs group maternity pens) that are cleaned and freshly bedded betweesiveucces
calvings. A study is currently in progress at the University of Minndsat&aluate the

efficacy of the latter approach in preventing MAP transmission in caffes.

Lastly, the herds in this study were not a random selection from the entire
population of dairy herds in Minnesota-terms of herd size, the selected herds were
medium (100 to 499 cows) to large 00 cows) in size. According to the National
Agricultural Statistics Service (NASS), approximately 3.7% ai@bo of the total
Minnesota dairy herds belonged to these herd size categories in 2004, resp&tiel
such, caution should be exercised when attempting to extrapolate the curresitoesult

smaller herds (> 100 cows) or herds with different management systems.

Conclusions

Findings of the present study underscored the need for strict adherence togpractice
that limit contact of calves to adult cattle shedding MAP in their fecesthatibiaddition
to employing strategies that limit potential environmental contaminatioola$tcum
during the process of harvesting, storage, and feeding, as part of a wider JD control
effort. Overall the OR of detecting MAP in colostrum samples and teat ©Wabw/s
that were shedding MAP in their feces (vs cows that were not shedding MARS) fec
was 2.02P < 0.001) and 1.87/(< 0.008) respectively, suggesting an increased risk of
contamination associated with MAP fecal shedding. The present studyg @dsalt
indicated that by withholding colostrum collected from MAP fecal culture igesibws
the risk of exposing calves to MAP through ingestion of colostrum could be reduced by
approximately 18%. Similarly, limiting the chances of natural nursingabaes could

potentially reduce the risk of exposing calves to MAP present on teat swfadés
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fecal shedding dams by approximately 20%. However, these study resutistdhgtythe
preceding interventions alone will be insufficient in eliminating the risk loesa

exposure to MAP through colostrum, or ingestion of MAP present on bovine teats in JD
endemic herds due to the ubiquitous presence of MAP in the environment surrounding JD
infected herds, the latter serving as a significant source of MAP from whlim$treim

and dams’ teats might be contaminated during the harvesting, storage, angl feedin
processes, or when the cows lie down, respectively. Therefore in attenoptmgtriol JD

in affected herds’ efforts should be made to indentify for possible removal from the

herds, all cows actively shedding MAP in their feces to reduce the pool of anintals tha
may be contributing directly to increased loads of MAP in the environment. Otlsr are

to be emphasized include proper manure waste management and environmental hygiene
including hygiene within the calving pens additional to the calf and adult cow housing

areas, respectively.
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Table 13. The general characteristics of four Minnesota dairy herds enno#6@5 for a
study of the association between positive MAP fecal shedding status and riskotihde

MAP in colostrum and teat swabs collected from Holstein cows around calvieg tim

Herd 1 Herd 2 Herd 3 Herd 4

Herd size ) 580 530 280 265
Number of cows enrolledn) 229 157 63 50
Number of cows analyzed)( 83 12 7 10

Rolling herd average milk productiokg(y) 9,752 13,607 10,432 10,330
Average somatic cell count estimatper(ml) 230,000 180,000 230,000 240,000
MAP prevalence estimateb) 14 4 8 8

*Number of cows enrolled in original study; findings for the short-term obgstiave
been described elsewhéfé Estimated within-herd apparent prevalence of MAP fecal

shedding cattle.
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Table 14. The comparison of number of colostrum samples and teat swabs in which MAP
was detected, and the distribution of other variables in a study of the associatieanbetw
positive MAP fecal shedding status and risk of detecting MAP in colostrum dnd tea
swabs collected from Holstein cows around calving time in four Minnesotafdeing in

2005.

Variable Fecal culture positive
Yes No

Number of cowsn) 38 74
Lactation

1,n (%) 15 (48) 28(38)

>2,n (%) 16 (52) 45(62)
MAP fecal shedding categdry

Low, n (%) 25 (66) 0

Moderaten (%) 5(13) 0

High, n (%) 0 0

Very high,n (%) 8(21) 0

Negativen (%) 0 74 (100)
MAP detected in colostruin

Yes,n (%) 26(79) 46(65)

No,n (%) 7(21) 25(35)
MAP detected in teat swabs

Yes,n (%) 23(70) 32(55)

No,n (%) 10(30) 26(45)

"Low shedder, 1 to 10 colonies/tube; moderate shedder, 10 to 50 colonies/tube; high
shedder, 50-100 colonies/tube; very high shedder, > 100 colonies/tube; and negative, 0
colonies/tube? Due to exclusion of missing records from analysis, denominator used in
calculation of proportion of colostrum samples positive for MAP was 33 fecal culture
positive vs 71 fecal negative cowsor the teat skin outcome, denominator used in
calculation of proportion of teat swab samples positive for MAP was 33 fecal culture
positive vs 58 fecal negative cows respectively, due to exclusion of missingaatdné
analysis.
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Table 15. Final logistic-regression models estimating the associativedreMAP fecal
shedding status and risk of detecting MAP in colostrum and teat swabs coltented f

Holstein cows around calving time for fecal culture positive cows.

Outcome variable Fecal culture positive OR S.E* 95% CI,OR P value
Lower Upper

MAP detected in colostrum

Yes 2.02 0.44 1.32 3.10 < 0.001

No Baseline — — — —
MAP detected in teat swabs

Yes 1.87 0.44 1.18 2.97 0.008

No Baseline — — — —

* Standard errors adjusting for cluster effect of here Not applicable.
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Table 16. Logistic regression models representing the association b&eeiecal
shedding category, and the risk of detecting MAP in colostrum and teat swabs around

calving time for fecal culture positive cows.

Outcome variable MAP fecal shedding OR S.E 95%Cl, OR P
category value
Lower Upper

MAP detection in

colostrum
Low 1.74 0.70 0.79 3.81 0.17
Moderate 2.17 1.50 0.56 8.38 0.26
High — — — — —
Very high 3.26 2.70 0.65 16.5 0.15
Negative Baseline — — — —

MAP detection in teat

swabs
Low 1.63 0.34 1.07 2.46 0.02
Moderate 1.63 0.40 1.00 2.64 0.05
High — — — — —
Very high 4.06 3.19 0.87 19.0 0.07
Negative Baseline — — — —

See Table 14 and 6.3 for key.
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Table 17. Population attributable fraction (PAF) estimates for the risk of déAdttion

in colostrum and teat swabs attributable to a positive MAP fecal shedding statog a

calving time.
Outcome variable MAP detected in colostrum MARed&d in teat swabs
OR % PAF OR %PAF
MAP fecal shedding categdry
Low 1.74 9.45 1.63 11.2
Moderate 2.17 3 1.63 1.41
High — — — —
Very high 3.26 5.78 4.06 6.85
Negative Baseline — Baseline —
Fecal culture positive
Yes 2.02 18.2 1.87 19.5
No Baseline — Baseline —

See Table 14 and 6.3 for key
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Chapter 7 : Lack of evidence for detectable fecal excretion o f
Mycobacterium avium subsp. paratuberculosis in calves born in a high

Johne’s disease prevalence herd

Abstract

The objective of this study was to detect the presence of calves regcreti
Mycobacterium avium subsp paratuberculosis (MAP) in their feces following natural
exposure. A total of 60 heifer calves born in one Minnesota commercial Holstgin dair
herd were enrolled into the study between July and December, 2005. Betwegal bfto-
age, herd personnel collected approximately 10 g of fecal samples follovneaiibiyly
visits to the farm at which time 10 g of fecal samples were again collegtbe study
investigator from each calf at approximately 30, 60 and 90 d of age, respectively.
Mycobacterium avium subsp paratuberculosis was not recovered from any of the fecal
samples tested via the bacterial culture method, suggesting that thercaihepresent

study did not excrete detectable levels of MAP in feces.

Introduction

Paratuberculosis or JD is causedMbycobacterium avium subsp paratuberculosis
(MAP) infection. Though several animal species are known to be infected,
paratuberculosis is predominantly a disease of rumiiait€alves are considered
particularly vulnerable to MAP infections early in life @ months of age}* 2% 172 18
with an age-related resistance to infection potentially developing tlen®@atalves are
thought to acquire infections mainly through oral ingestion of RAP 3 3with
manure excreted by infected adult cattle being the most important Sotfréé 3
although the practice of feeding raw colostrum and permitting natural nursiadpbex
shown to be significant predictors of MAP transmission in cafe$> 1>

The model for JD control at the herd-level is premised upon prevention of the
vertical transmission of MAP from dam-to-calf through calf segregatmn &dult cattle
and avoiding exposure of calves to adult cattle manure, raw colostrum, arfd fifk.
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Though shown in simulation modeling studies to be effective in reducing prevalence of
MAP at the farm-level?? a limitation for the preceding JD control model lies in its

critical assumption that calves acquire MAP infections mainly through tkiealdi.e.
dam-to-calf) route, hence the emphasis placed on the dam-calf environment. However,
while it is generally assumed that MAP infected calves are not infectrdis 2 years

of age®® and that segregating youngstock from adult cattle is sufficient in breddng t
MAP transmission cycles in JD infected herds*>*'recent findings from experimental
studies have suggested that calves and young stock (< 2 years of agpalble afa
excreting detectable quantities of MAP in their feé&$® *“*While fecal excretion of

MAP by calves may have minimal contribution towards overall burden of MAP in the
environment®’ MAP fecal shedding by calves may be significant in maintaining
infection in calves housed in groups. This is premised upon the observation that group
housing of calves is a significant predictor of herds infected witf'J3t5. **Recent
experimental studies have demonstrated that MAP can be successfullyttethsmi
horizontally (i.e. calf-to-calff* ** *'underscoring the potential significance of MAP
infected calves in the maintenance of JD within-herds, even if interventigesing
dam-to-calf transmission routes were to be successful in preventing lsiAgPriission

within herds.

Limited studies have been undertaken to evaluate fecal excretion of MAR/&y ca
naturally exposed to infectioff’ *® 18 8The goal of this study was to describe patterns
of fecal excretion of MAP by calves following natural exposure. The objectgeov
detect presence of calves excreting MAP in their feces following naxjakure.

Materials and Methods

Study design
A longitudinal, prospective, 90-d long study involving calves born in a single
commercial dairy herd located in southeast Minnesota was conducted to evaduate t

objective of the present study. The original std&fyof which the current study is part,
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was approved by the Institutional Animal Use and Care Committee at the sityiadr
Minnesota (Protocol No. 0406A1181).

Herd selection criteria and description

Cows in the present study were enrolled from a commercial Holstein dagry her
located in southeast Minnesota in 2005. The original herd selection criteria have been
described in detail elsewhel€ and included evidence for the endemic presence of JD in
the herd and use of group maternity pens. The requirement for utilizing group tgaterni
pens was due to the fact that short- and long-term goals of the study wereiébectvee
efficacy of single cow calving pens (vs group maternity pens) for thergremef
neonatal calf disease®’ and for prevention of transmission of MAP in Holstein calves,
respectively. Other criteria for herd selection included routine tesimgifk production
through the Minnesota Dairy Herd Improvement Association (DHIA), willegs to
comply with study protocols, and proximity £60 km radius) to the College of
Veterinary Medicine, University of Minnesota.

Number of cattle in the selected herd was 580 cows in 2005. Milk production
(rolling herd average) for this farm was 9,752 kg/y while the bulk-tank somaticoceit
was 230,000 cells/mL. The estimated within-herd apparent prevalence forr¥sRan
determined on the basis of bacterial culture of fecal samples collectedhfimaual

cows was 14% in 2005.

Calf management in the selected herd

Pregnant heifers and cows were vaccinated at approximately 3 months phier t
expected calving date using a multiple antigen vacbaoataining inactivated
rotaviruses, coronaviruses, a bacterin-toxoid f@ostridium perfringens types C and
D, and a free cell extract & coli, to provide protection to unborn calves against scours.
All calves born in this herd were raised on the farm property and housed in calf hutches

until weaning (60 d of age). Following weaning, all calve were transferred int® loos

# Gardian, Schering-Plough Animal Health Corp, Omaha, NE
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houses with bedded pack. The calf preweaning diets (up to 60 d of age) consisted of
commercial milk replacer and unrestricted amounts of water and cadfr gialtet.

Sample collection

Fecal samples were collected from a total of 60 dam-daughter pairs asfdtar
each cow that was about to calve, approximately 10 g of feces was cbiteanteally by
the herdsmen from the rectum using a disposable plastic examination sleenel&iihi
72 h prior to actual calving. Newborn calves were separated from their dams within 1 h
of being born prior to having the opportunity to nurse. Between 1-to-3 d of birth, herd
personnel collected approximately 10 g of fecal samples via the rectum usinduabi
latex gloves and a lubricant that consisted of sterile water. This wasddlloyvmonthly
visits to the farm at which time 10 g of fecal samples were again collegddy
investigators from each calf at approximately 30, 60 and 90 d of age, respectivaly. Fe
samples were stored in sterile plastic sample containers and lalidl e¢lden
identification of the dam and calf respectively prior to storage8atC (46 °F). All
samples were picked up on a weekly schedule by study investigators and transported on

ice to the Minnesota Veterinary Diagnostic Laboratory for analysis.

Laboratory analysis

The method for the cultivation of MAP in feces used in the present study has been
described in detail previousi? 1% Briefly, sediments derived from the fecal samples
were plated onto Herrold's Egg York Agar Slaftsntaining Mycobactin J and
antibiotics (0.1 ml of 50 mg amphotericin B) and incubated at 37°C for between 1 to 3
weeks. At approximately 6 weeks post inoculation, the agar slants werenedangekly
for growth of MAP. Based on total colony counts per g of fecal sample testatisre
were reported as negative (0 colonies/tube) or positive-low shedder (1 to 10
colonies/tube); positive-moderate shedder (10 to 50 colonies/tube); positive-hdglershe

(51 to 100 colonies/tube); and positive-very high shedder (> 100 colonies/tube).

b HEYM-BBL, Becton-Dickinson, Franklin Lakes, NJ
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Data analysis

Data was summarized using contingency tables.

Results

Fecal samples were collected from a total of 60 calves between July and
December, 2005. Sixty-two percent (37 of 60) of these calves were born in individual
calving pens that were cleaned between successive calvings while 38 ¥6(@bthe
calves were born in multiple calving pens. Of the 60 dams tested prior to calving, 8% (
of 60) was bacterial culture positive for MAP. Overall 240 fecal samplestadiérom
calves at 1-to- 2, 30, 60, and 90-d of age were cultured for MAP. None (0 of 240) of

these samples tested positive on the bacterial culture test.

Discussion

The goal of the present study was to describe patterns of fecal excretiédiPof M
by calves following natural exposure to MAP during the first 90-d of testing. Thibieg
main strength of this study was its longitudinal prospective sampling dgsagming 90-
d since the birth of each study calf, there were also limitations that neededecainsn
while interpreting the current data. For example, detection of MAP iafenticalves
remains a daunting task generally due to the long incubation period of the infection
following exposure and the lack of validated assays specific for detection afanfan
calves.® While it is possible to establish exposure to MAP by measuring the cell
mediated immune response profiles using the boyingerferon assay?’ the inability to
collect blood samples from study calves within 1-to-9 d of birth renderegdsisible to
perform this test. Moreover sensitivity and specificity of the boyimeerferon have not
been fully validated for use in calveg’ Lastly, the objective of this study was evaluated
using data collected from a single Minnesota dairy herd. Thus, the finding cejsomizt
representative of the entire population of dairy herds in Minnesota.

The present study failed to detect evidence of fecal excretion of MARIN®SC

born in a high JD prevalence (i.e., 14%) herd. This finding contradicts preliminahgres
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from an earlier study which revealed that 8 % (1 of 12) of calves, 0-t0-90 d old, under
natural exposure conditions excreted detectable levels of MAP in f&t@sher than the
fact that the detection of MAP infection in calves remains a daunting taskatigré’

for the reasons discussed in the preceding paragraph, the failure to defeztdestion

of MAP by calves under natural farm exposure conditions may have resultedhé&rom t
following reasons:

First, it is possible that despite the high prevalence of JD infection in the study
herd, the calves were not sufficiently exposed to on-farm sources of MAP tamesult
infection or detectable levels of MAP in feces using the bacterial culturededn the
present study, natural exposure of calves to MAP was verified through fetcaglkcul
testing of their respective dams 24-t0-48 h prior to the calves’ birth. This emsspd
upon evidence from earlier dam-daughter pair studies which suggested that po&Rive M
infection status of dams was a significant predictor of exposure to- andjygahse
infection of daughters by MAP* ®* 18However, the daughters (i.e. calves) born to 8%
(5 of 60) of the cows that tested positive for MAP via fecal culture in the present stud
were consistently negative for MAP over the sampling duration ( up to 90 d of ag®). Al
some management factors in place on the study farm may have compromisedrthe ext
of exposure of calves to MAP infections resulting in their inability to be exposed and
therefore excrete detectable levels of MAP in feces. For example, oalhespresent
study were separated from their dams within 1 h of birth and housed in individual calf
hutches during the preweaning period (up to 60 d old) and later transferred into group
housing pens. Though all calves in the present study were fed 3.8 L of raw colostrum
collected from their respective dams within 24 h of birth, these calves were mittger
the opportunity to be naturally nursed by their dams. In a previous study, calwesithat
naturally nursed by their dams or fostered by alien cows were twitdeslystd be
infected by MAP as herd mates fed milk replad¥dditionally, while there is an
increased risk of excreting MAP in colostrum associated with a positive figizeP
excretion status of donor cow3pnly 8% (5 of 60) of the cows in the present study were

fecal culture positive for MAP. Therefore the possibility of calf exp@sirough
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ingestion of raw colostrum containing MAP might have been minimal overall, althbugh i
is also possible that exposure could have been high but the method employed for
detecting fecal excretion might have been less sensitive. Thus, some lmbibdactors

may have compromised exposure and subsequent fecal excretion of MAP by study
calves.

Lastly, it is possible that calves in the present study were exposed to MARtut
exposure to MAP in calfhood does not necessarily result in fecal excretion af MAP
Sporadic fecal excretion of MAP has been previously reported in calves under both
natural farm exposure conditiof§ and in experimental studiés*® **It is therefore
possible that the failure to detect MAP in feces of calves in this studyhavayarisen
due to low or intermittent excretion of MAP by calves and the inability of tred fec
sampling interval employed in the present study to capture samples contaikihg M

Notwithstanding the above explanations, findings of the present study suggest
lack of evidence for detectable levels of MAP potentially excreted iis feaéected from
calves under natural farm exposure conditions. While it is possible that caltes axje
(0-t0-90 d) do not excrete MAP in their feces, this is contradictory to findings fr

earlier24, 40, 185, 187r

eports which suggest otherwise. Thus, in the face of conflicting
findings such as the preceding ones, readers should be cautious while interpsatiag re
of the present study as these results are inconclusive. Further investigediaresranted
with respect to understanding MAP fecal excretion in calves and the imptidati
infection control and JD management. A study involving multiple and diverse hatds t
includes as an outcome of interest, subclinical MAP infection (to be determinedithrou
testing when the apparently exposed calves &gears of age) additional to potential
fecal MAP excretion by such calves might assist in substantiating ttheneei for
presence of calves potentially excreting MAP in their feces followingralaéxposure in
JD infected herds, and the potential role of such calves in calf-to-calf {smnmmof

MAP.
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General conclusions

The general goal of the studies presented in this thesis was to descrilfiedlog ef
of plasma-derived colostrum replacer (CR) feeding programs in preventing MAP
transmission and the role of raw bovine maternal colostrum (MC) in the epideynadlog
JD. Evidence for calf excretion of MAP following natural exposure was alsoated.

In chapter 2, the relative risk of JD in calves fed CR (vs MC) was estimated.
Calves fed the CR product were significantly less likely to be infectedARly édbmpared
with calves fed MC at birth implying that feeding MC is an early sourceAR Kbr
calves as previously suggest&d®® 1%° 1>3The findings also implied that CR products
are an effective tool for reducing the risk of transmission of MAP in calvesdbll be
acquired from oral ingestion of MC after bif{.While it is thought that CR products
might be useful for controlling other pathogens potentially transmissibldviesca
through ingestion of MC (e.gscherichia coli, Salmonella spp,Mycoplasma spp, and
bovine leukemia virus), the efficacy of CR (vs MC) with respect to preventing the
transmission of such pathogens has not been evaluated. Future research focusing on
understanding the role that CR (vs MC) feeding programs might play in the camdrol
management of these pathogens at the farm level is warranted. Additionadly whil
findings of the present study (chapter'?) provide evidence of the efficacy of plasma-
derived CR (vs MC) products in preventing MAP transmission in calves, the gftitac
other colostrum replacement products (i.e. lacteal-derivatives) in preveatisgiission
of MAP in calves has not been validated despite its growing use on dairy farms. Future
research focusing on determining the efficacies of plasma-derivedealiderived CR
products vs raw MC feeding programs for the prevention of transmission ofrablost
pathogens in general is warranted.

Chapter 3 was a description of the effect of CR (vs MC) calf feeding pregram
subsequent survival in the herd (longevity), milk yield, and breeding performare in t
lactating adult cow during the first 54 months of life. Cows fed CR at birth were no
different than cows fed MC with respect to overall risk of death, cullinghcewt/or

culling (from birth to 54 months of follow-up and from first calving to 54 months of age,
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respectively), lifetime milk yield, and breeding performance. Howeveewlal

differences were observed between the two groups (CR vs MC) of cows witht tespec
adult performance and longevity outcomes and the fact that feeding adeighajeality
colostrum remains a key element for calf health and future perforfi@rice > !
respectively, feeding raw MC from cows of unknown( or known) JD status or cows in
JD endemic herds is also a significant risk factor for transmission of Mp&uimy

calves® 36195 ¥rherefore, feeding CR instead of MC may be one management tool to
be used for decreasing the risk of MAP infection in heifer calves at bipgreamusly
demonstrated (chapter 2§ while maintaining optimum productivity in the lactating
adult cow. One advantage with feeding a CR product is that it allows the fgfdili
potentially increasing the 1IgG mass fed (to appr@00 g/dose) to significantly reduce
the high incidence of FPT that was observed in the group of cows fed CR at*bitth.
1%t is important to recognize that an obvious limitation to increasing the mags of

CR would also increase cost of feeding an IgG fortified dose of the product. The long-
term benefits and economic cost-benefit of this feeding management pregpaires a
formal evaluation. The effect of plasma-derived vs lacteal-derived C&wBC

feeding programs on adult cow performance and longevity requires furtheatwalto
substantiate the observation made in the present study (chapter 3).

Detection of MAP present in colostrum and milk continues to be difficult using
currently available tests. In chapter 4, the limits of detection and tlity abthe nested
ISMAPO2 PCR to correctly discriminate between known MAP infected and unidfecte
colostrum samples were experimentally determined. The experimentiiticali of the
nested ISMAPO2 PCR assay was necessary for the interpretation of therdatated in
chapters 5 and 6. The analytic sensitivity of the nested ISMAP02 PCRimagsayed
with increasing concentration of MAP in the colostrum sample replicatepétifisity
was compromised possibly due to contamination during sample preparations. theerall
findings suggested that the nested PCR protocol evaluated in this study wasouseéul
detection of the presence of MAP DNA in experimentally infected bovine colastrum

However, data on the efficacy of this test based on field colostrum sampliesiesno
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be lacking. As such the adoption of this test for use in routine screening of field
colostrum for MAP prior to feeding should not be under taken pending the completion of
a formal field validation study involving perhaps testing colostrum samplestealle

from cows in a set of certified MAP negative herds for estimation of sgggifind

colostrum collected from cows in a set of known MAP infected herds for estimation of
sensitivity with the unit of analysis in each case being the colostrum sdorme cows.
Further evaluations of tests for diagnosing MAP infections using milk and colostrum
clinical specimens are also warranted.

The relative risk of MAP infection in calves that ingested MAP DNA positive
colostrum (exposed) compared with calves that ingested MAP DNA negative
(unexposed) raw colostrum after birth was estimated (chapter 5). Thé kg0
infection was not different between group (exposed vs unexposed) when the serum
ELISA, bacterial fecal culture or both diagnostic tests were used aadisefdr
determining MAP infection status respectively suggesting the lack afdedaisk of
MAP infection associated with ingesting raw colostrum by HolstewesalThe
preceding findings were in stark contrast to previous reporfs % **that seem to
provide evidence in support of colostrum as a possible early vehicle by which alves g
exposed to MAP in JD endemic herds underscoring the potential role of colostrum
feeding programs in the epidemiology of JD in dairy herds. Given the limitations
(discussed in chapter 5) and lack of corroborative data (since no studies had previously
attempted to address similar questions using the study design employed inghe pres
study), the results in chapter 5 need be treated as hypothesis onlyiggmathéer than
conclusive findings. Future studies that address among other factors thadimsit
discussed (see chapter 5) are encouraged to determine whether the lagkiati@ss
between feeding MAP positive colostrum and risk of JD infection is real.

The relationship between fecal shedding of MAP around calving time and
detection of MAP in colostrum samples and on teat skin surfaces respectively was
described (chapter 6). Overall, positive (vs negative) fecal excretitus svas

significantly associated with an increased risk of detecting MA¢®liostrum and on teat
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skin surfaces, respectively. The percentage of MAP transmission riskotidte
eliminated if exposure through feeding colostrum from infected cows exgMAP in
their feces were to be avoided while nothing else changed was estimated at 18%
Similarly, the percentage of MAP transmission risk that could be eliminfatggasure
through permitting calves to be nursed by infected cows excreting MAP ingbes f
were to be avoided while nothing else changed was estimated at 20%. Intigresting
however, while the latter interventions might achieve some reduction in riskasune
to MAP, they by no means eliminate the risk of exposing calves to MAP through
ingestion of MAP present in colostrum or on bovine teats in JD endemic herds, given that
a greater proportion of MAP detected in the colostrum samples and teat swabs had
sources unrelated to the fecal shedding status of the donors with MAP present in the
environment perhaps playing a greater rate80%)in contaminating colostrum and teat
skin. Though environmental management including manure waste management aimed at
controlling the spread of MAP within and between dairy farms is commonly
recommended,” 2*3" 33 5the significance of MAP present in the environment in the
transmission of the disease remains unknown. As such studies designed to Bpecifica
understand the role of the environment in the survival and transmission dynamics of
MAP should be pursued. It would also be much beneficial to substantiate using
randomized controlled field based clinical trial studies, the efficacytbhwiding
colostrum and preventing natural nursing of MAP infected adults for preventing
transmission of MAP in calves since the cross sectional design employegierdha
does not demonstrate efficacies of the said interventions.

The objective of chapter 7 was to detect presence of calves excretinghMAP
their feces following natural exposuidycobacterium avium subsp paratuberculosis
was not recovered from the fecal samples tested suggesting that thercttegsresent
study did not excrete detectable levels of MAP in feces. Although it is posisdil
calves of this age (0-t0-90 d) do not excrete MAP in their feces, this obisenwas

éll, 40, 185, 18

contradictory to findings from earlié ‘teports which suggest otherwise.

Therefore in the face of conflicting findings such as that in chapter 7, cautious
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interpretation of the data is in order since the results presented are incenétugther
investigations are warranted with respect to understanding MAP fecaliemcerecalves

and the implication for infection control and JD management.
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