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A 60-day probiotic protocol with Dietzia subsp.

C79793-74 prevents development
of Johne’s disease parameters after in utero
and/or neonatal MAP infection

Robert E. Click

St. Croix Valley Farm; River Falls, WI USA
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The research reported herein was designed to assess whether the bacterium, Dietzia subspecies C79793-74, used as
a probiotic, could prevent development of parameters indicative of bovine paratuberculosis after potential in utero,
birthing and neonatal (colostrum) exposure to Mycobacterium avium subspecies paratuberculosis (MAP). Such exposure
avenues are especially relevant for dairy farms practicing good management procedures since calves on these farms
could be infected via dams that have yet to be identified as MAP-positive. Indeed, of 18 calves in the present study that
became paratuberculosis parameter-positive, five had dams that were negative for all parameters pre-calving. Parameters
used herein to define paratuberculosis status were serum ELISA, serum agar gel immunodiffusion, cultureable fecal MAP,
histopathology at necropsy and clinical disease. Thirty-four newborn calves whose dams were paratuberculosis-positive
were assigned to four different treatment groups. Ten were treated daily for 60 days with viable Dietzia added to their
antibiotic-free milk feedings; none became positive for any parameter with age. In contrast, seven of eight calves that
were not treated became positive for one or more paratuberculosis-associated parameter. Sixteen calves were treated
with viable Dietzia for the first two days of life; eight were then not treated further, whereas the other eight were treated
an additional 58 days with Dietzia added to tetracycline-fortified milk (Dietzia is sensitive to tetracycline). In these two
groups, positivity developed in five of eight and six of eight, respectively. These results indicated that (a) a daily, 60-
day treatment with viable Dietzia effectively prevented development of parameters indicative of paratuberculosis and
(b) this treatment, in combination with good management practices, has the potential to eradicate MAP from animals/
herds, which should curtail the spread of MAP. Such results should significantly reduce human exposure to MAP, which in
turn, could have relevance for the controversial role of MAP in Crohn'’s disease, type-1 diabetes mellitus, sarcoidosis, Blau

syndrome, ulcerative colitis, irritable bowel syndrome and multiple sclerosis.

Introduction

Johne’s disease, caused by Mycobacterium avium, subspecies para-
tuberculosis (MAP), is a worldwide economic problem on dairy,"?
sheep and goat farms due to animal movement from one farm to
another, herd expansion, farm intensification and confinement,
and most importantly, the absence of an effective preventive vac-
cine or therapeutic drug treatment. Routes by which MAP infec-
tion of ruminants may occur are: in utero, colostrum or milk,
ingestion of fecal MAP during birthing and ingestion of environ-
mental MAP-laced manure after calving.>'* Animals in well man-
aged operations may be infected by any of the first three routes,
whereas all are potential sources in poorly managed operations.
Outside a probiotic therapeutic protocol,”*" there are no curative
treatments for Johne’s disease. Presently, whole herd testing for
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risk-based management is considered by many as the best means
of curtailing the spread of MAP from animal to animal, as well

as farm to farm.!»1¢-

» Unfortunately, even though these manage-
ment practices have successfully reduced the incidence of Johne’s
disease, they have yet to, and most likely will not, eliminate MAP
from farms or animals; thus, other preventive vaccines and/or
curative measures are needed. Furthermore, as Johne’s disease
continues to become more prevalent, and as more human dis-
eases are found to be associated with MAP, what role, if any, food

animals play in the transmission of MAP to humans via dairy
products 25-27.65 24,29,31,33 28,30,32
bl

is becoming

more relevant.
As one means to curtail the spread of MAP, Dietzia subspe-
cies C79793-74, used as a probiotic, has been tested in adult

paratuberculosis cattle for the past several years; the impetus

meat and ground water
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Table 1. Summary of MAP parameters for paratuberculosis dams of calves in treatment Groups 1-4

Parameter at
None
ELISA pre-calving 1.34 £0.37"
maximum 3.20
MAP* pre-calving 1/7?
maximum 6/7
AGID* pre-calving 1/7
maximum 5/8
Dam'’s clinical stage (L:1l:11I:1V) at calving®
5:2/3*0:0
'MeanOD,,

calving, as she was clinically asymptomatic.

coming from a report that MAP growth in vitro was inhibited
by Dietzia under specific culture conditions®® in a similar way
to that achieved in vitro by antimicrobial drugs.”?¢ The results

of these previous investigations'"

indicated that (a) longev-
ity of late-stage, diseased cows was significantly extended by
an extensive Dietzia treatment (high daily dose of >5 x 10" cfu
for months) and (b) 40% of cows in the early stages of Johne’s
disease were “cured” by a similar extensive treatment; i.e., those
cured became negative for all parameters used to define para-
tuberculosis,” lived a normal uneventful life and succumbed to
nonparatuberculosis insults. More importantly, the Dietzia cures
were long-lasting post-treatment and were therefore unlike the
palliative benefits of anti-mycobacterials described for paratuber-
culosis goats and cattle.*3** Although instructive for designing
human clinical trials,” the adult Dietzia protocols were unfortu-
nately (a) very lengthy, (b) less effective for more advanced stages
of disease and (c) costly ($5-10/day for 12-18 months), making
them financially prohibitory for farmers. Therefore, the experi-
ments reported herein were undertaken to assess whether a cost-
effective (estimated <$1/day) Dietzia treatment of MAP-exposed
fetuses or neonatal calves (via colostrum or during birthing)
would prevent subsequent adulthood paratuberculosis-associated
parameters indicative of Johne’s disease.

Results

Calves from paratuberculosis dams. Although MAP is not eas-
ily detected in colostrum obtained from paratuberculosis cows,
colostrum is one of the sources by which calves are infected.®!
Therefore, as one means to increase the probability for infection,
all calves in the present study received colostrum from their dams
only. Unfortunately, of 12 paratuberculosis colostrums tested for
the presence of MAP, only one, from a Stage III positive dam
(see Materials and Methods for definition of disease stages), was
found positive by culture, none by PCR. Such negativity was not
informative and testing for MAP in colostrum was discontinued.
However, feeding paratuberculosis colostrum was continued and
its impact on outcomes of Dietzia treatments will be addressed.
The results in Table 2 are those obtained for eight calves
never exposed to Dietzia. Seven became ELISA-positive, four
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Treatment group

2 day viable 60 day viable 2 day viable + 58 nonv
2.50 = 0.51 2.51 +£0.40 291 +0.51
3.81 3.48 3.86
4/8 6/10 6/8
8/8 9/10 7/8
4/8 4/10 2/8
6/8 5/10 5/8
2:5:1:0 2:6:2:0 0:7:1:0

+ Standard Error Mean. %# animals*/# total animals tested. *Whitlock and Buergelt, 1996. “One cow was not ELISA- or fecal-tested pre-

fecal-positive and none AGID-positive—those testing positive
are highlighted in bold print. Calves 1-1 and 1-6 succumbed with
clinical Johne’s disease, all others from unrelated conditions. All
dams of these untreated calves were or became ELISA-positive
(only pre-calving and maximum values are shown), including the
five that were negative prior to calving. Of these dams, all but
two were AGID- and/or fecal-positive at some point in their lives
and six were euthanized with clinical disease. The mean ELISA
OD value of 1.34 for these dams at pre-calving was lower than
those of the other three groups; maximum mean values, however,
were similar for all four groups (Table 1).

Five of eight calves treated with Dietzia for only the first two
days after birth (Group 2, Table 3) had positive parameters for
Johne’s disease (calves 2-1 and 2-8 succumbed with clinical
disease), whereas all ten that were treated daily for the first 60
days of life tested negative (Group 3, Table 4). All dams in both
groups were ELISA-positive multiple times (3—4 tests/year) and
six in Group 2 and five in Group 3 were AGID-positive at some
point in their life. Only one dam in Group 3 and none in Group
2 tested MAP negative. Six dams in Group 2 and six in Group 3
were euthanized because of clinical disease.

To test whether some component of Dietzia (protein, nucleic
acid, other) would be as effective as viable Dietzia, calves (Group 4,
Table 5) were treated with viable Dietzia for only the first 2 days
of life followed by 58 days of Dietzia added to milk replacer
that contained tetracycline/neomycin. Dietzia is tetracycline-
sensitive. As shown, six of eight calves in this group tested posi-
tive and three succumbed with clinical Johne’s disease. Again all
dams were ELISA-positive multiple times, five AGID-positive,
seven fecal-positive and six succumbed with clinical disease.

The median times at which calves became sero- and/or fecal-
positive in Groups 1, 2 and 4 were 20, 17.5 and 23 months, respec-
tively (Table 6), which is in sharp contrast to no calves testing
positive in Group 3. However, the median test-time for animals
in Group 3 of 24.5 months was similar to the test-positive medi-
ans of the other three Groups. The mean age of calves at first pos-
itive for Groups 1, 2 and 4 was 28.8, 35.4 and 29.7 months and
at the final negative-test-time for Group 3 was 34.8; none being
statistically different. Since animals that continually tested nega-
tive skew these values higher, perhaps a more informative way to
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Table 2. Parameters for calves not fed Dietzia and for their paratuberculosis dams

T et s wgae  Mema DM s
1-1* J F 2.7/-16 20 0.65/-/0 3.5/-/>300 I*
1-2 J F 2.2/-/4 17.5 0.71/-/0 1.5/-/0 |
1-3 H F 0.81/-/0 36 0.80/-/0 2.8/-/nd |
1-4 J F 2.0/-/0 18.5 0.84/-/0 3.7/+/30 I*
1-5 H F 1.7/-/0 46 1.1/-/0 3.1/+/13 1*
1-6* J F 3.6/-/60 a1 nd* 3.1/+/70 1/n*
1-7 H F 3.0/-/2 46 2.0/-/0 3.7/+/20 1n*
1-8¢ J M 2.6/-/nd* 5 3.3/+/2 4.2/+/2 1*

Note: Bold indicates calves with paratuberculosis-positive test parameters. *indicates animal died with clinical Johne’s disease. 'J, Jersey; H, Holstein.
*Result for each calf at first positive or last negative E, ELISA OD, . (<1.4 considered negative), A, AGID (positive/negative); F, Fecal culture (cfu/2

g). *Age at which calf first tested positive for either E, A, F or if E, A, F were negative, age at final test. *nd, not tested. °Clinical Stage (Whitlock and
Buergelt, 1996). °One male was tested at five months of age (no evidence at the time for clinical Johne’s disease) because of a non-paratuberculosis,
presumed eminent, lethal condition.

Table 3. Parameters for calves fed Dietzia for first two days of life and for their paratuberculosis dams

R e .

2-1* J F 1.7/+/33 49 0.62/-/0 2.2/-/4 |

2-2 J F 0.86/-/0 60.5 1.0/-/0 3.8/-/60 I*
2-3 H F 0.85/-/0 50 1.5/-/0 41/4/0° Il

2-4 X F 2.1/-/58 17.5 1.6/-/0 3.5/+/39 1*
2-5 H F 0.50/-/0 22.5 3.5/+/50 3.6/+/50 1*
2-6 X M 4.2/+/0 16.5 3.9/+/>300 4.3/+/>300 n*
2-7 X F 3.5/-/0 17.5 3.9/+/>300 4.4/+/>300 1*
2-8* J F 3.4/+/>300 49.5 4.0/+/2 4.6/+/>300 1*

Note: Bold indicates calves with paratuberculosis-positive test parameters. *indicates animal died with clinical Johne’s disease. 'J, Jersey; H, Holstein;
X, Cross. *Result for each calf at first positive or last negative E, ELISAOD, . . (<1.4 considered negative); A, AGID (positive/negative); F, Fecal culture
(cfu/2 g). *Age at which calf first tested positive for either E, A, F or if E, A, F were negative, age at final test. *Clinical Stage (Whitlock and Buergelt,
1996). *Culture-positive intestinal lymph node at autopsy.

Table 4. Parameters for calves fed Dietzia for 60 days and for their paratuberculosis dams

iy Bt se catmalemr  MEMEDN e maimum <l saga of
3-1 X F 0.74/-/0 53.5 0.95/-/0 2.7/-/8 I*
3-2 J M 0.39/-/0 20.5 1.3/-/0 2.1/-/58 |
3-3 X F 1.1/-/0 23 1.5/-/0 2.3/-/0 Il
3-4 X M 0.62/-/0 15.5 1.6/-/0 3.0/-/17 Il
3-5 X F 0.48/-/0 51 1.7/-17 3.0/-/17 Il
3-6 X M 0.52/-/0 23 2.7/-/65 4.2/+/>300 1
3-7 J M 0.81/-/0 51.3 3.2/+/>300 3.7/+/>300 I*
3-8 J M 0.57/-/0 25 3.8/+/>300 4.6/+/>300 I*
3-9 H F (twin) 0.63/-/0 235 3.9/+/>300 4.3/+/>300 1
3-10 X F 0.80/-/0 60.5 4.4/+/>300 4.9/+/>300 I*

'J, Jersey; H, Holstein; X, Cross. *Result for each calf at last test E, ELISA OD, , - (<1.4 considered negative), A, AGID (positive/negative); F, Fecal culture
(cfu/2 gm). 3Age at final test for E, A and F. “Clinical Stage (Whitlock and Buergelt, 1996). *indicates animal died with clinical Johne's disease.

calculate means is to exclude negative animals. These somewhat Kaplan-Meier analysis of each treatment-group is shown in
lower values are 27.7, 30.0 and 26.3 months for Groups 1, 2 and  Figure 1. The percentage of infected calves in Group 1, not
4, respectively; a Group 3 value is not calculable. treated (Fig. 1A) and treated Groups 2 and 4 (Fig. 1B and C)
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Table 5. Parameters for calves fed viable Dietzia for first two days of life followed by Dietzia (non-viable) in antibiotic-fortified milk replacer for 58 days
and for their paratuberculosis dams

Group # Breed' Sex calf E/A/F? Age (months) at Dam E/A/F Pregnant/fresh
calf ID # testing® Pre-calving maximum clinical stage of dam*

4-1* J F 4.0/+/22 31 1.7/-/10 2.2/-/0 1}

4-2% X F 2.7/-18 36 1.8/-/2 3.7/+/30 1n*

4-3% H F 4.9/+/>300 23 2.2/-/0 3.8/+/>225 1n*

4-4 A M 4.0/-/39 225 3.3/-/>300 3.6/+/>300 1n*

4-5 H M 3.8/+/44 225 3.4/-/16 4.3/-/16 1n*

4-6 X M 1.5/-/0 23 3.7/+/220 4.6/+/>300 1n*

4-7 H F 1.0/-/0 58.5 4.3/-/>300 4.3/-/>300 Il

4-8 X M 0.69/-/0 21 4.4/+/>300 4.4/+/>300 1*

Note: Bold indicates calves with paratuberculosis-positive test parameters. *indicates animal died with clinical Johne’s disease. 'J, Jersey; H, Holstein;
X, Cross; A, Ayrshire. *Result for each calf at first positive or last negative E, ELISAOD, , (<1.4 considered negative); A, AGID (positive/negative); F,
Fecal culture (cfu/2 g). *Age at which calf first tested positive for either E, A, F or if E, A, F were negative, age at final test. “Clinical Stage (Whitlock and
Buergelt, 1996).

Table 6. Summary of data for calves of paratuberculosis dams in treatment groups 1-4

Mean test-age of?

Dietzia treatment’ Median age? for positivity #clinical/total*

Only positives All
None 27.7 28.8 20 2/6
2v days 30.0 354 17.5 2/5
60v days® NA 34.8 NA 0/4
2v + 58nv days 26.3 29.7 23 3/4

'Not treated or treated for 2 or 60 days with viable Dietzia or for 2 days with viable Dietzia followed by 58 days Dietzia in antibiotic-fortified milk re-
placer.2Mean age (months) for only those calves that tested positive or mean age for all calves in the group. 3Median age at which calves tested sero-
and/or fecal-positive. (This is not a survival age). *“Number calves developing clinical disease out of the number monitored over their natural lifetime.

Outside one male in group 3, all males were excluded. *None of the calves in this group tested sero- or fecal-positive and none developed clinical

disease.

were not significantly different from each other (p values ranged
from 0.28-0.50). Zero positivity in the 60-day group (Fig. 1D)
was not only significantly less, but infinitely less, than that of
each of the other three groups, with p values of 0.002, 0.0065
and 0.0015 vs. not treated, 2-day-treated and 2 day + 58 day
antibiotic-treated, respectively. Interestingly, eleven of the 18
animals (61.1%) that developed positive parameters indicative of
paratuberculosis did so by 23.5 months of age; in this same time
period, none of the 10 in the 60-day treatment group were posi-
tive. Comparison of the combined results of Groups 1, 2 and 4 to
the 60-day-treated group is also shown in (Fig. 1D).

Calves from paratuberculosis-negative dams. Fifty-one
calves, whose dams were paratuberculosis-negative (test-negative
up to five years of age), were treated as described for calves from
paratuberculosis-positive dams (Groups 1-4 in Tables 2-5).
Based on SCVF herd management practices and on the primary
objective of the study, no effort was made to have equal numbers
of these 51 calves in each group; instead most were assigned to
the 60-day treatment group since this treatment was anticipated
to have the most efficacious outcome. Of these 51 calves, ten were
not treated, one was treated with viable Dietzia for two days only,
36 were treated with viable Dietzia for 60 days and four were
treated with viable Dietzia for two days followed by tetracycline-
“killed” Dietzia for 58 days. All 51 tested negative (data not
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shown) over their lifetime (3—4 times per year) for sero-, fecal-
and clinical-parameters used to define paratuberculosis.

Discussion

The validity of the therapeutic benefit of the 60-day probiotic
treatment described herein is dependent upon: (a) reliability
and predictability of assays used to define Johne’s disease; (b)
evidence that each calf’s dam was paratuberculosis-positive; and
(c) sufficient exposure to MAP to result in infection. Fulfillment
of each is discussed below.

Assays. ELISA, AGID, MAP present in feces or necropsied tis-
sues, postmortem pathology and end-stage clinical disease were
previously examined longitudinally?” for reliability to identify
Johne’s disease in 75 individual adult animals over their natu-
ral lifetime. The most relevant finding for the present investiga-
tion is that, of these 75, all were ante-mortem, ELISA-positive,
and all but seven either (a) became/were positive for a second
parameter indicative of paratuberculosis (fecal shedding or posi-
tive serum AGID), (b) developed end-stage clinical disease, and/
or (c) possessed necropsied tissue consistent with paratuberculo-
sis histopathology; i.e., 90.7% were definitively positive. Of the
seven that only tested ELISA-positive, five tested positive mul-
tiple times (maximum values ranged from 2.2 to 4.0), one, whose
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dam succumbed with clinical disease, was terminated
because of other insults within three months of first
testing positive (had a single test time) and one, whose
maternal sister and dam died with Stage III and Stage
IV clinical disease respectively, was part of an early-
disease, adult-group that was cured by a lengthy Dietzia
treatment.”" Thus, these seven were considered highly
likely to also be paratuberculosis-positive and it was
concluded that an Allied Monitor ELISA OD value
>1.4 accurately identifies paratuberculosis cattle.

In the present investigation, the >1.4 OD cut-off
value also defined paratuberculosis of dams, since (a)
all (except dam of paratuberculosis-positive calf 1-2)
had positive ELISA values multiple times over their life-
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succumbed with severe Stage IV clinical disease and (d)
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or post-mortem tissue). Evidence supporting positivity

of the three ELISA-only-positive dams (dams of calves
1-2, 3-3 and 4-1) is that 2 (calves 1-2 and 4-1) of these
3 calves tested both ELISA- and fecal-positive—both
calves were born prior to initiating a Dietzia treat-
ment that cured the dams—prevented development of
fecal shedding."""> Therefore, based on the predictive
accuracy of the Allied Monitor ELISA found with the
previous 75 adules,?” plus similar accuracy found for

Figure 1. Kaplan-Meier plot of paratuberculosis parameters of calves undergoing
different treatments. (A) Calves (Group 1) were not treated (n = 8). (B) Calves (Group
2) were treated with viable Dietzia for only the 15 2 days of life (n = 8). (C) Calves
(Group 4) were treated with viable Dietzia for the 1% 2 days of life, followed by 58
days of Dietzia in the presence of antibiotics (n = 8). (D) Calves (Group 3, n = 10)
were treated with viable Dietzia for 60 days (-----). Also shown is a compilation of
the data for Groups 1, 2 and 4 (----) shown in (A-C) (n = 18). (+) represent the age at
which each calf first tested sero- and/or fecal-paratuberculosis-positive and (A) the
age at which an animal left the herd testing negative.

the dams in the present study, the probability that all
animals (dams and calves) that were only ELISA test-
positive as adults, irrespective of their age, are not paratuberculo-
sis-positive is extremely remote.

Status of dams. Except for Group 1, calves were stratified
among the four treatment groups based on ELISA values of the
dams to achieve a presumed, similar degree of infection, with at
least eight calves per group. The mean pre-calving ELISA + SEM
OD values of dams in Groups 2, 3 and 4 of 2.50 + 0.51, 2.51 +
0.40 and 2.91 = 0.51 respectively, not being significantly differ-
ent, supports this attempt.

Group 1 (the exception group) had more calves from dams
that tested paratuberculosis-negative at calving than the other
groups, resulting in a lower mean, pre-calving ELISA OD of
1.34 + 0.37. In contrast the maximum value means for all groups
were similar. Surprisingly, although not significantly, calves in
Group I had the highest percentage of positives and the youngest
mean age at which positivity was detected. Thus, the potential
for calves in this non-treated group to be under-infected was not
substantiated. Further, each group had dams that were negative
for all MAP parameters pre-calving, (except for Group 4) as well
as dams that were or were not AGID and/or fecal-positive. None
of the dams had clinical Stage IV disease prior to calving. Based
on all tests performed every three to four months, plus clinical
disease status, all 34 dams of calves potentially infected with
MAP were paratuberculosis-positive.

Exposure to MAP. To partially mimic on-farm, good man-
agement practices, calves, post-calving, were not deliberately
exposed to environmental fecal material possessing MAP.

www.landesbioscience.com
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Although it may be of interest to test how effective Dietzia would
be in curtailing this type exposure, such a group was not included
because it can and should be controlled by management practices
as defined by others.!1623

The only calves found positive as adults for parameters indica-
tive of MAP infection were those whose dams were positive for
Johne’s disease. Of 51 calves from paratuberculosis-negative
dams (10 not treated, 36 treated with Dietzia for 60 days and
five in either treatment Groups 2 or 4), none tested positive for
any Johne’s disease-associated parameter. Based on the results
obtained with the 60-day treatment of calves from paratuberculo-
sis dams, it was expected that there would not be any positives in
the 36 treated for 60 days. The absence of positives in the other 15
(51 minus 36) suggests that our management practices at SCVF
were sufficient to prevent cross-contamination by inadvertent
exposure to fecal MAP of positive cows or positive calves.>%
Moreover, based on the similar percent positivity in Groups 1,
2 and 4 vs. its absence in Group 3, no Dietzia calf-to-calf cross-
protection was indicated.

As a means to potentially increase the number of infected
neonates over that achieved in utero (or during birthing), each
calf was fed colostrum from its paratuberculosis dam only.5!
These types of exposure were deemed relevant since MAP
infection could easily occur on any dairy farm practicing good
management via in utero/colostrum/birthing of cows yet to be
identified as paratuberculosis-positive. Indeed, the five positive
calves derived from the seven, initially sero- and fecal-negative
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asymptomatic dams in Groups 1, 2 and 4 supports this presump-
tion. However, of colostrums from 12 paratuberculosis cows
tested for the presence of MAP by either DNA technology and
by culture, only one was found positive by culture, none by PCR.
Was MAP absent or merely undectable? This absence is in agree-
ment with that of Streeter et al. in which cultureable MAP was
present almost exclusively in colostrums of cows that were heavy
fecal shedders. Since 16 of 33 (one not tested) paratuberculosis
dams were negative prior to calving for fecal shedding and seven
more were light shedders, undetectable MAP in colostrum was
anticipated. These findings are, however, in disagreement with
that reported by Stabel for colostrum of subclinical animals,'
perhaps because of differences in preparation protocols. In addi-
tion, she found that colostrum from paratuberculosis dams (vs.
pasteurized colostrum from negative dams) increased severity of,
but not percentage of, MAP infection in calves whose dams were
positive.' Using a different approach,” calves (all from dams
with undefined Johne’s disease status) in only one of 12 herds fed
plasma-derived commercial colostrum replacer developed signifi-
cantly less adulthood paratuberculosis parameters compared to
calves that received non-pasteurized colostrum from their dams.
In the other eleven herds, no significant differences were found,
even though in two herds, plasma replacer was actually less effec-
tive. Unfortunately, neither this plasma study, Stabel’s study, nor
the present study clarifies the relative contribution of in utero vs.
colostrum-derived MAP for infection.

A second aspect of feeding colostrum from paratuberculo-
sis dams that will need to be further explored in order to fully
understand its role in MAP infection is, the presence of and con-
centration of antibodies specific for MAP—Tlevels that, like MAP
fecal levels, are dependent upon the stage of disease. Moreover,
colostrum MAP antibodies are not reliably quantifiable by milk
ELISA (see AntelBio’s Technical Report on Milk ELISA). The
significance of these antibodies stems from the findings that
MAP-specific antibodies cross-react with antigenic epitopes
shared with Dietzia (Richards, personal communication and
Click, unpublished). Thus, colostrum antibodies specific for
MAP could enhance or impair Dietzia’s alteration of MAP levels”
by either antibody-mediated elimination of Dietzia (not a desir-
able event), or by a preferably enhanced opsonization of Dietzia/
MAPby phagocytes possessing MAP/Dietzia.® One consequence
of close proximity of Dietzia and MAP is that Dietzia could either
inhibit MAP growth via competition for a nutrient(s), or could
directly kill it. The most intriguing aspect of this postulate is that
for Dietzia to effectively reduce and eliminate MAP in adult cat-
tle, immune reactivity (with an emphasis on humoral) to MAP
was found essential, even though such activity in the absence of
Dietzia is not beneficial/curative (discussed in more detail in ref.
15, where elimination/reduction of MAP by Dietzia in adults
depended upon a dexamethasone-sensitive immune event). This
immune dependence emphasizes an additional concern relative
to the use of MAP-free colostrum (which presumably would also
be MAP antibody-free), which is a critical component of good
management practices; namely, would such antibody-free colos-
trum result in a less effective 60-day Dietzia treatment for calves?
Based on the pre-calving serum ELISA values of dams in Group
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3, the answer appears to be no. Why? Because five dams had
low serum ELISA values at calving (which would suggest low
antibody levels in their colostrum) and five dams had high serum
ELISA values at calving (suggesting a significant concentration
of antibody in their colostrum)—and yet, none of the 10 calves
from these dams developed paratuberculosis-positive parameters!
Obviously more research will be necessary to address the impact
of colostrum on Dietzia’s efficacy.

In utero infection reported previously in references 5 and 6
was based on culture-detected MAP in fetal tissue. MAP that
was detected was primarily in fetuses of cows that were heavily
infected as defined by fecal shedding and MAP culture-positive
lymph nodes. The percentage of positive fetuses from cows with
low infection was negligible or absent; a result not unexpected
when looking for miniscule numbers of MAP in a 100# fetus. In
contrast to these necrosis findings, the present results suggest that
there was no relationship of, when, and if; a calf became positive
as an adult and any ante-mortem parameter used to define the
status of the dam pre-calving. Thus, in contrast to that proposed
by others,* a high percentage of calves in the present investiga-
tion, derived from ELISA “negative” (5 of 7 = 71%), “suspect”
(3 of 4 = 75%) and “positive” (10 of 13 = 77%) paratuberculosis
dams, monitored into adulthood, became positive for parame-
ters indicative of paratuberculosis. Based on these findings, the
60-day therapeutic treatment most likely eliminated MAP from
calves rather than simply reducing the load of MAP sufficiently
to slow development of positive parameters. The high infec-
tion percentage reported herein confirms (a) that of Stabel,' in
which all calves from subclinical and clinical dams, fed pasteur-
ized non-paratuberculosis colostrum, tested positive (presumably
via in utero/birthing infection), (b) the conclusions of a critical
review and meta-analysis,”® and (c) that found for farmed red
deer in which 9 of 10 fetuses were culture-positive for MAP*
Thus, the efficacy found for the 60-day Dietzia treatment would
likely not be altered by clarification of the importance of in utero
exposure verse colostrum exposure, even though in utero/birth-
ing seems the most likely non-environmental source.

Dietzia treatments. Based on studies in which viable Dietzia
effectively controlled/reversed disease in adult paratuberculosis

1315 whereas gamma-radiated, inactivated Dietzia was inef-

cows,
fective,” it was anticipated that if any preventive intervention was
found for calves, it would be with viable Dietzia. In contrast to
varying Dietzia dosages based on clinical disease status of adult
cows (a parameter unavailable for monitoring in calves), a single,
fixed dose (adjusted for cow/calf weight differences) based on an
extremely efficacious dose for adult cattle (>10"* cfu) was chosen
for treating calves. The duration of treatment to achieve thera-
peutic results, however, remained to be established. As shown, a
two-day treatment, although very cost-effective, did not prevent
development of positive parameters; instead, the percent positiv-
ity was not significantly different from that found for untreated
calves. Likewise, the number of calves with positive parameters
that were fed Dietzia in tetracycline-fortified milk replacer for
58 days was comparable to that for calves not treated and to
those fed viable Dietzia for only two days. Thus, feeding “killed”
Dietzia had no obvious adverse or beneficial effect, suggesting a
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role for an active process, just as found for adult cows, rather than
specific inert molecules, emphasizing the importance of proper
storage and handling of Dietzia to maintain viability.

Based on test ages of <25 months for six of the 10 calves in the
60-day therapeutic group, raises a question as to the significance
of (1) differences found for this group and those of Groups 1, 2
and 4 and (2) degree of prevention over a lifetime. Evidence to
counter these are:

(a) Cox Proportional Hazard Survival Analysis of Kaplan-
Meier estimates of different treatments indicated that only the
60-day treatment resulted in a lower, statistical significant,
percentage positive animals vs. Group 1, Group 2, Group 4
(p =0.0003, 0.0065, 0.0015 respectively). Moreover, the percent-
age of positive calves in Groups 1, 2 and 4 were not significantly
different from one another and appeared to be independent of
breed or sex; although because of limited numbers, it is not pos-
sible to draw conclusions regarding the latter variables;

(b) Six of 10 calves from dams with ELISA OD values >2.5
in Groups 1, 2 and 4 tested positive at, or before, 25 months of
age; thus, it would be expected that of the five calves in Group 3,
whose dams also had ELISA values >2.5 at calving, three would
likewise have tested positive by 25 months of age and yet none
did;

(c) Of the 18 calves (out of 24) in groups 1, 2 and 4 that
tested positive, 11 were positive at <25 months of age, irrespective
of any pre-calving parameter of the dams. Based on this 45.8%
positivity, a similar percentage would be expected for Group 3
at <25 months; i.e., 4.58 calves would be expected to be posi-
tive and again all ten tested negative at <25 months; and five of
eight (62.5%) calves in Groups 1, 2 and 4 tested positive at >40
months of age whereas none of four in the 60-day treated group
were positive at >40 months.

Reduction of MAP in the food chain—relevance for human
diseases. Interestingly, Johne’s disease has many manifestations

#4-46 including both debilitat-
ing diarrhea and absence of a preventive vaccine/drug or curative

in common with Crohn’s disease,

treatment. Because a large percentage of Crohn’s patients are sys-
temically infected with AMAP,* it is not surprising that MAP is
at the center of controversy as to its role in this disease. Although
association of Crohn’s disease with MAP appears specific,
the question of whether it is causative, perpetuitive, or merely
an opportunistic bystander still remains to be resolved.>#>
Moreover, a similar controversy will likely develop regarding the
significance of MAP found in patients with sarcoidosis,*® type-1
diabetes mellitus,”-¢ 2 o1
table bowel syndrome® and multiple sclerosis.®® Perhaps even
more intriguing: What is the significance of MAP found in con-
trol, non-diseased subjects by numerous laboratories? In a recent

! Blau syndrome,* ulcerative colitis,” irri-

report, an astonishingly 33% of control subjects were found
MAP-infected!* The presence of MAP in control subjects raises
an interesting question as to what percentage of the population is
exposed to (infected with) MAP at some point in their lifetime?
An answer will clearly depend upon (a) the frequency at which
normal subjects get tested in their lifetime, (b) the difficulty in

75,76

documenting infection in humans’>’® and (c) consequences of

appropriate susceptibility genes’” (and other factors) that severely
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curtail infected individuals from contracting disease. Thus,
the number of individuals in the general population that are
exposed/infected with MAP is probably grossly underestimated
and indeed, could be at an epidemic level.

A second related question is: What is the source and transmis-
sion route by which patients are infected with MAP?*>44-45257
Similar to MAP-infected subjects, there are no curative treat-
ments for ruminants with Johne’s disease (outside the Dietzia
treatment). As a consequence, both asymptomatic and clinically
diseased cattle are in general sent to slaughter where the meat is
processed into ground beef.?' This meat, when not cooked well,
plus viable MAP present in retail cheeses® and in pasteurized
milk on grocery shelves®? puts humans at risk for consuming
MAP>% Furthermore, MAP-contaminated water reservoirs may
also be an important source for human exposure due to animal
feces present in pastures and streams.?®* Thus, it is imperative
that MAP be eliminated from the food chain as one means to
reduce potential exposure of humans to viable MAP. The present
results suggest that this can be most easily and cost-effectively
achieved by treating neonatal rather than treating adult cattle.

Conclusions

The results presented herein, plus the fact that no adverse side
effects have been observed in Dietzia treated calves or cows for
over sixteen years of experimentation, suggest that a 60-day
Dietzia treatment of calves, under good management practices,
would be cost-effective (estimated <$1/day), safe and sufficient to
prevent development of Johne’s disease from in utero/colostrum/
vaginal birthing MAP modes of infection. How effective it would
be after exposure to environmental fecal material on poorly man-
aged farms is an open question. In addition, whether a treatment
less than 60 days but greater than 2 days would be beneficial, also
remains to be determined. To more firmly document the effi-
cacy of Dietzia reported herein, to extensively examine long-term
benefits, and to define how Dietzia mechanistically” intervenes
paratuberculosis processes, further investigations will need to be
undertaken.

Materials and Methods

Adult cows. The goal of the present research was to define a pro-
tocol which could potentially ameliorate Johne’s disease on any
well managed dairy farm; it is most likely not applicable to poorly
managed farms. To mimic the situation on a “typical” small USA
dairy farm, a roughly 4:1 ratio of paratuberculosis-negative to
paratuberculosis-positive animals (see below for definition of
each), under the ownership and management of St. Croix Valley
Farm (SCVF), were housed together in a tie-stall facility. At any
given time, the herd was comprised of 50-60 females. Cows
from the SCVF herd that tested both sero- and fecal-negative
every four to six months over their entire life were considered
paratuberculosis-free. Presumed paratuberculosis-positive, preg-
nant cows were purchased over a two year period from seven
moderately high prevalence herds based on the following criteria:
(a) they were ELISA-positive when tested by the owner (ELISA
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test performed by Wisconsin state laboratory); or (b) they tested
negative but were offspring of paratuberculosis dams (paratuber-
culosis being defined by either positive ELISA values, fecal MAP
shedding and/or clinical disease). At the time of purchase, these
cows, approaching their second or third lactation, were clinically
evaluated and retested for sero- and fecal-parameters by Allied
Monitor (see Table 1); they were then classified as at Stage I (n =
9), II (n = 20), III (n = 4), and one, not retested, was at Stage I or
II—none were at stage IV. Stages of disease severity® are defined
as follows; animals that were asymptomatic and negative for all
test-parameters were classified as at Stage I, those asymptomatic,
but either ELISA- and/or fecal-positive were classified as being
at Stage II. Stage III animals had signs of early clinical disease
(change in fecal consistency, loss of appetite and reduced milk
production, all noted by the author) and were either ELISA- and/
or fecal-positive, whereas, Stage IV animals had severe, end-stage
clinical disease, irrespective of whether they were ELISA- and/
or fecal-negative/positive (almost all were fecal shedding). The
magnitude of ELISA values and fecal shedding cfu were not used
to define these stages, since previous longitudinal assessment®
showed that there was no correlation. All dams were tested three
to four times per year over their lifetime and maintained in the
herd until local veterinarians humanely euthanized recumbent,
emaciated and/or cachectic animals that could not rise and stand
on their own by intravenous injection of a sodium pentobarbital
solution (Fatal Plus, 6 g/ml) at a dose of 1 ml per 4.5 kg body
weight. All nine cows at Stage 1 (all parameters were negative
pre-calving), subsequently over their lifetime of 2-3 years, tested
ELISA-positive, seven became fecal shedders and four were euth-
anized with Stage IV clinical disease.

Cows, irrespective of whether they were paratuberculosis-
positive or negative, were calved on pasture in good weather and
in maternity pens during inclement weather. To mimic on-farm
“good management practice,” a conscientious effort was made to
minimize calf exposure to environmental fecal material possess-
ing MAP. To this end, each cow was fitted with a bra at least five
days prior to the expected calving date to prevent newborns from
nursing. Calves were removed from their dams and fed colostrum
(with or without Dietzia—see below), most within 2—3 h—none
longer than 10 h—of calving and housed in a tie-stall facility
upwind from the cows in individual, impervious stalls to prevent
potential calf-to-calf transmission of Dietzia and/or MAP>*4° An
additional procedure implemented as the standard milking pro-
tocol was use of a 5% glycerin-3% sodium hypochlorite pre-dip
solution to clean teats prior to milking because bleach (at a final
concentration of 3% sodium hypochlorite) reduced MAP (Click
RE, unpublished) in feces from >300 to 3 colony forming units
(cfu) and reduced MAP in biofilms on materials commonly used
to construct livestock watering troughs.®

Calf treatments. There were two basic groups of calves in
the present study—34 were from paratuberculosis-positive dams
and 51 were from paratuberculosis-negative dams; results with
the former, which represent the primary focus and goal of the
study, should always be considered the most important. Calves
in both groups were treated similarly and once weaned were
raised together. To increase the number of calves projected to
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be MAP-infected in utero/vaginal birthing, each received (natu-
rally or tubed) four feedings of 2-3 quarts/feeding colostrum
from their own dam only. Likewise calves of nonparatuberculosis
dams were fed colostrum from only their dams. Thereafter, all
were fed one of two milk replacers obtained from a local com-
mercial source for 58 days. Both milk replacers were nutritionally
identical—however, one contained 200 g/ton tetracycline plus
400 g/ton neomycin, whereas the other was devoid of antibiotics.
All calves were given free choice antibiotic-free, texturized calf
starter during this time. After weaning, they were group-housed
based solely on size—not on treatment protocol—fed 2-3 Ibs of
grain per day plus an unlimited amount of hay and raised out-
doors, isolated from adult cattle, with access to a south-sided
open shelter. All calves were dehorned and males castrated at four
weeks of age or younger. Females were eventually reintroduced
into the herd after they became pregnant and calved.

The thirty-four calves derived from paratuberculosis dams
were assigned to one of four treatment-groups, with at least 8 per
group. In an effort to attain, on average, presumed equivalent
exposure to natural non-environmental infection (Group 1 was
an exception) they were stratified based on ELISA values of their
dams. Group 1, not treated, had more calves derived from dams
that tested paratuberculosis-negative at calving (Stage I), but sub-
sequently tested positive at multiple test-dates (tested every three
to four months per year). These calves were not treated primarily
because their dams were presumed negative. This misclassifica-
tion had the potential to underestimate the extent of infection,
which as discussed earlier was not found.

The dose of Dietzia chosen for calf treatments was weight-
adjusted based on a dose that was extremely efficacious for para-
tuberculosis cows (>10'* cfu/650 kg)."* In contrast to varying
Dietzia dosages based on clinical disease status of adult cows (a
parameter unavailable for monitoring in calves), a single, fixed
dose of 1-2 x 10" cfu was chosen for treating calves. Calves in
Group 1 were never exposed to Dietzia and served as untreated
controls. Those in Groups 2 and 3 were fed viable Dietzia in each
of the four colostrum feedings (2x/day) and then those in Group
3 only were fed viable Dietzia once per day for an additional
58 d; both groups were fed non-antibiotic-fortified milk replacer
post-colostrum feedings. To assess whether a product produced
by Dietzia (such as a protein, nucleic acid or other moiety) could
replace viable Dietzia, calves in Group 4 were fed viable Dietzia
twice per day for two days (colostrum feedings) and then once
per day in milk replacer fortified with tetracycline, to which
Dietzia is sensitive, for an additional 58 d.

Fifty-one calves whose dams always tested negative were
assigned to one of the same four treatment groups without regard
to having equal numbers in each. This was done because our
management was such that no/few calves were anticipated to be
infected with environmental MAP-laced manure. These calves
were included merely to assess both our management practices
and the efficacy of different Dietzia protocols on infection that
might have occurred via inadvertent environmental fecal expo-
sure; these calves were not the focus of the study.

It should be emphasized that paratuberculosis positivity in the
calves was based on positive sero- and/or fecal parameters and
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NOT on clinical disease, primarily because of longitudinal asso-
ciations reported previously for adult cows.”” The age at which
calves were generally first tested for both serological and fecal
parameters was 16—18 months based on other’s findings that
ELISA-positivity occurred as early as 134 d post-MAP infec-
tion®’® and because of on-farm convenience for sampling. All
animals, irrespective of whether they tested negative or positive,
were retested every three to four months until they succumbed to
either Johne’s disease, to other medical conditions, or they were
terminated. The final test of steers (except #3-7, who was kept
to increase the number of animals tested long-term) and free-
martin females was at the time they reached slaughter-weight;
they were never reintroduced into the herd. The months shown
in the Tables as “Age (months) at testing” are those at which an
animal first tested positive or, for those that tested negative, at
their final test-age. These ages are not the age at which an animal
succumbed with/without Johne’s disease.

Serum and MAP detection protocols. All assays were per-
formed at independent laboratories in an effort to attain unbi-
ased measurements. Since the studies on Dietzia were initiated
16 years ago, all assays performed at that time by Allied Monitor,
Inc. (Fayette, MO) were continued without variation for the
duration of the study—this was done in an effort to ensure that
data collected at any time would be reasonably comparable. Thus,
many improvements of the assays were not adapted for our inves-
tigations. Fecal material collected directly from the rectum using
individual disposable gloves and blood obtained aseptically from
the tail vein, were transferred to sterile containers, coded and sent
chilled on the day of collection to Allied Monitor. Colostrum
was also obtained aseptically and sent to Allied. Some duplicate
colostrum and fecal samples were sent to Antel BioSystems, Inc.
(Lansing, MI). Both Allied Monitor and Antel BioSystems are
USDA- and NVSL-approved laboratories that specialize in assays
for Johne’s disease. Serum ELISA and AGID assays and fecal
MAP cultures were performed upon receipt. Validity, sensitivity
and specificity of these assays when used longitudinally for indi-
vidual cows were previously assessed.”

ELISA. ELISA was performed using a crude, soluble, MAP
protoplasmic antigen prepared by Allied. Test sera were preab-
sorbed with Mycobacterium phlei. The content of each well was
read at a wavelength of 405 nm. ELISA values were calculated
by dividing the test-sample OD by a value equivalent to % the
OD of a standard reference positive serum (range 0.13-0.14).
Allied’s classification of Negative (1.4 OD), Suspect (1.5 to 2.0
OD) and Positive (>2.0 OD) was modified slightly based on the
finding that 10 of 13 adult animals with initial “suspect” serum
ELISA values eventually became fecal shedders (n = 9) and/or
succumbed with end-stage clinical disease (n = 5).%” Of the three
that were only ELISA-positive, two had multiple values >2.0. The
dam with only a single positive ELISA value gave birth to a calf
that became both ELISA- and fecal-positive (calf 1-2, Table 2
herein)—this calf was born prior to the dam beginning an adult
Dietzia treatment protocol that led to her negative paratubercu-
losis parameters. Therefore, the “suspect” category was not used
and all animals with serum ELISA OD values >1.4 were consid-
ered paratuberculosis-positive.
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AGID. The AGID test’"”* was performed by Allied with the
same crude MAP antigen used in the ELISA. The six peripheral
wells were inoculated with 50 .l of test sera or a reference serum.
The central well was loaded with 30 pl of antigen. Final read-
ings were performed after 48 h. The reference paratuberculosis-
positive sera used by Allied in both the ELISA and AGID assays
was obtained from naturally MAP infected adult paratuberculo-
sis cows.

MAP detection. Fecal samples of 2 g were weighed into
50 ml sterile conical centrifugation tubes containing 35 ml of
sterile 0.75% hexadecylpyridinium chloride (HPC) (Sigma
Aldrich, St. Louis, MO). Tubes were shaken for 30 min by a
horizontal shaker, after which the contents allowed to settle for
2 h. Approximately 2 ml of supernatant, just above the sedi-
mentation layer, was removed using a sterile transfer pipette.
The supernatant-loaded pipette was placed upright into a sterile
culture tube (20 x 75 mm) at room temperature for overnight
decontamination. Triplicate (occasionally quadruple) Herrold’s
egg yolk (HEY) agar slants containing 50 mg each Naladixic
acid, Vancomycin and Amphotericin B (Becton Dickinson and
Company, Sparks, MD) with mycobactin-], plus one slant with-
out (to evaluate mycobactin-] dependency), were inoculated
with 4 drops (~0.1 ml) of the decontaminated supernatant.
Slants were maintained at 37°C in a horizontal position for one
week, after which they were placed in the upright position and
incubated for a total of 13 weeks. Enumeration of slightly raised
white-yellow colonies evaluated for typical acid fastness and
morphological appearance of MAP was recorded and summed
together. Slants with so many colonies that made it impossible
to accurately count were estimated and expressed as >100 cfu
and are shown in the Tables as >300 cfu if all three slants were
>100 cfu. For triplicates in which all slants were not >100, then
a number less than 300 was calculated and expressed with a >
sign. Any fecally shed MAP was considered as pass-through only
if all ELISA values, prior to, at and post-MAP detection, were
negative and all other test parameters were/remained negative
(pass-through was found four times out of >1,500 individual
tests).

The presence of MAP in randomly chosen colostrum samples
was determined using both PCR (IS900) by Antel BioSystems
and culture by Allied Monitor. Samples were processed using
a centrifugation method;” 50 ml was dispensed into a sterile
conical centrifugation tube and then centrifuged at 900x g for
30 min. The fat layer was removed from the surface and the lig-
uid decanted. The pellet was then suspended in 25 ml of sterile
0.75% HPC, vortexed and incubated overnight at room tempera-
ture. Tubes were centrifuged at 900x g for 30 minutes, superna-
tant discarded and the pellet processed as fecal samples.

Necropsy. The ileo-cecum lymph node plus other lymph
nodes along the small intestine were obtained at sacrifice from
all male calves in Group 4 and tested for the presence of MAP
via PCR (IS900) and culture at the University of Minnesota
Veterinarian Diagnostic Laboratory (St. Paul, MN). This test
was discontinued because (a) positive/negative status was the
same as that defined by their fecal cultures, (b) costs and incon-
venience and (c) as reported previously, longitudinal analysis of
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ELISA values of individual animals was the best predictor of

changes in disease status.””

Dietzia. Dietzia was isolated from feces of a sero- and fecal-
MAP-positive cow.* It was reclassified as Dietzia, based on its 16S
rRNA sequence—the gold standard for bacterial identification™
by MIDI Labs, Inc. (Newark, DE). Dietzia was grown under
contract in 75-liter fermenters at the University of Minnesota

Statistical methods. Differences in positivity for the four

groups in which negative animals were lost to follow-up were

Biotechnology Institute (St. Paul, MN) for 4-5 d at 29°C in fruc-
tose supplemented tryptic soy broth. Samples were centrifuged,

washed and concentrated 20-fold prior to storage in 45 ml ali-
quots at -80°C (long term) or -20°C (short term). New lots were
prepared as needed, approximately every 2—3 mo. The cfu were
determined prior to use. Once thawed, excess material was stored
at 4°C for only 7 d, at which time a new aliquot was thawed.
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