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EDITORS’ PREFACE

These proceedings comprise 67 papers /extended abstracts and 117 abstracts, which were
presented at the 9" International Colloquium for Paratuberculosis held in Tsukuba, Japan
from October 28 to November 2, 2007.

The variation in contents of studies reported is interesting and shows that paratuberculosis
research can truly challenge the imagination of authors, when studies are to be designed.
The progress in research on paratuberculosis continues, which these proceedings document.

It is a pleasure to provide the scientific community with the proceedings.

The papers have not been peer-reviewed. Text edits were made on occasion to increase clarity for the
international readership subsequent to contacting the authors. The Proceedings Editor, the organizers
and sponsors of the Colloquium and the International Association on Paratuberculosis are not
responsible for copyright issues pertaining to the content of these Proceedings.All responsibility for
meeting copyright infringement rules and regulations for material appearing in these Proceedings rests
solely with the authors of each paper.
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Characterization of Mycobacterium avium subsp. paratuberculosis isolates by
Large Sequence Polymorphisms (LSP) detection and hsp65 sequencing

Alvarez J, Castellanos E, de Juan L, Romero B, Bezos J,
Rodriguez S, Aranaz A, Mateos A, Dominguez L

Animal Health Department, Laboratorio VISAVET, Facultad de Veterinaria, Universidad Complutense
de Madrid, Avda. Puerta de Hierro s/n, 28040 Madrid (Spain).

INTRODUCTION

Paratuberculosis or Johne’s disease, caused by Mycobacterium avium subsp.
paratuberculosis (Map), affects ruminant and non-ruminant species, and causes reduced
production, higher susceptibility to acquire other diseases and infertility (Kennedy &
Benedictus, 2001). In Spain there are no official data regarding the prevalence of
paratuberculosis, but the studies performed so far indicate it is present in all domestic
ruminant species with variable prevalences (de Juan et al., 2006, Reviriego et al., 2000).

The complete genomes of two members of the Mycobacterium avium complex (MAC),
Map strain k10 and Mycobacterium avium subsp. hominissuis strain 104, have been recently
sequenced (Li et al., 2005). Comparison between these two genomes of closely related
bacteria has revealed that, in spite of the identity between both genomes (over 97%) at the
nucleotide level (Bannantine et al., 2003), there are large fragments of DNA present in one
but not in the other, called Large Sequence Polymorphisms (LSP) that might be responsible
of their divergent phenotypes (Semret et al., 2004, Wu et al., 2006).

Some of those LSPs are characteristic of bacterial subspecies within MAC, and can be
used as diagnostic targets to correctly identify an isolate. Besides, some other LSPs can be
used to distinguish between different types within one particular subspecies. In particular,
three of those LSPs have been shown to distinguish Map isolates belonging to Types | and
[I: LSPa4-Il, LSPal8 and LSPa20 (Semret et al., 2006). However, the LSP-profile of the
Type lll isolates of Map has not been determined yet.

In the present study a selection of Spanish Map isolates recovered from goats and
cattle from different geographic areas were selected, in order to determine the LSPs profile
of the these strains, particularly of the Type lll isolates.

MATERIAL AND METHODS

Isolates were selected based on their host species, geographical origin and type of strain.
The type of the isolates was determined using Pulsed-Field Gel Electrophoresis and PCR-
REA analysis aimed to the IS1311 element (Marsh et al., 1999). Most of the isolates
belonged to Type lll; however, some strains previously characterized as Type Il recovered
from cattle and goats were also included in the panel as controls (Table 1).

All these isolates were analyzed using three-primer PCRs in order to demonstrate the
presence/absence of LSPa4-1l, LSPa20 and LSPal8. Primers and PCR conditions were
performed according to Semret et al. (2006).

All isolates were further characterized by sequencing of the 65-kDa heat-shock protein
gene (hsp65) according to Turenne et al. (2006).

RESULTS
Based on the PCR results, all Type lll isolates presented the LSPa4-1l and the LSPal8 in
their genomes, but did not harbor the LSPa20. Moreover, all of them also contained the
same sequevar for the hsp65, code 6 (Table 1).

On the other hand, and as could be anticipated, the analyzed Type Il Spanish Map
strains yielded the expected results in the PCRs for the LSPs and contained the code 6
hsp65 sequevar, the one found in all Type Il strains worldwide.
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Table 1. PCR results of all Map strains analyzed

Host species Map Type LSPa4-II LSPal8 LSPa20 hsp65
Cattle Il - - + Code 5
Cattle Il - - + Code 5
Cattle Il - - + Code 5
Cattle Il - - + Code 5
Cattle Il - - + Code 5
Goat Il - - + Code 5
Goat Il - - + Code 5
Goat Il - - + Code 5
Cattle 1" + + - Code 6
Cattle 1] + + - Code 6
Cattle 1] + + - Code 6
Cattle 1] + + - Code 6
Cattle 1] + + - Code 6
Cattle [ + + - Code 6
Cattle [ + + - Code 6
Cattle [ + + - Code 6
Goat [} + + - Code 6
Goat [} + + - Code 6
Goat [} + + - Code 6
Goat 1" + + - Code 6
Goat 1" + + - Code 6
Goat 11 + + - Code 6

DISCUSSION

LSPs are major genetic events that can be sources of the genetic variability found within
MAC. These LSPs could be responsible, at least in part, of the different phenotypes that the
MAC species can adopt, from widespread environmental mycobacteria (M. avium subsp.
hominissuis) to obligate pathogens (Map).

Among Map strains, three types have been also described based on phenotypic and
genotypic differences. The presence or absence of a panel of LSPs was evaluated in Type |
and Il strains, and some important differences were observed that could account for
phenotypic divergence (Semret et al., 2006). In the present study, we analyzed a panel of
Spanish strains, including Type lll isolates, not examined before for the presence of LSPs.

All the Spanish Type Il isolates showed the same hsp65 sequence and LSP pattern
that were previously described in isolates from different countries of Europe, America and
Oceania (Semret et al., 2006), therefore confirming the homogeneity of this cluster
regardless of the host species or the growth rate.

Regarding the Type Il isolates, we found that all showed the same LSP-profile and
hsp65 sequevar than those described for Type | strains, thus indicating a close relatedness
between these two types. These findings may indicate that Type | and Type Ill strains have
followed similar evolution processes. However, more studies are needed to detect if other
LSPs can discriminate between these 2 types. Moreover, we have demonstrated that all
Type lll strains showed the same LSP profile, thus confirming this type is able to infect both
goat and cattle.
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Use of Single Nucleotide Polymorphisms in inh-A gene to characterize
Mycobacterium avium subspecies paratuberculosis into Types I, Il and I

Castellanos E*, Alvarez J', Aranaz A', Romero B', de Juan L', Bezos J*, Rodriguez S,
Stevenson K?, Mateos A', Dominguez L*

'Departamento de Sanidad Animal, Laboratorio VISAVET, Facultad de Veterinaria, Universidad
Complutense de Madrid, Avda. Puerta de Hierro s/n, 28040 Madrid;
> Moredum Research Institute, Pentlands Science Park, Penicuik EH26 OPZ, Scotland, UK.

INTRODUCTION

Mycobacterium avium subspecies paratuberculosis (M. a. paratuberculosis) is responsible
for paratuberculosis (Johne’s disease), a chronic inflammation of the gastrointestinal tract
that affects mainly livestock and wild ruminants. M .a. paratuberculosis isolates have been
classified into three major groups by using traditional molecular techniques such as IS900
restriction fragment length polymorphism (RFLP) (Pavlik et al., 1999) and pulsed-field gel

electrophoresis (PFGE) (Stevenson et al., 2002).

Single Nucleotide Polymorphisms (SNPs) have been widely used to study genomic
diversity in a broad range of microorganisms, but only a few studies have been reported in
M. a. paratuberculosis. In this study, enoyl-(acyl carrier protein) reductase (inh-A) gene, an
important gene in fatty acid biosynthesis, and previously classified as polymorphic at position
228 (Marsh et al 2006) was analyzed for the presence of SNPs.

MATERIAL AND METHODS

A panel of 20 M. a. paratuberculosis isolates from different types (I, Il and Ill), different hosts
(cattle, sheep and goat) and geographical origins (Spain, Scotland and Denmark) was
selected (Table 1).

Tablel. List of isolates used in our study.

NO' of PF.GE . Herd/flock Geographic origin Host
isolates classification
. 5 Central Spain 6 goats
8 Type I 4 different herds 3 Central-south Spain 2 cattle
. 5 Central Spain 5 goats
/ Type ll 5 different herds 2 Central-north Spain 2 cattle
3 Central Scotland
5 Type | 3 different flocks 1 North Scotland, 1 5 sheep

Northwest Scotland

These strains were tested with a PCR-sequencing method directed to the full length inh-A
gene. The forward and reverse sequences were analyzed with Biological Sequence
Alignment Editor version 5.0.9.1, and then submitted to nucleotide-nucleotide BLAST against
the M. a. paratuberculosis K10 (GenBank accesion no. NC_002944) to identify the location
of the SNPs.

RESULTS
The sequencing of the inh-A revealed two SNP (Fig.1): one of them had not been previously
described (position 224), and was Type llI-specific. The SNP described by Marsh et al. 2006
at position 228 was also observed in the isolates tested, thus indicating the genomic diversity
between M. a. paratuberculosis isolates. Moreover, the results are in agreement with
previous studies where these strains were also classified by sequencing of gyrA and gyrB
genes (Castellanos et al., 2007).

The enzyme Sinl was used to differentiate between the strains Type | and Ill, by using
the SNP located at position 224: a two-band pattern was obtained in the case of Type | and Il
strains (699 bp and 65 bp); while Type Il strains yielded a three-band pattern (477 bp, 222
bp and 65 bp).
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Fig.1. Chromatograms of the three M. a. paratuberculosis Types and the SNPs observed at
nucleotides 224 and 228

DISCUSSION

From the two SNPs that were observed in our strains, the one that interested us the most
was the one located at position 224, a Type llI-specific non synonimous transition (Table 2).
This SNP was able to distinguish between the two different types of sheep-related isolates (I
and Il1), with similar culture characteristics and requirements and very difficult to grow to
perform PFGE or RFLP on them.

Table 2. Location of SNPs in the inhA gene in each M. a. paratuberculosis Type

M. a. paratuberculosis Type I Il Il
224 bp GCC-A GCC-A GTC-V
228 bp* CAG-Q CAA-Q CAG-Q
* Previously described SNP by Marsh et al. 2006.

Nucleotide change

Moreover, Type llI-specific SNP at nucleotide 224 was susceptible to PCR-REA. This result,
in combination with gyrB Type Ill specific SNP (Castellanos et al., 2007), permits the rapid
differentiation of these Type Il strains for diagnostic purposes.

This finding indicates there are some genomic divergences between Type Il strains
while compared to Types | and Il. The results described in this study also match previous
reports (Stevenson et al., 2002; Castellanos et al., 2007). These point mutations can be a
small scale representation of the large genomic polymorphisms that may be present within
our isolates.

However, more studies from different geographical areas and a wider range of hosts
are needed to verify our results. Also, it would be of great interest to perform a whole
genome scale approach between the three Types of M. a. paratuberculosis strains to gain an
insight into the genetic divergences and its relation with these strains pathogenesis and
phenotype.
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Amplified Fragment Length Polymorphism to investigate MAP in Italy
Gorni C'?, Taddei R®, Arrigoni N3, Williams JL?

'CERSA-PTP, Livestock Genomics, Polo Universitario, via Einstein, Lodi, Italy
°IDRA Laboratory ISILS-PTP, Polo Universitario, via Einstein, Lodi, Italy
3|stituto Zooprofilattico Sperimentale della Lombardia e del’Emilia Romagna, Piacenza, Italy

INTRODUCTION

To investigate the molecular variability of Mycobacterium avium subsp. paratuberculosis
(MAP) in ltaly, different strains were analysed with the Amplified Fragment Length
Polymorphism (AFLP; Vos et al., 1995) technique. This technique produces a large number
of molecular markers through selective PCR amplification, with no need for prior sequence
information or probe isolation. The data obtained from this analysis will improve knowledge of
MAP molecular variability, for which information on genomic sequence polymorphism is poor,
and can be used a tool for epidemiological studies.

MATERIAL AND METHODS

Eight different MAP strains, collected in different regions and provinces of Italy, were used for
the analysis. ATCC strain 19698, isolated in the USA, was added as reference and was used
as an “outgroup” in the subsequent estimation of the UPGMA tree.

Genetic diversity among the strains was investigated using 8 AFLP primer
combinations carrying two or three “selective” nucleotides (Table 1). Statistical analyses
were carried out using PHYLIP software package (Felsenstein, 1989) and UPGMA cluster
analysis was performed using the Nei-Li (1979) model. To obtain a robust tree, bootstrap
was set at 1000 and the CONSENSE option selected.

Table 1. AFLP primer combinations used and number of polymorphic fragments per experiment

Restriction Selective Selective N. of fragments N. of
enzymes nucleotides nucleotides produced polymorphic

enzyme 1 enzyme 2 fragments
EcoRI-Msel +A +C 3 1
EcoRI-Msel - - 36 27
EcoRI-Msel +G +A 33 29
EcoRI-Msel +G +GG 13 10
Pstl-Msel +A +C 9 5
Pstl-Msel +C +TC 14 11
Pstl-Msel +C +TT 25 24
Pstl-Msel +G +CT 86 85
Total 219 192
RESULTS

The AFLP analyses produced a total of 192 polymorphic fragments (88%) with an average of
27.37 fragments per primer pair and a range between 1 and 85 (Table 1). Data were
analysed and a UPGMA tree produced, which showed three different clusters of strains: the
major cluster included five strains, the second grouped two strains and the third comprised
an ltalian strain, isolated in Cuneo and the ATCC 19698 strain (Fig. 1).
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Fig. 1. UPGMA tree from AFLP data; blue lines separate three different strain clusters
19698= ATCC strain, U.S.A.; 1 — 8 = strains from ltaly

DISCUSSION
Out of the eight AFLP experiments, “PstG-MseCT” primer combination produced 86
fragments, 85 of which were polymorphic (99%), and was able to differentiate all 8 strains in
a single experiment.

As showed by the UPGMA tree, no apparent relationship was observed between
clusters and geographic locations where isolates were obtained (Fig. 1).

CONCLUSIONS

These preliminary data indicate that the AFLP approach is able to produce a sufficient
number of polymorphic markers to distinguish different MAP strains which can be used to
track movements of strains and evolution of the bacterium. However to interpret the UPGMA
data obtained in the current study, additional epidemiology information identifying contacts
between farms may be necessary to explain the UPGMA data. Ongoing work is examining
the variability of MAP strains within a restricted geographical region.
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Short Sequence Repeat typing of Indian Mycobacterium avium
subspecies paratuberculosis ‘Bison type’ isolates

Sohal JS?, Subodh Swati®, Singh SV?, Singh AV?, Singh PK?,
Sheoran N°, Sandhu KS® & Narayanasamy K"
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ABSRACT

The knowledge of the strain diversity is important to have better understanding of
epidemiology of infection and guiding disease control programs. The objective of the present
study was to study the degree of diversity within Indian type Il MAP isolates.

INTRODUCTION
In India, countrywide surveys on paratuberculosis prevalence have never been undertaken
and economic losses have never been estimated or realized, but disease is endemic
livestock species (Singh et al., 2007; Sharma et al., 2007; Kumar et al., 2007).

Mycobacterium avium subspecies paratuberculosis (MAP) strain typing studies has
only been carried for the isolates involved in overt paratuberculosis cases in different host
species of CIRG, Makhdoom and its premises. Preliminary typing of isolates from different
host species including cattle, goats, buffaloes, sheep and blue bull with the help of Spain and
Australian labs revealed that all these isolates from different host species belong to ‘Bison
type’ genotype (Sevilla et al., 2005; 2007; Singh et al., 2005a; 2005b).

Since the Bison type genotype also belong to the type Il group of MAP strains and type
Il strains have been divided into various subtypes using tools with more discriminatory
power, the objective of the present study was to study the degree of diversity of some of
these MAP Bison type isolates recovered from different host species (cattle, buffalo, goat,
sheep and blue bull) with overt paratuberculosis using more discriminatory genotyping tool.

Short sequence repeat (SSR) typing has helped to decide that certain MAP

genotypes are involved overt paratuberculosis and others result in sub-clinical infection, also
SSR typing revealed that certain MAP genotypes are host restricted and others are shared
(Ghadiali et al., 2004; Motiwala et al., 2003; 2004; 2005). Results of SSR analysis by
Amonsin et al. (2004) indicated that mononucleotide G repeat (AAK46234) and tri-nucleotide
GGT repeat (CAB06859) are most discriminatory of the 11 SSRs analyzed. Hence these 2
loci were selected for fingerprinting of Indian MAP Bison type isolates.

MATERIALS AND METHODS

Isolates in the study were from domestic and wild ruminants (cattle, buffalo, goat, sheep and
blue bull) of CIRG, Makhdoom and its premises (Table 1). These ruminant populations (wild
and domestic) share pasture, grass lands, water etc resources with each other and
paratuberculosis is one of the major health and production problems reported in these
livestock species. Preliminary typing of isolates recovered from these species has shown that
MAP Bison type is the only genotype involved in clinical paratuberculosis in all these species
(Sevilla et al., 2005; Singh et al., 2005a; 2005b).

Isolates were cultured as per method of Singh et al. (1996) on HEYM medium
supplemented with mycobactin. MAP colonies were characterized on the basis of slow
growth, fatness, mycobactin dependency and 1S900 PCR. Bison type genotype was
determined using the 1S1311 PCR-REA (Sevilla et al., 2005). Amplification of SSR loci was
carried out as per conditions described by Amonsin et al. (2004). PCR products were purified
by plate purification and sequencing was done using BDT chemistry. Sequence was
analyzed using automated DNA sequencer ABI prisms 3700 DNA analyzer (ABS). Quality of

11



Proceedings of 9ICP - 2007

sequencing data was analyzed using ABS sequence scanner v1.0 software and number of
repeats at each locus for every isolate was determined.

RESULTS AND DISCUSSION

All isolates yielded detectable PCR product for G and GGT repeat loci. Sequence analysis of
these 2 loci revealed that all isolates recovered from different host species were having same
profile of SSR repeats, 7 G and 4 GGT (7g4ggt). The accession numbers are in footnotes of
Table 1. No allelic variation among the isolates may be an indicative of interspecies
transmission of Indian MAP Bison type between, cattle, goat, sheep, buffaloes and blue
bulls. One thing that needs special mention is that paratuberculosis in sheep is caused by
distinct group of MAP strains. But based on the results of present investigation same Bison
type strain with same SSR profile are resulting in overt paratuberculosis in sheep as well as
other host species.

Table 1. MAP Bison type isolates

S. No. MAP lIsolate Host Species
1 MAP S4 Goat
2 MAP S12 Sheep
3 MAP A35 Goat
4 MAP C43 Cattle
5 MAP C42 Buffalo
6 MAP B42 Blue Bull
7 MAP 120 Goat
8 MAP 121 Goat

Accession Numbers: EF514848, EF514849 EF514851, EF514852, EF514853, EF514856,
EF514857, EF514858, EF514859, EF514860, EF514861

Studies on pathogenicity trials of Bison type isolates recovered from wild bison animals
had shown that these isolates were more pathogenic to cattle comparer to wild animal bison,
the species from which they were initially isolated (Stabel et al., 2003). Clinical data from our
study indicate that Indian MAP Bison type is highly pathogenic for both domestic and wild
ruminants. There have been enduring efforts of controlling JD in goats of CIRG, Makhdoom
due to huge production losses and test and cull policy is in use since the last 15 years to
reduce the risk of transmission to susceptible animals, but the efforts have gone in vain and
incidence rates continue to increase. The higher incidence rates despite of control programs
may be a result of continuous infection transmission to goats from wild animals (blue bulls)
that are also infected with same MAP strain and share common pasture, grass land water
resources etc. In India there is no movement restriction of animals (disease control
programs) and livestock species like cattle, buffaloes, sheep and goat graze together or
share other resources even if the infection status of particular species is known for particular
disease (including paratuberculosis). The same occurs under farm conditions, although
different species are not kept together but share resources of feed and water. At individual
owner level, all the species are kept together at same place. Thus, there is every possible
chance of transmission of infection from one to other species.

Molecular epidemiological studies indicated that MAP strains have a level of host
preference but the host adaptation is not absolute. Our results provide strong evidences that
interspecies transmission of MAP occurs among different host species. Since JD is not a
priority disease in India despite the disease is endemic, results of the present study may
guide future paratuberculosis control programs in India.
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Molecular Characterisation of Indian strains of Mycobacterium avium
subspecies paratuberculosis by pulsed-field gel electrophoresis
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ABSTRACT

In the present study, Indian isolates of Mycobacterium avium subspecies paratuberculosis
(MAP) from cattle (5) and goats (4) were characterised by pulsed-field gel electrophoresis
(PFGE) and polymerase chain reaction (PCR), and profiles were compared with standard
strains. All isolates were found to have IS900 and F57 genes by PCR. PFGE analysis with
SnaBI revealed that the profiles of the cattle and goat isolates were identical and had a
unique profile when compared with profiles currently in the PFGE database. PFGE analysis
with Spel demonstrated that all of the isolates were identical to Spel profile 1 in the
database. It was concluded that Indian isolates from cattle and goats were genetically similar
but different from European strains. This study provides useful data that ultimately will
facilitate control measures for the disease in India.

INTRODUCTION

Mycobacterium avium subsp. paratuberculosis (MAP) is the causative agent of
paratuberculosis (Johne’s disease), a chronic granulomatous infection of domestic and wild
ruminants (Tripathi et al., 2002). The disease is prevalent in most countries including India
(Tripathi et al., 2002) and causes significant economic losses to the cattle, sheep and goat
industries.

Research has long been hampered by the lack of sensitive methods for the systematic
differentiation of MAP. Phenotypic and genetic properties such as colony morphology, growth
characteristics, pigmentation, biochemical reactions, antigen and cellular fatty acid
compositions, and restriction endonuclease fragment patterns, which are reliable criteria for
sub typing many other micro-organisms, were inadequate for sub typing MAP. Three groups
of isolates have been described: C type, isolated from cattle, sheep, goats and deer; S type
isolated from sheep; and | (intermediate) type isolated from sheep and goats based on
IS900-RFLP (Whittington et al., 2000; Cousins et al., 2000). PFGE is another technique,
which has been used for typing MAP from different origins (Stevenson et al., 2002; de Juan
et al., 2005; Sevilla et al., 2007). The purpose of this study was to characterise by PFGE
MAP isolates from cattle and goat originating from different geographical regions in India.

MATERIALS AND METHODS

Nine mycobactin dependent isolates of MAP, from cattle (5), goats (4), a vaccine strain (316
F, maintained at IVRI, l1zatnagar) and 4 reference strains (NCTC8578, ATCC19698, 99 PW
and 806R, maintained at MRI, Edinburgh) were used in the study.

Cultures of MAP isolates

Primary isolation and maintenance of MAP isolates were carried out on HEYM (Herrold’s egg
yolk medium) and/or Middlebrook 7H11 (MB7H11) slopes supplemented with 2 mgl™
mycobactin J (Allied monitor, Fayette, MO, USA) and incubated at 37°C until good growth
was obtained (6-12 weeks). MAP isolates were cultured in broth media for PFGE analysis as
described previously (Hughes et al., 2001). Plugs were prepared when the optical density
(McFarland units) was between 2 and 4 as determined by a densimat (Biomerieux, Marcy-1,
Eloile, France).
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Preparation of plugs and DNA

Plugs were poured according to the procedure described by Hughes et al. (2001). Briefly,
bacterial pellets obtained from the culture were resuspended in spheroplasting buffer at a
concentration of 6 x 10° cells mI™*, prewarmed to 55°C in 0.5 ml aliquots in a water bath and
mixed with an equal volume of 1.5% low melting point agarose (Incert, FMC, Flowgen, Staffs,
UK) prepared in 0.05 M EDTA. The mixed suspension was then poured into reusable plug
moulds (Bio-Rad) and then allowed to set for at least 30 min at room temperature. DNA was
prepared and its release and quality was checked (Hughes et al., 2001).

PEGE analysis

Electrophoresis was carried out in 1% agarose gel prepared in 0.5 x TBE using a CHEF
mapper (Bio-Rad, Herts, UK). The electrophoretic conditions chosen to separate fragments
digested by Spel were 30-400 Kb, gradient 6 V cm™, at included angle of 120° at 14°C for 23
hrs, initial and final switch times of 2.16 and 35.38 S, respectively, with switch times ramped
linearly . For SnaBI digest, the running conditions were selected for fragment sizes between
50 and 300 Kb and initial and final switch times of 6.75 and 26.29 S, respectively. Other
conditions remained the same. For better resolution of the higher molecular weight fragments
for SnaBI analysis, the parameters were changed for a fragment size range of 150 to 500 Kb.
The other conditions were automatically adjusted by CHEF mapper. Gels were analysed and
photographed.

PCR analysis of MAP strains
DNA from all the MAP isolates prepared in plugs for PFGE was analysed for the presence of
IS900 and F57 genes as previously described (Sanderson et al., 1992; Poupart et al., 1993).

RESULTS

PFGE analysis

Cattle isolates grew considerably faster than goat isolates. Colonies were rough, creamy and
non-sticky and were acid-fast as determined by ZN staining. All the isolates were confirmed
to be MAP by mycobactin dependency, acid-fastness and the presence of IS900 and F57
genes by PCR.
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Fig. 1. PFGE profiles of Indian isolates of MAP generated with SnaBI (40 hrs run) as compared with
NCTC 8578 standard (SnaBI profile 6). Solid arrows depict lanes showing polymorphisms. Numbers
above the lanes are designations of isolates. PFGE running conditions are described in the text.
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PFGE analysis with SnaB1 with a run time of 23 hrs showed that the cattle and goat
profiles were identical but were different from the NCTC 8578 isolate. The higher molecular
weight fragments could not be further resolved with longer run time (40 hrs) or even after
modifying molecular weight parameters (150 — 500 Kb) and run time. The PFGE profiles of
the Indian isolates showed the greatest similarity to the NCTC 8578 isolate (Type Il, SnaBlI
profile 6), when compared with other profiles in the PFGE database at the time of study. The
Indian isolates had a distinct profile with polymorphisms observed at approximately 160 and
280 Kb (Fig.1). The new profile was assigned profile number 25. One of the 9 isolates from
Nepal showed additional bands, which were faint and presumably due to partial enzymatic
digestion. This needs further repetition to confirm the SnaBl profile of this isolate. When all
the 9 isolates were typed with Spel, only one profile was obtained, which was similar to
profile number 1 in the database represented by reference strains 99 PW, 806R and ATCC
19698.

DISCUSSION

Despite known limited genetic heterogeneity among isolates of MAP from cattle, sheep and
goats in European countries, there have been only two molecular studies involving a small
number of MAP isolates of Indian origin. India is a vast country with at least 4 major
geographical regions (east, west, north and south zones) having different environmental and
climatic conditions.

To date all the isolates or MAP characterised by PFGE can be broadly categorised into
three clusters, referred to as types I, Il and Ill. These clusters further contain several PFGE
profiles (Stevenson et al., 2002; de Juan et al. 2005). In the present study, all cattle and goat
isolates were of type Il but had a different profile in comparison to those reported to date. As
expected PFGE — SnaBlI and Spel profiles for cattle and goats were similar and support the
convention that type Il isolates show a broad host range. This is despite the fact that these
isolates were from two different geographic and climatic regions (2500 km apatrt) i.e. cattle
isolates were from South India and goat isolates were from North India. A few Indian sheep
and goat MAP isolates from Mathura region have been characterized by PCR-REA
(IS1311gene) and found to be bison type strains (Sevilla et al., 2005). Subsequent analysis
of these isolates by PFGE (Sevilla and Heron, unpublished) using more discriminatory Spel
conditions (optimized for 20-250Kb fragments) has shown that at least one of the isolates in
this study has a different Spel profile from the isolates in the Sevilla study. This Spel profile
has not been reported previously and has been assigned profile 33. It appears that sheep
and goat MAP isolates from Mathura and Bareilly, both in North India and just 200 km apart,
and cattle isolates from South India are genetically very similar.

Although, the number of isolates analysed is too small to make any firm conclusion, it
can be speculated that cattle and goats are naturally infected with a genetically similar strain.
The findings of the present study will have a considerable epidemiological impact in deciding
strategies for the diagnosis and vaccination for the control of the disease. Thus, a common
diagnostic reagent and vaccine can be used at least for cattle and goats. Greater number of
strains should be characterised from different parts of India to get a broader view of strain
diversity. The strain similarity also suggests that cattle and goats should not be allowed to
share the grazing pastures as interspecies transmission may occur.
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Large Sequence Polymorphisms in Mycobacterium avium subspecies
paratuberculosis (MAP) vaccine strains revealed by MAPAC microarray
analysis

Bull TJ, Linedale RA, Dierkes N, Hermon-Taylor J, Gould K, Butcher P, Hinds J
St George's University of London,United Kingdom

As part of the European Commission 6" Framework Programme of research into
paratuberculosis (ParaTBTools) we designed and validated a combined 60mer
oligonucleotide microarray for both the MAP and Mycobacterium avium subspecies avium
strain 104 (MAA) genomes. Using the Inkjet in situ synthesised (1JISS) array system (Oxford
Gene Technologies) and ortholog matching bioinformatics software we designed 15,000
candidate 60mer reporter probes and 15,000 SNP-containing mismatched pairs spanning
both genomes. In cycles of optimisation against reference genomic DNA, we used these to
prepare a finalised set of oligos having greatest specificity for their corresponding genes and
minimising differences in signal strength between genes. The resulting array designated
MAPAC comprised 4132 oligos reporting genes shared between MAP and MAA, 218 MAP
specific genes, 952 MAA specific genes, 18 genes found only in MAP sheep strains, 19 MAP
MIRU sequence regions and 58 MAP intergeneic regions, together with 7 genes carried on
the MAA plasmid pVT2. Initially we have used the array to explore genomic differences
between MAP vaccine strains of differing origins and pedigree’s. Weybridge vaccine strains
including 316F obtained directly from the Veterinary Laboratories Agency (VLA), UK and
indirectly from other European centres revealed differences between strains. Vaccine strain Il
from VLA was found to have a previously unreported large contiguous sequence deletion of
32,826bp encoding 33 ORFs. A strain of 316F which had originated from VLA in the 1970’s
and had subsequently been passed for use in vaccination between European centres was
found to have a contiguous deletion of 26,830bp encoding 22 ORFs. By contrast, a strain
designated 316F recently obtained from VLA and a human Crohn’s Disease isolate of MAP,
lacked this deletion and appeared to be identical with MAP K10 in agreement with a previous
report (Semret et al. 2006. J Clin Microbiol 44; 881-887). The deletions found in both MAP
strain Il and 316F affected regions of the genome predicted to be involved in pathogenicity.
These findings may have implications for the safety of vaccine strains and emphasise the
importance of comparative genomics in the definition and monitoring of MAP vaccines. Other
MAP vaccine strains are currently being investigated.
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Techniques for allelic exchange in Mycobacterium paratuberculosis
Collins DM, Young M
AgResearch NCBID Wallaceville, Upper Hutt, New Zealand

The ability to inactivate specific genes in pathogenic organisms is an important requirement
for determining the role of those genes in pathogenic processes and for producing
attenuated strains as live vaccine candidates. We have investigated the usefulness of two
homologous recombination techniques, for producing allelic exchange mutants of
Mycobacterium paratuberculosis. In both techniques, a suicide plasmid construct is made
containing a DNA fragment encoding a selected gene that is interrupted by insertion of a
hygromycin resistance gene. In one technique, the suicide plasmid is delivered into a virulent
strain of M. paratuberculosis by high-temperature electroporation, while in the other
technique it is delivered in a temperature-sensitive phage construct. The transformed strains
are then cultured on solid hygromycin-containing medium. Mutants that are antibiotic
resistant are sub-cultured and characterized by PCR and Southern blotting to determine if
allelic exchange of the active gene for the inactive gene has occurred. Two virulent M.
paratuberculosis strains were used for these studies; strain 989, a New Zealand strain
isolated from cattle, and strain k10, the strain used for genome sequencing. When a direct
comparison of the electroporation technique to the phage technique was made between
these two strains for allelic exchange of two unrelated genes, the phage technique was found
to be much more efficient. Efficiency, defined as the percentage of allelic exchange mutants
to the number of antibiotic resistant colonies, ranged from 25% to 91 % for the phage
technique, and the efficiencies were moderately higher in strain 989 than in strain k10. In
comparison, on the one occasion that electroporation was successful, the efficiency was only
10%. Clearly, the phage technique is the preferably approach for allelic exchange in M.
paratuberculosis.
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A molecular biological approach to producing
a live vaccine for paratuberculosis

de Lisle GW, Scandurra GM, Young M, Cavaignhac SM, Collins DM
AgResearch, New Zealand

Vaccination has for many years been identified as a potentially cost-effective method for the
control of paratuberculosis. However, current vaccines based on whole Mycobacterium
paratuberculosis bacilli mixed with an oil adjuvant have major side effects, including large
lesions at the injection sites and interference with diagnostic tests for bovine tuberculosis. In
this presentation we outline the steps being undertaken using molecular biological methods,
to produce a new, live vaccine based on the deletion of specific genes of the
paratuberculosis organism. This strategy has been successfully followed for producing new
tuberculosis vaccines. Two different approaches have been used to produce avirulent
mutants. The first, was to make a library of mutants in virulent M. paratuberculosis through
the use of the conditionally replicating shuttle phasmid phAE94 which contains the Th5367
transposon. The mutant library was screened using in vitro culture systems including inability
to multiply in minimal media, increased temperature sensitivity, carbon source preference
and altered colonial morphology, all phenotypes that have been associated with loss of
virulence in other pathogenic species. The library was also screened by looking for mutants
with reduced ability to survive in cultures of bovine peripheral-blood macrophages. The
second approach was to inactivate specific genes through homologous recombination. The
genes selected for inactivation were those which have homologues in Mycobacterium bovis
and whose inactivation in M. bovis produced mutants with good vaccine efficacy against
bovine tuberculosis. A crucial step in developing live vaccines is to determine the virulence of
potential vaccine strains in an animal model. The loss of virulence of selected mutants has
been determined by the intravenous inoculation of 10° bacilli into recently weaned goats.
Initial studies showed that a range of different gut tissues were colonized with moderate
numbers of M. paratuberculosis one year after being infected with virulent strains. In
contrast, no or very low numbers of bacilli were isolated with mutant strains. Subsequent
trials have shown that virulence can be determined by examining goats after a six month
infection. Immune responses were monitored by measuring gamma interferon release to
Johnin PPD and will be used for selecting strains for determining their vaccine efficacy.
Vaccine efficacy will be determined in a goat vaccination / challenge model. Recently
weaned BALB/c mice are being investigated as a possible alternative animal for the initial
screening of mutants for loss of virulence. The reduction in the number of M.
paratuberculosis bacilli in spleen and liver is associated with reduced virulence.
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Detection of Mycobacterium avium subsp. paratuberculosis from cattle feces
using Loop-mediated isothermal amplification (LAMP)

Enosawa M*, Suzuki W?, Kageyama S*, Minekawa H?, Notomi T?, Onoe S*, Mori Y*

"Hokkaido Animal Research Center, Shintoku; “Eiken Chemical Co., Ltd., Ohtawara; *Hokkaido
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Japan

We have reported the simple detection system of Mycobacterium avium subsp.
paratuberculosis (MAP) based on LAMP method, which was sensitive and specifically
identify MAP DNA by means of white turbidity (J. Clin. Microbiol. 41:4359-65. 2003). Here we
present the improved LAMP system with modified primer sets and additional denaturing step
of DNA, which allows for a rapid detection of MAP in cattle feces. The new primer sets were
designed from first one third region of IS900 sequence. As the additional step, the extracted
DNA was denatured by heat-treatment and added to a reaction mixture.

Using the new system, 10 copies of cloned 1IS900 DNA or 0.005pg of genomic DNA
from cultured MAP were detected within 30 minutes. It specifically distinguished MAP from M.
avium or M. scroflaceum. Non-specific amplification was not observed within 120 minutes in
the LAMP assay with 10 fecal samples which were obtained from Johne’s disease free herd.
Thus, the improved LAMP system showed high sensitivity and specificity for detecting MAP
in fecal samples.

In order to compare with the culture method using Herrold’s egg yolk medium with
mycobactin, LAMP system was evaluated using 40 cattle fecal samples obtained from MAP
infected cattle herds. The samples were collected when the cattle were slaughtered, and
were stored at 4°C for less than 3 days before conducting the culture test. Nineteen samples,
including 9 culture-positive samples, were positive with LAMP system. On the other hand,
twenty one LAMP negative samples were all culture-negative. The LAMP’s higher sensitivity
would allow for the detection of tiny amount of DNA of dead or dormant MAP cells potentially
present in the culture-negative but LAMP positive samples. Additionally, real-time monitoring
data of LAMP indicates that there is some correlation between a number of colonies on
culture media and amplification time to reach the threshold turbidity. These results suggest
that LAMP system is robust and useful method for the detection of MAP DNA, and will
contribute to rapid and reliable diagnosis of MAP infected cattle.
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Strain typing based on sequence polymorphisms in a surface exposed PPE
protein of Mycobacterium avium subspecies paratuberculosis

Griffiths T2, Rioux K2, De Buck J*
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BACKGROUND

In the last two decades a variety of different molecular typing methods have been developed
to differentiate strains of the genomically highly conserved Mycobacterium avium subsp.
paratuberculosis (Map). The most successful techniques are based on insertion sequences,
repetitive loci, comparative genomics or single nucleotide polymorphisms. In the latter class,
AFLP, RAPD and PFGE have been applied with variable success. In this study a single Map
gene was targeted that is coding for a member of the polymorphic PPE protein family for
which roles in immune evasion, antigenic variation and virulence have been suggested. AIM:
To examine whether polymorphic PPE proteins can serve as a means of differentiation of
Map isolates.

METHODS

We have identified at least four Map PPE proteins to be surface exposed on the cell wall of
Map by enzymatic trimming of viable Map bacteria in specific in vitro conditions. One of the
corresponding genes, Map1506 was sequenced from a collection of 60 isolates from different
sources, hosts and typing profiles, including 7 isolates of bovine (C) and 6 ovine (S and I)
variants representing most predominant IS900-RFLP profiles. IS1311 PCR-REA was
performed on all isolates to determine their bovine (C) or ovine (S) subtype. Sequence data
for the entire Map1506 gene was collected and compared. These sequencing results were
used to select polymorphic regions in the gene to amplify for analysis by denaturing gradient
gel electrophoresis (DGGE).

RESULTS

Grouping based on the sequencing data corresponded in general to the C versus S
subtyping by 1IS1311 PCR-REA. One of the Map1506 gene sequences differed substantially
from the sequenced K10 strain with only 79% identity. Polymorphic regions of Map1506 were
selected for analysis by denaturing gradient gel electrophoresis allowing visual discrimination
of bovine and ovine M. avium subsp. paratuberculosis isolates as well as separation of ovine
isolates into two subgroups (S and I).

CONCLUSION

The Map1506 gene encodes a surface exposed polymorphic PPE protein with putative roles
that are relevant to Map pathogenicity. Sequence polymorphisms in this gene are readily
detectable by DGGE, and allow distinction of isolates correlating with the known C, S and |
variants.

22



Proceedings of 9ICP - 2007

Survival, dormancy and the proteome of Mycobacterium avium subsp.
paratuberculosis during the stress response to hypoxia and nutrient starvation

Gumber S?*, Taylor DL, Marsh 1B*?, Whittington RJ*
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Few data exist on physiological adaptation of M. paratuberculosis (Mptb) in either the host or
the environment. The responses of the two distinct strains of Mptb (C and S) to hypoxia and
starvation were studied in vitro in this study. The growth pattern of Mptb during stress
appeared similar to the dormancy response of other mycobacteria. The C strain was more
resistant to starvation stress than the S strain. A total of 66 protein spots differentially
expressed in response to starvation and/or hypoxic stress were selected and identified,
providing the first functional assessment of the genomic differences known to exist between
these strains. Differentially expressed proteins were classified based on biological function
and 13 categories were identified including antioxidant enzymes, amino acid metabolism,
fatty acid metabolism, ATP and purine biosynthesis, proteolysis, cell wall synthesis,
oxidoreducatse enzymes, protein synthesis, signal recognition, hypothetical proteins with
putative function, hypothetical proteins with unknown function, cyanate hydrolysis, phosphate
metabolism and cell division. These differentially expressed proteins are potential screening
targets for future diagnosis, prevention and control of M. paratuberculosis infection and their
identification will assist understanding the pathogenesis of the diseases caused by this
organism.

23



Proceedings of 9ICP - 2007

Targeting differential expression to identify subspecies specific proteins for
the diagnosis of Mycobacterium avium subspecies paratuberculosis infections

Hughes V*, Smith S, Garcia-Sanchez A', Kerr K}, Denham S*, Sales J%, Watkins C,
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Global screening of genomes and proteomes provides a powerful tool for identifying
differences between two or more closely related organisms. In this study we have used
comparative proteomics to identify proteins responsible for the phenotypic variations in the
two genetically similar subspecies 1S901" Mycobacterium avium and Mycobacterium avium
subspecies paratuberculosis. The advantage of this approach was that comparison of the
proteomes of the two organisms would identify subspecies-specific proteins including the
products of differential gene regulation that would not be detected by a comparative
genomics approach. Comparisons were made between the proteomes of the two organisms
grown in vitro at both log and stationary phases of growth. Differentially expressed proteins
were identified in both organisms and those found to be upregulated in M.a.paratuberculosis
were further investigated by mass spectroscopy and Mascot analyses. The proteomes were
compared from different strains of the organisms to ensure that the proteins identified were
representative of the subspecies. Comparison with the in vivo proteome of
M.a.paratuberculosis confirmed that the proteins were expressed during natural infection of
the target species. The genes encoding the proteins of interest were cloned and expressed
in Escherichia coli and the immunogenicity of the recombinant proteins determined to assess
their potential as specific immunological reagents for diagnosis and epidemiological studies.
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Draft genome sequence of an ovine Mycobacterium avium subspecies
paratuberculosis isolate

Paustian ML*, Kapur V?, Sreevatsan S*, Bannantine JP*
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University of Minnesota

An isolate of Mycobacterium avium subspecies paratuberculosis (M. paratuberculosis) was
cultured from the distal ileum of a sheep that had been diagnosed with Johne’s Disease.
Comparative genomic hybridization and short sequence repeat typing were used to
characterize this isolate as typical of North American Johne’s Disease sheep isolates.
Genomic DNA was isolated and used as a template for sequencing on the Roche Genome
Sequencer 20 System. Pyrosequencing resulted in nearly 18-fold coverage of the genome
and the resulting sequence fragments assembled into 550 contigs. Directed PCR followed by
Sanger sequencing was subsequently used to close gaps in the assembly, resulting in fewer
than 100 contigs. Analysis of the sequence identified several regions encoding genes that
lack homology to other sequenced mycobacteria as well as regions with no homology to all
publicly available sequences. Several regions contained homologues to sequences from
Nocardia, Burkholderia, and Frankia isolates and encoded a variety of metabolic enzymes
and transport proteins. Previously reported large sequence polymorphisms were identified in
the genome sequence as well as a glycopeptidiolipid biosynthesis gene cluster. The draft
and finished sheep isolate sequences will be made available to the research community. It is
expected that the completed genome sequence will impart novel insights into the unique
biology of M. paratuberculosis sheep isolates as well as provide a basis for further
comparative genomic studies.
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Population analysis of fecal microbiota from cows infected with
Mycobacterium avium subspecies paratuberculosis

Paustian ML*, Fyock TL?, Scupham AJ*, Whitlock RH?, Stabel JR*
'National Animal Disease Center, USDA-ARS; “University of Pennsylvania

Mycobacterium avium subspecies paratuberculosis (M. paratuberculosis) is a gram-positive,
acid-fast bacillus that is the causative agent of Johne’s disease, a chronic infection of
ruminant animals characterized by inflammation of the digestive tract leading to nutrient
malabsorption and eventually death. Dramatic changes in the intestinal environment due to
clinical disease are expected to result in alterations to the normal flora, which in turn will
significantly impact the health and metabolic potential of the host animal. A molecular
phylogentic approach was used to identify changes in the microbiota of cows infected with M.
paratuberculosis. DNA was isolated from archived fecal samples taken from cows before
and after the observed onset of clinical disease, or from recent fecal samples taken as part of
a dairy herd survey. The infection status of animals was determined by fecal culture and
PCR. Terminal restriction fragment length polymorphism (T-RFLP) analysis was used to
characterize the organisms present in the fecal DNA preparations. Clustering of the T-RFLP
results indicated that regardless of the amount of fecal shedding or the source animal,
infected animals grouped together and separately from uninfected animals. The T-RFLP
fragment profiles were then used to identify the bacterial genera present in each fecal
sample. Actinobacteria (which includes M. paratuberculosis) increased from an average
bacterial population component of 6.1% in uninfected animals to 13.5% in infected animals,
while Firmicutes decreased from 33.5% to 27.1%. Overall Proteobacteria levels remained
relatively stable between infected and uninfected animals at 34.6% and 36.9%, respectively;
however, Gammaproteobacteria comprised 12.0% of this group in uninfected animals and
17.4% in infected animals. The implications of these observed changes in the microbiota will
be further studied with a sequencing-based approach to establish the functional changes
associated with this population shift. Elucidating the impact of host-pathogen interactions on
commensal microorganisms has the potential to enhance our understanding of the disease
process as well as provide novel approaches for diagnosis and treatment.
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Characterization of Mycobacterium avium subsp. paratuberculosis
isolates in Tamil Nadu, India

Ronald BSM, Prabhakar TG, Chandran NDJ, Edwin PG, Manohar BM

Vaccine Research Centre — Bacterial Vaccine, Centre for Animal Health Studies, TamilNadu
Veterinary and Animal Sciences University,Chennai, TamilNadu, INDIA, 600051

A total number of 192 faecal and 10 tissue samples were collected in suspected cattle,
sheep and goats from organized farms in Tamil Nadu, India for isolation using Herrold’s egg
yolk medium (HEYM). Two sheep isolates, two goat isolates and one cattle isolate were
isolated. Biochemical characterization of the isolates revealed positivity for heat stable
catalase at 68°C, pyrazinamidase and Thiophene Carboxylic inhibition test and negative for
nitrate reduction, potassium tellurite reduction, tween 80 hydrolysis and urease test. Cultural
characterization showed medium growth at 33°C and 37°C, no pigment formation, no growth
in the presence of 5% NaCl and in MacConkey agar. The sheep isolates formed moist
glistening colonies in 9-10 months and cattle and goat isolates in 3-4 months. Molecular
characterization was carried out by isolation of DNA using QIAGEN kit from HEYM and
subjected to IS900 PCR. An amplicon size of 277bp was formed on amplification and
restriction enzyme analysis using Mbol showed similar restriction patterns among the
isolates. Single strand conformational polymorphism done with the PCR amplicons showed
variation in the mobility pattern of the sheep isolates from that of cattle and goat. Sequence
analysis of the PCR amplicons of the isolates did not show much significant variation
between the isolates. The allotted accession numbers for sheep 1, sheep 2, cattle and goat
strains were DQ366928, DQ366929, DQ986325 and DQ9Y986326 respectively. In conclusion,
single strand conformational polymorphism can be a simple and effective method in
differentiating isolates and could be further exploited by subjecting more isolates for
characterization.
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Comparative analysis of Mycobacterium avium subsp. paratuberculosis
isolates from cattle, sheep and goats by short sequence repeat and pulsed-
field gel electrophoresis typing

Sevilla I', Li L?, Amonsin A?, Garrido JM*, Geijo M*, Molina E*, Kapur V?, Juste RA!

'Dpto. De Produccion y Sanidad Animal.NEIKER, Berreaga, 1 48160 Derio. Bizkaia. SPAIN,
’Departments of Microbiology and Biomedical Genomics Center, University of Minnesota, MN 55108

Mycobacterium avium subsp. paratuberculosis (Map) causes paratuberculosis in animals
and is suspected of causing Crohn’s Disease in humans. Previous investigations have
revealed a relative lack of genetic diversity amongst isolates. Combined with the slow growth
of the organism in pure culture, strain differentiation among Map isolates has proved to be
difficult and has limited the study of the molecular epidemiology of the disease. We here
compare a set of 268 isolates from different hosts (cattle, sheep, goats, bison, deer and wild
boar) that have been previously characterized for IS1311 PCR-restriction endonuclease
analysis and SnaBlI-Spel pulsed-field gel electrophoresis patterns with the more recently
described short sequence repeat (SSR) analysis of locus 1 (G residue) and locus 8 (GGT
residue).

The results show that a total of nineteen different multi-locus SSR (SSR1_SSR8) types
were identified amongst the 268 isolates. In terms of host species distribution, there were 13
SSR types identified from cattle, 6 from sheep and 3 from goat isolates. Cluster analysis with
both PFGE and SSR based typing methods confirmed that Map isolates are genetically
divided into two main groups, the cattle type and sheep type groups. Amongst isolates
recovered from Spain, SSR type type 7_4 accounted for the 54% of cattle isolates, while
types 7_3 and 14_3 together accounted for the 29% of sheep isolates. Interestingly, amongst
isolates recovered from goats, approximately the same proportion (43%) of isolates were
typed as either cattle type (7_4) or sheep type (14_3). While the overall discriminatory power
of both methods as calculated by Simpson’s index of diversity (D) was almost the same
(0.693 for PFGE and 0.691 for SSR) for both methods, comparative analysis revealed that
the most abundant PFGE 1-1, 2-1 and 23-16 profiles were subdivided into 11, 7 and 4
different types, respectively. Similarly, isolates representing the most abundant SSR type
(7_4) could be subdivided into 19 different PFGE profiles. Amongst isolates recovered from
sheep, there was a slightly higher discrimination with PFGE (D = 0.865) than with SSR (D =
0.775).

Taken together, the results of our studies confirm the utility of the SSR approach as an
easy and rapid method based on PCR and sequence analysis that requires only small
amounts of sample to perform. The results also suggest that the addition of a third locus to
SSR typing may help in increasing the discriminatory power of this method. Overall, the
results of our comparative analyses suggest that, based on current methodologies available,
a combined approach that includes 1S1311 PCR-REA, SSR and PFGE provide the highest
level of discrimination for Map strain typing.
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Genetic characterization novel Indian Mycobacterium avium subspecies
paratuberculosis ‘Bison type’ isolate (S5) used to prepare vaccine and
diagnostic kits

Sohal JS?, Narayanasamy K®, Singh SV?

#Microbiology Laboratory, Animal Health Division, Central Institute for Research on Goats, Makhdoom,
PO - Farah, District — Mathura (UP) and bFacility, Institute of Molecular Medicine, 254, Okhla Industrial
Estate-Ill, New Delhi, 110020, India

Mycobacterium avium subspecies paratuberculosis (MAP) the cause of Johne’s disease in
animals is distributed world over and has also been associated with inflammatory bowel
disease (IBD or Crohn’s disease) of human beings. Despite low productivity (1/6 in Asian
countries), huge animal (>450 millions) and human population (>1.3 billion), has not been
extensively screened for the presence of MAP. Limited studies have shown that MAP was
endemic in animal herds and flocks in the country. Preliminary characterization of MAP
showed that native strain of MAP prevalent in domestic ruminants was ‘ Bison type’ (Sevilla
et al., 2005).

Presently India lacks a referral laboratory to look into different aspects of research on
Mycobacterium avium subspecies paratuberculosis in the huge population of domestic
ruminants and human beings. Johnin has been used for last 40-50 years and was the only
diagnostic reagent available to screen animals against Johne’s disease. Johnin production
was based on a strain of MAP imported from UK. Johnin production was discontinued due
loss of strain in serial passages and has been restarted by importing a new strain of MAP, as
there is no standard Indian MAP strain. Limited studies on diagnostics and vaccines
developed utilizing antigens from strains prevalent outside the country were not as
efficacious as to that indigenously developed utilizing antigens from native MAP ‘Bison type’
strain of goat origin. Therefore genetic contents including different markers (IS elements,
short sequence repeats and large sequence polymorphisms) of native MAP strains were
analyzed and compared with MAP K10 genome to have inference of differences in native
MAP ‘Bison type’ isolate and to study the phylogeny of native isolates. Results of present
study confirmed that MAP ‘Bison type’ (S5) genome has genetic differences in terms of
SNPs, locus polymorphisms and genomic duplications and there is need to extensively
analyze Indian MAP isolates to have insights in to their evolution and pathogenicity. In the
present study different methods of the strain typing were also optimized for the first time in
the country to guide geno-typing and futuristic molecular epidemiological studies.
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New characteristic ‘Molecular Signatures’ to distinguish Indian and non-Indian
isolates of Mycobacterium avium subspecies paratuberculosis

Sohal JS?, Subodh S°, Singh SV?, Narayanasamy K®, Singh PK?, Singh AV?, Sheoran N®,
Sandhu KS°

*Microbiology Laboratory, Animal Health Division, Central Institute for Research on Goats, Makhdoom,
PO - Farah, District — Mathura (UP), India; R&D Facility, Institute of Molecular Medicine, 254, Okhla
Industrial Estate-11l, New Delhi, 110020, India

Paratuberculosis (Johne’s disease) caused by Mycobacterium avium subspecies
paratuberculosis (MAP), is the most costly production disease of animals, has zoonotic
concerns and invites trade restrictions. Johne’s disease is endemic in Indian domestic
livestock population (cattle, buffalo, goat and sheep) and wild animals. MAP has been
recovered from cases of Crohn’s disease, normal and in-contact animal attendance. India
possesses huge population of animals however, per animal productivity is very low as
compared to other countries. Despite test and cull policy, incidence of disease continues to
increase, resulting in heavy economic losses that have never been estimated or realized.

Lack of effective vaccine has increased the demand of devising preventive measures
based on epidemiological information. In India work on the characterization of strain was
started from 1999 with the help of Australian and Spanish laboratories (Sevilla et al., 2005,
Whittington, 2001, personal communication) giving first indication that Indian MAP strains
may be different from other known strains of MAP in the world. In the present study, based
on genome sequence of International Reference isolate (MAP K10), assays were designed
to have insights of various molecular markers including IS elements, LSPs and SSRs of MAP
‘Bison type’ 9S5) of goat origin. In some of IS1311 loci a novel polymorphism was observed
in MAP ‘Bison type’ S5, not seen in MAP K10 genome and MAP isolates from outside India.
This is the first report of this polymorphism and so far these polymorphisms have not been
observed in Indian and non-India strains. In the next stage presence of this polymorphism
was tested in a panel of Indian MAP isolates (from different host species and diverse
geographical regions) and non-Indian MAP isolates. Novel polymorphism was consistently
present in all Indian MAP isolates tested despite differences in host species and diverse
geographical regions and this polymorphism was not seen for non-Indian MAP isolates. Non-
Indian MAP isolates were identical to International Reference isolate (MAP K10). Study
provided unique characteristic molecular signature that can distinguish Indian MAP from
other isolates. Study indicated the need for analyzing large number of Indian MAP isolates in
order to confirm this polymorphism as a characteristic of Indian MAP isolates. This effort will
provide new dimensions to paratuberculosis research in the country.
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Analysis of Toll-like receptor gene expression in Mycobacterium
paratuberculosis infected sheep

Taylor DL, Zhong L, Di Fiore L, Begg DJ, De Silva K, Whittington RJ
Faculty of Veterinary Sciences, University of Sydney, Australia

Recognition of microbial pathogens by the innate immune system is essential to
development of an adaptive immune response and is dependent on signaling by Toll-like
receptors (TLR). TLR are Pattern Recognition receptors (PRR) that recognize and respond
rapidly to invading bacteria leading to the production of pro-inflammatory cytokines, radical
oxygen species, nitric oxide and the induction of adaptive immunity. In parallel to this
microbes have co-evolved mechanisms to avoid host responses, and may even exploit TLR
induced innate responses to their own advantage. Elucidation of the mechanisms of
pathogen recognition and host immune evasion by the TLR pathways is central to our
understanding of how these factors contribute to pathogenesis in the susceptible host and
for developing improved approaches to control, treatment and immunoprophylaxis of this
important disease.

In this study we have analysed the expression of eight ovine TLR genes in peripheral
blood and several intestinal sites by comparative gPCR to determine if the levels of TLR
expression is modulated in these tissues by disease. We have found significant changes in
the expression of several TLRs at various sites. Additionally there appears to be a
substantial difference in gene expression between lesion grades for some genes. The
implications for diagnosis and pathogenesis of disease will be discussed.
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Modulation of cytokine expression and lymphocyte subsets during the
periparturient period in dairy cows naturally infected with Mycobacterium
avium subsp. paratuberculosis

Karcher EL!, Beitz DC!, Stabel JR?

'Department of Animal Science, lowa State University, Ames, IA 50010, USA; 2USDA-ARS, National
Animal Disease Center, Ames, |A 50010, USA.

ABSTRACT

The objective of this study was to evaluate cytokine gene expression and populations of
lymphocyte subsets in periparturient dairy cows naturally infected with Mycobacterium avium
subsp. paratuberculosis (MAP).

Blood was collected from noninfected, subclinical, and clinical MAP-infected dairy cows
for 3 wks pre- to 4 wk post-calving. Expression of IFN-y, IL-4, and IL-10 declined at calving
compared with prepartum values in both control and infected cows. PBMCs isolated from
infected cows had higher secretion of IFN-y, IL-10, and TGF-B in the postpartum period
compared with control cows. Flow cytometric analysis revealed that subclinical cows
expressed a greater percentage of both CD8" and yd T-cells compared with the clinical cows.
The percentage of CD4" T-cells increased in clinical cows as parturition approached. Clinical
cows expressed lower percentages of CD4*CD5"%" and CD8"CD5""" compared with control
cows, but greater percentages of CD5%™ cells for all lymphocyte subsets.

These data suggest that parturition is a very dynamic time period for host immunity,
with potential for altered immunity to hinder the ability of dairy cows to thwart infectious
diseases.

INTRODUCTION

On-farm observations suggest that dairy cows infected with MAP may demonstrate increased
signs of clinical disease during the weeks following parturition. Parturition has a major impact
on the number of lymphocytes and monocytes in the peripheral blood of healthy cows and
alterations in these percentages play a significant role in the ability of the animal to respond
to infection. The transition from the subclinical to clinical stage of MAP infection is
characterized by a shift from cell-mediated (Th1) immunity to an antibody-mediated (Th2)
humoral response. To date, limited research is available characterizing detailed aspects of
periparturient immunosuppression in the dairy cow. Further, it is not clear what impact this
time period and its associated stressors may have on host immunity in cows with
paratuberculosis. Therefore, the objectives of this study were 1) to characterize cytokine
gene expression and secretion, and 2) to determine percentages of lymphocyte subsets in
periparturient dairy cows naturally infected with MAP.

MATERIALS AND METHODS
Twenty-three Holstein dairy cows were grouped according to infection status. These three
groups consisted of 5 non-infected healthy cows, 14 cows naturally infected with MAP, but
asymptomatic, and 4 naturally infected cows with clinical Johne’s disease. Non-infected
control cows were characterized by repeated negative fecal cultures performed quarterly
over a 3-5 year period and were negative on any serological assays (ELISA, IFN-y)
performed during this period.

Blood was collected from the jugular vein in 2x acid-citrate-dextrose (1:10) at -21, -14, -
7, +1, +7, +14, +21, and +28 days relative to parturition. Peripheral blood mononuclear cells
(PBMCs) were isolated and cells were cultured at 1.4 x 10°/mL in 48-well flat-bottomed
plates with either medium alone (non-stimulated, NS), with concanavalin A (ConA; 10 pug/mL)
or with MAP whole cell sonicate (MPS; 10 pg/mL) added to designated wells. Plates were
incubated for 24 h at 39T in 5% CO , in a humidified atmosphere. After 24 h plates were
removed and centrifuged at 400 x g for 5 min. Supernatants were removed and stored at -
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20<C prior to cytokine measurement. The secretion of IFN-y, IL-10, and TGF- by PBMCs in
the cell culture supernatant was determined by ELISA assay.

For flow cytometric analysis, PBMCs were resuspended in complete medium and 50
WL of the cell suspension was added to wells containing 50 uL of primary monoclonal
antibody to CD4", CD8", yd T-cells, B cells, and CD5. Analysis was conducted by gating on
mononuclear cells based on forward and side scatter characteristics.

RNA was extracted from NS and ConA-stimulated PBMCs using the standard protocol
for Trizol reagent. Total RNA was converted to first strand cDNA. For RT-PCR analysis,
SYBR Green PCR master mixture, template cDNA, and gene-specific primers for IFN-y, IL-
12p35, IL-4, IL-10, and TGF-B were combined in a 20 L reaction mixture . The B-actin gene
was used as the control for calculation of dCt. RT-PCR was analyzed by using the 2%
method. The mean +1 DRTC dCt value within treatment was used as the reference
expression point.

RESULTS AND DISCUSSION

Due to sampling error, we were not able to evaluate the cytokine gene expression data for
the clinical cows in this study. When comparing control and subclinically infected cows,
subclinical MAP infection did not have an effect on the gene expression of IFN-y or IL-12.
However, ConA-stimulated PBMCs from subclinical cows (14.36 ng/ml + 1.6) tended (P <
0.06) to secrete more IFN-y compared with the control cows (8.30 + 2.2). Previous work in
our laboratory showed that subclinical JD cows had greater IFN-y expression compared with
clinical cows (Stabel, 2000). Parturition had a significant effect on IFN-y expression with
declines in IFN-y expression by NS (P < 0.05) (Fig. 1A) and ConA-stimulated (P < 0.01)
PBMCs from both infection groups as parturition approached. This is in agreement with
previous studies reporting a decline in Thl cytokines at parturition (Shafer-Weaver et al.,
1999). Interleukin-12 expression was not effected by infection or parturition (data not shown).
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In addition to understanding the effects of parturition and MAP on the Th1 cytokines,
we also sought to determine the role of the classical Th2 cytokines. In the current study,
there was no effect of parturition or MAP infection on gene expression of Th2 or Th3
cytokines. Despite minimal differences in TGF-B expression, NS (Fig. 2A) and MPS-
stimulated PBMCs isolated from clinical cows secreted (P < 0.05) more TGF-8 during the
immediate postpartum period compared with subclinical and control cows. In NS, PBMCs,
control cows had greater (P < 0.01) IL-10 expression during the postpartum period (Fig. 1B).
MPS-stimulated PBMCs from infected cows tended (P < 0.09) to have secreted more IL-10
than did the control cows at calving and during the postpartum period (Fig. 2B). Others have
reported upregulation of IL-4 during the postpartum period, but this effect was not observed
in the present study (Fig. 1C) (Shafer-Weaver and Sordillo, 1997).
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The number of CD4" T-cells in the peripheral blood averaged 21.6% + 2.1, 24.3% +
1.3, and 25.7% = 2.4 for control, subclinical, and clinical cows, respectively, with no
differences noted between infection groups (Fig. 3A). The percentage of CD8" T-cells (Fig.
3B) ranged from 10-22% which is equivalent to published values for adult dairy cattle (Meglia
et al., 2005). An interactive effect of infection group and parturition (P < 0.01) was observed
with subclinically infected cows expressing 2-fold higher percentages of CD8" cells in the
postpartum period. The percentage of yd T-cells is greatest in the calf (40%) and gradually
declines to approximately 5% of adult PBMCs (Hein and MacKay, 1991). In our study, clinical
cows had much lower (P < 0.01) percentage of yd T-cells compared with subclinical and
control cows (Fig. 3C). An increase in this cell population was noted as parturition
approached. In advanced stages of JD, antibody production by B-cells does little to protect
the host from progressive MAP infection. Overall, neither infection status of the cows nor
parturition had an effect on the overall percentages of B cells (data not shown).

CD5 is expressed on all bovine T cells and a subset of B cells. Both CD5 bright and
dim populations were examined as a percentage of marker positive lymphocyte subsets. For
CD4", CD8", and B cell subsets, clinical cows expressed the lowest percentage of CD5Pa
cells (P < 0.01) and the greatest percentage of CD5%™ cells compared to the control (P <
0.05). B-cells expressing CD5 are capable of producing the Th2 cytokine, IL-10 (Gieni et al.,
1997). The increased proliferation of CD5%™ B cells by clinical Johne’s cows may directly
inhibit the cell-mediated immune response by altering the cytokine microenvironment in favor
of a Th2 response.

CONCLUSION

Results of this study indicate that parturition modulates IFN-y and IL-10 expression in dairy
cows. Furthermore, the percentages of both lymphocyte subsets and mononuclear cells are
modulated by natural infection with MAP and by the periparturient period.
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Paratuberculosis has been suspected to have a genetic component and estimations of
heritability of about 0.15 have been reported. Caspase recruitment domain 15
(CARD15/NOD?2) is a gene codifying for a cytosolic protein implicated in bacterial recognition
by cells involved in innate immunity. This protein modifies inflammatory responses to
bacterial triggers through activation of the nuclear factor-kB. Crohn’s disease (CD) is an
idiopathic inflammatory bowel disease in humans similar in many features to bovine
paratuberculosis and involves an aberrant mucosal immune response in genetically
susceptible individuals. The association between mutations in the CARD15/NOD2 gene and
increased risk of CD has been described.

The objective of this candidate gene case-control study was to characterize the
distribution of two polymorphisms in the bovine CARD15/NOD2 gene and test their
association with paratuberculosis infection in Florida dairy and beef cattle.

The study population consisted of 432 adult cows composed of Holstein, Jersey and
Brahman-Angus crosses distributed in four herds. The infection status for cases and controls
was determined using five diagnostic tests (serum ELISA, milk/blood/fecal nested PCR, and
fecal culture). Parallel interpretation of the results was used to compensate for limitations in
sensitivity of available diagnostic tools.

Two previously reported single nucleotide polymorphisms (SNP1; C733R and SNP2;
Q1007L) in the bovine CARD15/NOD2 gene, responsible for two amino acid substitutions,
were established for the study population by the TagMan® genotyping assay. The statistical
analysis was based on Chi-square and Fisher’s Exact Test and different models were
proposed for the logistic regression analysis.

It was our central hypothesis that a combination of particular alleles in our candidate
gene would be present in higher frequency in controls compared to cases, suggesting a role
in resistance to infection. The resulting ratio of cases to controls was 1:2.5. Frequencies for
the major allele in SNP1 and SNP2 were 0.957 and 0.543, respectively. The population was
in Hardy-Weinberg equilibrium for SNP2 but not for SNP1. Values for coefficient of linkage
disequilibrium (LD), the normalized LD, and the correlation between the two SNPs were -
0.027, 1.0, and -0.23. Chi square test indicated that SNP1 and SNP2 are in linkage
disequilibrium.

The statistical analysis resulted in significant differences in allelic frequencies between
cases and controls for SNP1 (p<0.001) indicating a significant association between infection
and mutant allele. In the analysis of genotypes a significant association was found between
SNP1 and infection status (P<0.0001). A significant association between allele combinations
and infection status was found (P<0.0001) when both SNPs were considered in the
genotype. The low representation of the variant allele for SNP1 in Holstein and Jersey
breeds raises the prospect of a potential confounding role of breed for its connection with
infection. However, a significant association between SNP1 and infection was confirmed
when tested within the Brahman-Angus sub-population (P=0.02). Preliminary results suggest
a role for CARD15/NOD?2 gene in the susceptibility of cattle to paratuberculosis infection.
Amino acid substitution C733R (SNP1) appears to be associated to paratuberculosis
infection in Florida cattle. These results could be the basis for further research to create a
rapid method to select for more resistant individuals, genetically contributing to the control of
Johne's disease.
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INTRODUCTION

Mycobacteria, and particularly Mycobacterium avium complex (MAP), are a closely related
group of microorganisms that do not readily lend themselves to identification or
differentiation. The M. avium complex includes the closely related species M. avium subsp.
avium (M. avium), M. avium subsp. paratuberculosis (M. paratuberculosis), M. intracellulare,
as well as the wood pigeon bacillus (M. silvaticum). This complex is characterized by over
90% similarity at the nucleotide level, but its members differ widely in terms of their host
tropisms, microbiological and disease phenotypes, and pathogenicity. Members of the M.
avium complex are associated with animal and human diseases including infections of the
lung, lymph nodes, skin, bones, and gastrointestinal and genitourinary tracts (Karakousis et
al., 2004; Katoch, 2004; Lauzi et al., 2000).

In recent years, the M. avium complex has assumed greater importance in human
medicine, largely because it represents often intractable infections in AIDS patients and also
because of the possible association of Crohn's disease with M. paratuberculosis (Karakousis
et al., 2004; Lauzi et al, 2000). M. paratuberculosis is the causative organism of Johne's
disease (or paratuberculosis), a debilitating chronic gastroenteritis in ruminants (Harris and
Barletta, 2001; Lauzi et al, 2000). Crohn's disease is also a chronic inflammation of intestines
and exhibits pathology similar to that of Johne's disease in ruminants. Several studies have
associated M. paratuberculosis with some Crohn's disease cases (Bull et al., 2003; Schwartz
et al., 2000). Although strain sharing has been documented (Ghadiali et al., 2004), the
evidence for a link remains controversial as a causal role of M. paratuberculosis has not
been demonstrated (Greenstein, 2003; Harris and Lammerding, 2001).

Johne's disease is now recognized to be of serious economic and animal health
consequences in domesticated ruminant species (primarily dairy and beef cattle, sheep and
goats) throughout the world (Lauzi et al., 2000; Whittington and Sergeant, 2001). Johne's
disease has the greatest economic impact in dairy cattle, where premature culling, reduced
carcass value, decreased weight gain and milk production can result from infection.

The advent of diagnostic probes based on specific bacterial DNA sequences has
allowed fastidious microorganisms, such as M. paratuberculosis, to be rapidly identified. This
strategy requires the identification of a DNA sequence present only in M. paratuberculosis
but not in M. avium or other closely related mycobacteria. Initially, this approach was based
on Southern hybridization analysis, but soon thereafter PCR tests based on these principles
were developed (Vary et al., 1990). The unique regions of the M. paratuberculosis genome
most widely used for PCR are the 16S rRNA gene and the insertion element 1IS900
(Ellingson et al., 2000). In general, PCR analysis has been unable to match the sensitivity of
faecal culture for identifying small numbers of bacteria but attempts to increase the sensitivity
of diagnostic tests have yielded promising results.

The field of proteomics was established over a decade ago with the development of
simply mass spectrometry-based protein sequencing methods coupled with methods to
resolve protein mixtures using a variety of gel-based and chromatographic techniques. The
critical parameter that has dictated the success or failure of this field is the ability to resolve
individual proteins in complex mixtures. One of the most effective ways to separate proteins
in a complex mixture is by the use of two-dimensional (2D) gel-based electrophoretic
separations (Pandey and Mann, 2000). Using these methods proteins are separated
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according to net charge in the first dimension (isoelectric focusing, IEF) and by molecular
weight in the second dimension (SDS-PAGE) (O’Farrel, 1975). 2DE has the ability to resolve
a large number of proteins including those with post-translational modifications (which often
cause a change in charge and/or apparent molecular weight) as well as unique forms of
proteins that result from differential mMRNA splicing or proteolysis (Anderson and Anderson,
1998; Cordwell, 2001). Following separation on 2D gels, proteins are stained to allow
visualization, excised as gel pieces and digested in-gel with trypsin. The resulting tryptic
peptides can then be extracted from the gel slice and sequenced using mass spectrometry-
based sequencing methods followed by identification of proteins by database searching. In
general, 2DE-MS methods are used for two primary purposes: reference mapping and
protein expression profiling.

In this study, 2D PAGE was used as a tool to investigate either the sera then milk from
infected and healthy animals to evidence potential biomarkers of diseases at early state.

MATERIALS AND METHODS

Blood samples were collected in a red-top BD vacutainer tubes containing no preservatives
or anticoagulant. The samples were allowed to clot or to sediment at room temperature for 1
h, and centrifuged at 4C, 1500 x g for 15 minute s, divided into three aliquots of 100 pL
each one and immediately stored at -80C until use. After being unfrozen, the samples were
centrifuged (15 minutes, 4T at 14000g) and the res ulting supernatant was diluted in a
solution containing 8M urea, 4% CHAPS, 1% DTT, 15mM Tris, 2% Ampholine pH 3.5-10 and
left to incubate under stirring for 2 hours at room temperature. Subsequently, 300uL of the
same solution for sample dilution was used to rehydrate IPG-Strips pH 3-10NL 18 cm long
(Amersham Biosciences). After 9 hours of rehydration, isoelectrophocusing was performed
on an IPGPhor Il (Amersham Biosciences) up to a total of 80 kV/h. Following equilibration,
IPG-Strips were transferred on a SDS-PAGE gel (acrylamide gradient 9-16%) for second
dimension separation through a Protean Il xi 2-D Cell (Biorad). Finally, gels were stained by
silver nitrate (analytical gels) and by colloidal Coomassie G-250 (mass compatible). After
acquisition of the digitalized gel images, image analysis has been performed by Image
Master 2D Platinum (Amersham Biosciences) or PD quest (BIORAD) and the different
expression proteins will be identified by mass spectrometry (MALDI-TOF and MS/MS). For
milk samples, fresh milk, after a brief centrifuged (10000g, 4C, 5 min) was incubated in a
solution contain 7 M urea, 2M thiourea, 4%CHAPS, 2% Ampholites, 1%DTT. Following
analysis had been the same of the blood samples (D’Auria et al, 2005).

RESULTS AND DISCUSSION
Serum proteomics
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2D map of bovine serum

Image analysis of serum proteome from healthy and paratuberculosis infected bovine
showed an increased expression of immunoglobulin IgM, IgG light chain, IgG heavy chain,
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and a transthyretin decrease. In both gels about 435 spot proteins were detected and only 35
did not match each other. Blu: healthy; Violet: affected.

Milk proteomics
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Quantitative analysis of coomassie-stained gels of milk from infected (left) and healthy (right)
bovine has shown major differences in the area with pH 4.5. Our results (table) have shown
that caseins and 1gG are most abundant in milk from infected bovines that in controls milk
while albumin is most represented in healthy milk.

So, proteomic analysis revealed unexpected results in term of total quantity of caseins;
in serum transtyretyn increases in concentration in affected animals; this parameter will be
further explorer to evaluate post translational modifications. PT modifications of proteins may
be a useful early diagnostic tools.

REFERENCES

Katoch VM, 2004. Infections due to non-tuberculous mycobacteria (NTM), Indian J Med Res,
120, 290-304.

Lauzi S, Pasotto D, Amadori M, Archetti IL, Poli G, Bonizzi L, 2000. Evaluation of the
specificity of the gamma-interferon test in Italian bovine tuberculosis-free herds. Vet. J.
160, 17-24.

Karakousis PC, Moore RD, Chaisson RE, 2004. Mycobacterium avium complex in patients
with HIV infection in the era of highly active antiretroviral therapy. Lancet Infect Dis, 4,
557-565.

Harris NB, Barletta RG, 2001. Mycobacterium avium subsp. paratuberculosis in veterinary
medicine, Clin Microbiol Rev, 14, 489-512.

Bull TJ, McMinn EJ, Sidi-Boumedine K, Skull A, Durkin D, Neild P, Rhodes G, Pickup R,
Hermon-Taylor J, 2003. Detection and verification of Mycobacterium avium subsp.
paratuberculosis in fresh ileocolonic mucosal biopsy specimens from individuals with
and without Crohn's disease. J Clin Microbiol, 41, 2915-2923.

Schwartz D, Shafran I, Romero C, Piromalli C, Biggerstaff J, Naser N, Chamberlin W, Naser
SA, 2000. Use of short-term culture for identification of Mycobacterium avium subsp.
paratuberculosis in tissue from Crohn's disease patients. Clin Microbiol Infect, 6, 303-
307.

Ghadiali AH, Strother M, Naser SA, Manning EJ, Sreevatsan S, 2004. Mycobacterium avium
subsp. paratuberculosis strains isolated from Crohn's disease patients and animal
species exhibit similar polymorphic locus patterns. J Clin Microbiol, 42, 5345-5348.

Greenstein RJ, 2003. Is Crohn's disease caused by a Mycobacterium? Comparisons with
leprosy, tuberculosis, and Johne's disease, Lancet Infect. Dis, 3, pp. 507-514.

Harris JE, Lammerding AM, 2001. Crohn's disease and Mycobacterium avium subsp.
paratuberculosis: current issues, J Food Prot, 64, 2103—-2110.

Whittington RJ, Sergeant ES, 2001. Progress towards understanding the spread, detection
and control of Mycobacterium avium subsp. paratuberculosis in animal populations,
Aust Vet J, 79, 267-278.

40



Proceedings of 9ICP - 2007

Vary PH, Andersen PR, Green E, Hermon-Taylor J, McFadden JJ, 1990. Use of highly
specific DNA probes and the polymerase chain reaction to detect Mycobacterium
paratuberculosis in Johne's disease. J Clin Microbiol, 28, 933-937.

Ellingson JLE, Stabel JR, Bishai WR, Frothingham R, Miller JM, 2000. Evaluation of the
accuracy and reproducibility of a practical PCR panel assay for rapid detection and
differentiation of Mycobacterium avium species. Mol Cell Probes, 14, 153-161.

Pandey A, Mann M, 2000 Proteomics to study genes and genomes. Nature, 405, 837-46.

O'Farrel PH, 1975. High resolution two-dimensional electrophoresis of proteins. J Biol Chem,
250, 4007-21.

Anderson NL, Anderson NG, 1998. Proteome and proteomics: new technologies, new
concepts, and new words. Electrophoresis, 19, 1853-1861.

Cordwell SJ, 2001. Comparative proteomics of bacterial pathogens. Proteomics, 1, 461-472.

D'Auria E, Agostoni C, Giovannini M, Riva E, Zetterstrom R, Fortin R, Greppi GF, Bonizzi L,
Roncada P, 2005. Proteomic evaluation of milk from different mammalian species as a
substitute for breast milk. Acta Paediatr, 94, 1708-1713.

41



Proceedings of 9ICP - 2007

Innate resistance of mice to M. avium subsp. paratuberculosis
is controlled by Slcllal

Rosseels V!, Roupie V*, Piersoél V', Zinniel DK?, Barletta RG?, Huygen K*

'Mycobacterial Immunology, IPH-Pasteur Institute, 642 Engelandstraat, B1180 Brussels, Belgium;
’Department of Veterinary and Biomedical Sciences, University of Nebraska, Lincoln, Nebraska,
68583-0905, USA

ABSTRACT

A luminescent M. paratuberculosis (MAP) expressing the luxAB genes of Vibrio harveyi has
been recently developed to avoid fastidious and costly enumeration of CFU by plating. Here
we have re-evaluated the effect of Slcl1lal (formerly Nrampl) polymorphism on susceptibility
against MAP, using this luminometric method. A series of inbred mouse strains were infected
intravenously with luminescent MAP S-23 and monitored for bacterial replication in spleen,
lungs and liver for 12 weeks.

The results indicate that, as for M. avium subsp. avium, innate resistance to infection is
genetically controlled by Slc1lal. In BALB/c and C57BL/6 mice (both Slc11al®) bacterial
numbers in spleen remained stable during the infection, whereas in BALB/c congenic C.D2
mice (Slc1lal") and in (C57BL/6xDBA/2) F; (Slc11al1®") the bacterial number had decreased
more than tenfold during the first month. At later time points, additional differences in
bacterial replication were observed among the susceptible mouse strains. Whereas bacterial
numbers in the liver gradually decreased in C57BL/6 mice between week 4 and week 12,
bacterial numbers remained more or less constant in liver from BALB/c mice.

INTRODUCTION

Natural resistance of mice to nontuberculous mycobacterial infections caused by M. simiae,
M. intracellulare, M. avium subsp. avium and the attenuated tuberculosis vaccine strain M.
bovis BCG is controlled by the natural resistance-associated macrophage protein
(NRAMP1), now called SLC11A1. Sicllal gene is expressed in late endosomes of
macrophages derived from spleen and liver in which it regulates their antimicrobial activity. In
mice, this gene presents two allelic forms, one encoding an aspartic acid at position 169
(Slc11a1®, conferring susceptibility) and the other encoding glycine at this position (Slc11al',
conferring resistance). This integral membrane protein is highly conserved. Several studies
have demonstrated that SLC11A1 protein is involved directly or indirectly in the maturation
process of the phagosome by transport of bivalent cations (such as Fe**, Mn** or Mg®")
(Vidal et al., 1993). It is still not completely elucidated how SLC11A1 controls the replication
of intracellular parasites.

The role of Slcll1al in susceptibility to MAP, the etiological agent of bovine
paratuberculosis or Johne’s disease, is less clear and has been studied mostly in the context
of Crohn'’s disease. Mice are generally considered to be resistant to MAP and unsuitable for
the study of this intestinal pathogen of cattle, goat, sheep and wild-life ruminants (Harris and
Barletta, 2001). Some authors have reported on genetic variations in susceptibility of mice to
MAP infection, but in these studies bacterial replication was analyzed by measuring hepato-
or splenomegaly (Frelier et al., 1990; Tanaka et al., 194) not by actual enumeration of
bacteria. The latter technique is seriously hampered by the fact that MAP requires 6-8 weeks
of culture before colonies can be counted visually.

We have recently reported on the development of a luminescent M. paratuberculosis
isolate that expresses the luxAB genes of Vibrio harveyi introduced by transformation with
the shuttle plasmid pSMTL1 (Rosseels et al., 2006). In this study, we have used this
luminescent MAP isolate to re-evaluate the role of Slcllal in the susceptibility of a series of
inbred mouse strains to intravenous MAP infection.
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MATERIALS AND METHODS

Mice

Male BALB/c and C57BL/6 mice (both strains expressing the susceptible Slc11al® allele),
BALB/c.DBA/2 (C.D2) congenic mice (strain expressing the resistant Sic11al’ allele from
DBA/2 origin on a BALB/c background) and heterozygous (C57BL/6xDBA/2)F1 mice were
bred at the Pasteur Institute Animal Facilities. C.D2 mice were bred from breeding couples
kindly given to us by Dr. E. Skamene (McGill University, Montreal, Canada). All mice were 2-
3 months old at the time of infection.

Luminescence assay
The number of bioluminescent bacteria was determined using a bioluminescence assay with
a Lumat LB 9507 luminometer (Berthold Technologies) and 1% n-decanal (Sigma) in ethanol
as substrate (Rosseels et al., 2006). In this assay, only live bacteria are enumerated,
because emission of light is dependent on the presence of reduced flavin mononucleotide
(FMNHZ2), co-factor which is only found in living cells. The ratio CFU/ Relative Light Unit
(RLU) for exponentially growing axenic MAP cultures was determined to be 1.2.

For statistical analysis (one way ANOVA, Tukey's Multiple Comparison Test), results
obtained in RLU were converted to log10 RLU per organ.

Infection of mice

Luminescent MAP S-23 (Rosseels et al., 2006) was grown in Middlebrook 7H9 medium
supplemented with OADC, mycobactin J (Allied Laboratories Inc, Synbiotics Europe, 2ug/ml)
and hygromycin (100 pg/ml), to an O.D. between 0.6 and 0.8. Bacteria were centrifuged for
30 minutes at 2000 rpm, suspended in PBS to a concentration of 14 x106 RLU/ml and mice
were infected intravenously in a lateral tail vein with 0.1 ml of bacteria.

RESULTS

Replication of luminescent M. paratuberculosis S-23 in mice carrying the slc11al®
susceptibility or the slc11al’ resistance allele.

In order to determine the influence of slcl1al gene on the susceptibility to MAP infection,
animals from four inbred mouse strains were infected intravenously with 1.4x10° RLU of
luminescent M. paratuberculosis S-23 and monitored during 12 weeks for bacteria replication
in spleen, lungs and liver. As shown in Fig 1, heterozygous (C57BL/6xDBA/2) F; mice and
C.D2 congenic mice (expressing the resistant allele of DBA/2 origin on a BALB/c
background) eliminated MAP rapidly, whereas BALB/c and C57BL/6 mice expressing the
susceptible allele showed a persistent infection. In liver and spleen, higher RLU counts were
measured than in lungs. At week 4 post-infection, SLC11al® mice showed ten- to one
hundred fold higher RLU numbers in the liver and spleen than mice expressing the resistant
slc1lal’ allele (p < 0.001).

Between week 8 and week 12 further differences between strains expressing the
susceptible phenotype were detected. In the spleen of BALB/c mice, bacterial number
decreased slightly but increased again up till week 12, whereas in B6, splenic bacterial
number remained stable. In the liver of B6 mice, RLU counts gradually declined by week 12
to levels almost comparable to levels in resistant mice. In contrast, the number of bacteria in
liver decreased much more slowly in BALB/c mice. Finally, Slc11al® mice showed similar
(very low) RLU counts in the lungs as resistant Slc11al" mice.
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Fig. 1. Susceptibility of four inbred mouse strains to intravenous infection with luminescent M.
paratuberculosis S-23. Mice were sacrificed at week 4, 8 and 12 weeks after infection and the number
of mycobacteria in spleen, liver and lungs was determined by luminometry. Results are reported as
logig RLU values/organ (mean + SD of five to six mice/group tested individually). Cut-off value (dotted
line) has been evaluated by quenching quantification using organs from non infected mice.

DISCUSSION

Although genetic variation in susceptibility to MAP has been reported in cattle and red deer
(Hines et al., 2004), the actual role of Slcllal polymorphisms in target species of Johne’s
disease is not clear. Some studies in sheep have shown associations of particular
polymorphisms in this gene with susceptibility or resistance to infection (Reddacliff et al.,
2005).The role of Slcllal in susceptibility of mice to MAP infection is not fully elucidated
either. Chiodini and Buergelt (1993) compared three susceptible Slc11al® mouse strains
(BALB/c, C57BL/6 and C57BL/10) using the LINDA strain isolated from a Crohn’s disease
patient. This study indicated that the reduction in bacterial burden was associated with the
development of caseous necrotic lesions. Later, Veazey et al. (1995) compared actual colony
forming units (CFU) counts in MAP infected C57BL/6 and C3H mice, which express the
susceptible and resistant Slc11al alleles respectively, but which also differ at numerous
other loci.

Here we have extended these studies and demonstrated by an easy luminometric
method that Slc1lal polymorphism indeed exerts a strong genetic influence on the innate
susceptibility of mice to intravenous infection with MAP S-23, as indicated by a clear
difference in bacterial replication in the spleen and liver between Sic11al® and Slcl1lal'
mice.

Whereas initial resistance of mice to M. paratuberculosis appears to be controlled
exclusively by Slcllal, at later stages additional factors play a role in mice expressing the
susceptible Slc11al® allele, particularly at the level of liver replication. Additional work is

44



Proceedings of 9ICP - 2007

needed to define the precise immune mechanisms involved at these later stages of M.
paratuberculosis infection in susceptible BALB/c mice.

CONCLUSION
Experimental MAP infection and vaccination studies are seriously hampered by technical
problems. Indeed, M. paratuberculosis is a slow growing mycobacterial species and
determining the number of colony forming units (CFU) in organ homogenates has so far
consisted of labourintensive plating experiments on expensive mycobactin-supplemented
Middlebrook agar.

Here we have shown that a luminescent M. paratuberculosis isolate can facilitate these
studies and could be of great benefit for future experimental M. paratuberculosis studies in
vivo.
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INTRODUCTION

Classical methods such as treatment and vaccination can scarcely control Johne’s disease,
so another control strategy is necessary. The implications of environmental factors in
infection development are widely acknowledged, but to achieve optimal disease prevention,
we also need to take genetic factors into account, since some genetic variants provide
animals with a resistance or susceptibility to infection.

Our approach to eradicating paratuberculosis, or at least to reducing its presence, is to
increase this genetic resistance among animals. To that end, genes implicated in disease
development must be identified. Then, animals can be selected based on their genetic
resistance, so as to obtain yet more resistant animals and spread this resistance to the rest
of the population through breeding.

Our main objective is to identify genetic resistance markers to paratuberculosis disease
in cattle so as to determine genetic resistance patterns within improvement programs. In that
sense, recognising the polygenic nature of disease is fundamental. Different common alleles
with low or moderate effect on the infection could be responsible for the resistance or
susceptibility of an animal to infection.

In recent years, studies in animal models, humans and livestock have indicated the role
played by the genes involved in innate immunity against pathogens in resistance to infectious
diseases. Of those genes, we selected Nrampl and Card15.

Nrampl is located in the BTA2 and comprises 15 exons. It codifies a membrane protein
that works as an ion channel in phagosomes of macrophages and in neutrophils. Its function
in relation to the innate immune system is to impair bacterial growth in the host. There is a
considerable bibliography on genetic association between Nrampl and intracellular
infections in mammals (Adams and Templeton, 1998; Bellamy et al., 1998; Vidal et al.,
1995), but not so much regarding cattle. In our previous work focusing on Nramp1l, a
microsatellite in the 3'UTR region called HORIN was analysed in a case-control study. The
results suggested a genetic association between this polymorphism and resistance to
paratuberculosis in Friesian cattle (Estonba et al., 2005).

Bovine Card15 is located in BTA18 and comprises 12 exons. It encodes an intracellular
receptor whose function lies in recognising pathogen components and subsequently
activating NF-kB in the cell, linked to the apoptotic pathway in response to the pathogen. The
human Card15 gene has been identified as the first susceptibility gene-and indeed an
important one- for Crohn’s disease in humans (Hugot et al., 2001; Ogura et al., 2001). But
there is hardly any information about the putative relationship between Card15 and Johne’s
disease.

OBJETIVES

Our objectives in the present work were to confirm the previously observed association
between the Nramp1 gene and resistance to infection by MAP in an independent sample and
new genetic markers, Single Nucleotide Polymorphisms (SNPs), and to analyze another
putatively associated gene, Card15, with the same type of markers.

MATERIALS AND METHODS

This work was performed in two steps: first several SNPs were selected from both genes,
and then a genetic association study was conducted on them. DNA from all animals was
obtained using “QlAamp Mini Kit” (Qiagen). Genetic Analyzer 3100 Avant and Genetic

46



Proceedings of 9ICP - 2007

Analyzer 3130xI instruments (Applied Biosystems) were used to detect sequences for SNP
discovery and individual genotypes for genetic association study.

SNP selection
Various tools were used for SNP selection: searches in literature and various databases
(IBISS, NCBI, Ensemble, Animal Genome), and also new SNP discovery by comparative
sequencing for Nrampl. For new SNP detection DNA samples from 14 different cattle breeds
were used, almost all of them from Bos taurus species (Blonde, Limousin, Holstein Friesian,
Gelbrieh, Red Angus, Jernsey, Guernsey, Salers, Pirenaica, Terrefia, Betizu, and Monchina),
except two crossbred with Bos indicus (Beefmaster and Brangus).

The sequences obtained from different breeds were compared with Nrampl sequence
from Ensemble database (Btau_3.1) using SeqScape shoftware (Applied Biosystems).

Case-control genetic association study

For the genetic association study all animals were selected from several naturally infected
herds of friesian cattle. Their classification as susceptible or resistant to infection by MAP

was determined by the ELISA method. A total of 136 control or resistant animals and 137

case or susceptible animals were analysed.

SNPlex technology and GeneMapper software were used to genotype the SNPs for all
animals. Statistical analyses were performed first within herds, and secondly taking all the
case and control animals together. They were conducted by comparing allele frequencies at
two levels: individual SNPs and haplotypes, both of them with Haploview statistical software
(Barrett et al., 2005), as well as the calculation of D’ and r? parameters to analyse the linkage
disequilibrium (LD) between different polymorphisms. The confidence intervals method was
used to define blocks (Gabriel et al., 2002).

RESULTS

SNP selection

For SNP selection a total of 52 SNPs were studied on Nrampl. Twentyeigth of them were
newly discovered in this gene. These new SNPs are mainly distributed along non codificant
regions of the gene: 8 in the promotor region, 8 in different intronic regions and 9 in the
3'UTR region. Only 3 of the 28 are located in codificant regions. In Card15 a total of 17 SNPs
were studied, all of them resulting from bibliographical (Taylor et al., 2006) and database
searches.

Based on different criteria such as SNP frequency (MAF>0.01), Hardy Weinberg
equilibrium and some methodological issues, 13 polymorphic SNPs were selected for the
subsequent genetic association study in Nrampl1 and 5 polymorphic SNPs for the same
study in Card15.

Genetic association study

In Nramp1, SNP N23 was found to be genetically associated with resistance to the infection
(p=0.0478), considering all the herds together. The frequency of the minor allele, T, was
significantly higher among control animals than among case animals, so it could be
considered as a “resistance allele”.

For the LD analyses data concerning the HORIN microsatellite previously analysed
were included. The results showed strong LD between 7 genetic markers (Fig. 1). D’ and r?
parameters were calculated: D’=1 for all the polymorphism pairs with an average of r>=0.40.

These linked polymorphisms define a haplotype block. In this haplotype block, 5
different haplotypes were detected in our population and their frequencies were compared
between cases and controls. Haplotype 4 showed a significantly higher presence among
control animals than among case animals, suggesting a genetic association between this
haplotype in Nramp1 and resistance to the infection (Table 1).
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Fig. 1. LD and haplotype blocks in Nrampl1

Table 1. Different haplotypes of the Nramp1 gene, their frequencies in the population in
general, cases and controls, and p value for the genetic association.

Haplotype Frequenqy in Case/conf[rol p-value
population frequencies

Haplotype 1 0.707 0.738, 0.661 0.6201

Haplotype 2 0.107 0.124, 0.082 0.8155

Haplotype 3 0.085 0.083, 0.089 1.0000

Haplotype 4 0.075 0.028, 0.146 0.0002

Haplotype 5 0.025 0.028, 0.022 1.0000

A genetic association was also detected between SNP C12 of Card15 and resistance
to infection in one of the herds (p=0.0085). For this SNP, the frequency of the G allele was
significantly higher in control animals than in case animals. Taking all the herds together
SNP C25 was also found to be genetically associated with resistance to paratuberculosis
(p=0.0017). The minor allele, T, is significantly more frequent among control animals.

A linkage disequilibrium analysis showed 4 SNPs linked in Card15 (Fig. 2). The D’ value was

1 with an average of r’=0.26. These linked SNPs form a haplotype block in the gene that
shows 5 different haplotypes in our population. Haplotype 3 of Card15 has a significantly
higher frequency in control population (Table 2), suggesting a genetic association with
resistance to infection.
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Fig. 2. LD and haplotype blocks in Card15
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Table 2. Different haplotypes of the Card15 gene, their frequencies in the population in
general, cases and controls, and p value for the genetic association.

Haplotype Frequency in Case/control p-value
population frequencies

Haplotype 1 0.410 0.433, 0.386 0.9039

Haplotype 2 0.236 0.277, 0.195 0.1642

Haplotype 3 0.145 0.096, 0.196 0.0063

Haplotype 4 0.141 0.137,0.145 1.0000

Haplotype 5 0.067 0.057, 0.078 0.9750

CONCLUSION AND FUTURE STEPS

It is widely known that Nrampl and Card15 genes work as a first defense barrier of host
against pathogens such as mycobacteria, so mutations in their structure or function may
result in a higher resistance to infection. Our results confirm that these two genes play a role
in the resistance mechanism against Johne's disease.

That being so, we must next direct our efforts toward understanding what function
these polymorphisms may have in gene functionality or genetic expression, or even in
protein structure. Furthermore, due to the polygenic nature of the disease, further candidate
genes will also be analysed for their putative genetic association with resistance to infection
by MAP.
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ABSTRACT

There is a critical need for a ruminant infection model that can reproduce the progression
from subclinical to clinical disease, thereby following a pattern of infection commonly
recognized in the field.

The objective of this study was to evaluate different methods of infection (oral, oral with
dexamethasone pre-treatment, and intraperitoneal) of neonatal calves with either a
laboratory-adapted K-10 strain or a clinical isolate of Mycobacterium avium subsp.
paratuberculosis (MAP) on the pathogenesis of infection.

Calves given the clinical isolate of MAP shed higher numbers of bacteria in their feces
for up to 4 months post-inoculation with only sporadic shedding noted for calves given the K-
10 strain. Fecal PCR results mirrored the culture results with infrequent positive reactions
after the first 4 weeks of infection, regardless of infection group. Colonization was present in
a number of intestinal tissues and lymph nodes with the lowest number of affected tissues in
the IP calves and the highest for calves orally dosed with the clinical isolate. Similarly,
histopathologic lesions were predominantly found in the ileal and jejunal sections and their
associated lymph nodes. Strain typing of the 2 isolates before and after calf infection showed
that neither strain of MAP changed genotype in the host but that the genotypes were different
for the laboratory-adapted and clinical strains.

These data suggest that oral inoculation remains the most effective method of
experimental infection for MAP and that inoculation with a recent clinical isolate of MAP may
induce more clinical signs.

INTRODUCTION

Animal models are useful to gain in-depth knowledge of the host immune response after
infection with pathogens in a controlled environment. In addition, a successful animal model
that mimics the natural disease state provides a testing platform for vaccine candidates and
therapeutic agents. Various animal models for paratuberculosis have been developed and
studied, including cattle, sheep, goats, deer and other wildlife, as well as rodents such as
mice, rats, and rabbits. Attempts to develop a calf model of infection that will transition from
subclinical to clinical infection in a more appropriate period of time (12 months or less) have
failed (Stabel et al., 2003; Uzonna et al., 2003; Waters et al., 2003). The majority of these
studies have achieved infection by oral inoculation to simulate uptake of the bacteria in the
field via fecal-oral transmission. Oral inoculation of calves has successfully resulted in a
subclinical infection model but has rarely resulted in the transition to clinical disease. This
has dictated that we approach the development of an experimental infection model by
incorporating alternate approaches to meet this need.

MATERIALS AND METHODS

Treatment groups consisted of: 1) Control, n = 4; 2) Oral, n = 4; 3) Oral/dexamethasone
(Oral/DXM), n = 4; 4) Intraperitoneal (IP), n = 4; and 5) Oral/mucosal (Oral/M), n = 3. The
Oral and Oral/DXM groups were fed milk replacer containing 1 x 10'° live M. avium subsp.
paratuberculosis, strain K-10, 2x per day for 14 consecutive days. The Oral/DXM group were
treated exactly the same as the oral group except the calves were administered 0.25 mg/kg
BW dexamethasone 1V for 3 days prior to bacterial challenge and on days 28 and 56 post-
challenge. Intraperitoneal inoculation of calves was performed days 0, 7, 14, and 21 of the
study. The Oral/M calves were inoculated by feeding milk replacer containing live M. avium
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subsp. paratuberculosis obtained by scraping the ileal mucosa from a clinically infected cow
on days 0, 7, and 14 of the study.

Fecal samples (2 g) were processed by the centrifugation and double-decontamination
method previously described (Stabel, 1997). Culture of tissue samples was performed on
HEYM by standard method. DNA was extracted from fecal samples using a MoBio kit and
tissue DNA was extracted using a modification of the Qiagen DNA/RNA kit. Fecal and tissue
DNA was subjected to 2-step nested real-time PCR with ISMap02 gene as the target.
Sections of tissue were fixed in formalin, paraffin-embedded, stained with hematoxylin and
eosin and Ziehl-Neelsen, and examined by light microscopy for lesions and cellular infiltrates.
To determine if host-pathogen interactions affect the stability of MAP short sequence repeat
loci (SSRs), individual colonies of MAP were analyzed by a method previously described
(Harris et al., 2006).

RESULTS

Fecal culture and PCR data demonstrated that calves in the oral inoculation groups
experienced shedding on days 7, 14, 21, and 28, indicative of “pass-through” shedding that
is typically observed after large oral boluses of bacteria are administered (Table 1). Shedding
was minimal and infrequent over the course of the study for calves in the Oral, Oral/DXM,
and IP treatment groups. Calves in the Oral/M group shed high numbers of bacteria up to 4
months post-inoculation (TNTC). By 4 months post-infection, shedding was significant only in
1 of the 3 calves (79 cfu/slant), followed by sporadic shedding thereafter.

Fecal PCR results mirrored the culture results with infrequent positive reactions after
the first 4 weeks of infection, regardless of infection group. Tissue culture results showed that
calves exposed to MAP by either oral or IP methods became infected with colonization in
multiple tissue sites. Colonization was present in a number of intestinal tissues and lymph
nodes with the lowest number of affected tissues in the IP calves and the highest for calves
in the Oral/M group. Recovery of viable MAP was low in tissues regardless of treatment
group with the exception of one calf in the Oral/M whose tissues had very high numbers of
MAP.

Table 1. Results of HEYM culture of tissues obtained from calves at necropsy following oral or
intraperitoneal challenge with live Mycobacterium avium subsp. paratuberculosis.

Treatment
Total Oral IP Oral/DX M Oral /M
Jejunum + LN 41 13 6 10 12
lleum + LN 23 4 6 4 9
Duodenum + LN 14 4 4 3 3
Spiral colon + LN 13 5 2 3 3
lleocecal valve 10 2 4 2 2
Spleen 9 2 4 2 1
lliac LN 8 3 2 2 1
Transcending colon + LN 7 1 1 3
lleoceca LN 4 1 2 1
Descending colon + LN 4 2 1 1
Mean positive tissues 10.3 8.5 9.5 15

Histopathologic lesions were predominantly found in the ileal and jejunal sections and
their associated lymph nodes, as well as the ileocecal valve and node. Lesions were
characterized by multifocal small infiltrates in the submucosa of intestinal tissues and small
aggregates of macrophages with and without granuloma formation within the lymph nodes.
Lesions were most predominant within the tissues from Oral/DXM calves and secondarily for
the Oral group. Few lesions were found in the tissues of IP and Oral/M calves.
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Figure 1. Histogram of lymph node section showing a typical lesion
observed in infected calves

Analysis of the MAP isolates recovered from the infected calves indicated that there
was no variation in the MLSSR types as compared to the original inoculum. However, strain
K-10 demonstrated the genotype of >14-10-5-5, consistent with previous reports, but the
clinical cow isolate yielded two similar MLSSR types; 7-9-4-3 and 7-10-4-3, suggesting that 2
strains of MAP were present in the ileum of the infected cow.

DISCUSSION

Minimal fecal shedding and level of tissue colonization were noted in this study regardless of
the mode of inoculation utilized to infect the calves. Colonization was present in a number of
intestinal tissues and lymph nodes with the lowest number of affected tissues in the IP calves
and the highest for calves in the Oral/M group. Although many tissues were positive for the
presence of MAP by either culture or PCR, the amount of viable MAP recovered was low
with the exception of one calf in the Oral/M group that had very high numbers in many
tissues. The predominance of lesions within the tissues of Oral/DXM calves suggests that
experimental immunosuppression prior to infection may result in the inability of the host to
retard localized damage due to colonization. The subsequent cellular infiltrate would result in
increased levels of pro-inflammatory cytokines resulting in tissue damage. The experimental
methods of infection did not result in clinical signs of disease within the 12-month period of
the study, yet there were a significant number of affected tissues, either by culture, PCR, or
histopathologic analyses. Although the IP method did result in infection, the oral method was
the most consistent and, perhaps, natural approach of experimental exposure to MAP.

CONCLUSIONS

These data suggest that oral inoculation remains the most effective method of experimental
infection for MAP in calves, and that inoculation with a low passage clinical strain of MAP
may induce more clinical signs.
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ABSTRACT

The current study was designed to compare experimental oral and intraperitoneal inoculation
on early host immune responses to MAP infection. Blood samples were obtained on d -5 and
-4,7, 14, 21, 28, and monthly thereafter for the 12 month term of the study. Isolation of
peripheral blood mononuclear cells (PBMC) was performed, followed by incubation with
medium only (nonstimulated), concanavalin A (ConA), a whole cell sonicate of MAP (MpS),
and johnin purified protein derivative (JPPD) for 24, 48, 72, or 144 hr for determination of
cytokine secretion, lymphocyte proliferation, and flow cytometric analyses. Results
demonstrated that oral inoculation of calves significantly increased lymphocyte proliferative
responses to MpS at 12 months. Secretion of MPS-stimulated iNOS by PBMC was higher for
oral infection groups at both 6 and 12 months post-infection compared to control calves. IP
calves had the earliest antigen-specific IFN-y responses at 7 d post-infection, preceding
responses noted for other infection groups that followed between 90 and 120 d. Average IL-
10 responses to ConA and MPS were higher at 1 and 6 months and declined significantly by
12 months post-infection. At 1 month, Oral and Oral/M calves had higher MPS-stimulated IL-
10 than other treatment groups. By 12 months only the Oral/M calves had higher IL-10
secretion than control calves. Intracellular IFN-y and IL-10 levels were measured for CD4+,
CD8+, and yd T cell subpopulations. At 3 months post-infection, there was significantly higher
IFN-y in CD4+ cells stimulated with MPS in the Oral treatment. Intracellular IL-10 was higher
in CD4+ and CD8+ T cells in Oral and IP calves compared to the other treatments. Results
demonstrated that oral inoculation of calves increased lymphocyte proliferative responses
and iNOS secretion by PBMC stimulated with MpS. Antigen-specific IFN-y responses were
apparent for all infected calves by 90 d post-inoculation and remained elevated throughout
the study. At 1 month, Oral and Oral/M calves had higher MPS-stimulated IL-10 than other
treatment groups but IL-10 secretion declined by 12 months for all calves. Intracellular IFN-y
and IL-10 in T cell subpopulations stimulated with MPS was higher for calves in the Oral
infection groups. T cell activation markers such as CD25, CD26, CD5, and CD45R0O were
upregulated in infected calves compared to noninfected controls. These results demonstrate
that exposure and infection to MAP will invoke early immunologic responses characterized
by IFN-y, IL-10, and iNOS secretion.

INTRODUCTION

Infection models are useful for studying host responses to infection to provide further aid in
the development of diagnostic tools and vaccines. Various animal models for
paratuberculosis have been developed and studied, including cattle, sheep, goats, deer and
other wildlife, as well as rodents such as mice, rats, and rabbits. The majority of experimental
models for ruminants have utilized an oral inoculation of live Mycobacterium avium subsp.
paratuberculosis (MAP) in order to establish infection, thereby mimicking the fecal-oral route
of transmission generally observed in the field. Attempts to develop a calf model of infection
that will transition from subclinical to clinical infection in a more appropriate period of time (12
months or less) have failed (Stabel et al., 2003; Uzonna et al., 2003; Waters et al., 2003).
The majority of these studies have utilized laboratory-adapted strains of MAP in the inocula,
while a few studies have demonstrated more effective results with recent clinical isolates of
MAP (Stewart et al., 2007). Investigators have not previously investigated the potential
usefulness of dexamethasone to invoke host immunosuppression prior to oral inoculation
with MAP to determine if this would cause more severe infection. In addition, although
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intraperitoneal inoculation is common for the MAP mouse model it has not been attempted in
larger species as a means of experimental infection. The current study was designed to
compare experimental oral and intraperitoneal inoculation on early host immune responses
to MAP infection.

MATERIALS AND METHODS

Treatment groups

Treatment groups consisted of: 1) Control, n = 4; 2) Oral, n = 4; 3) Oral/dexamethasone
(Oral/DXM), n = 4; 4) Intraperitoneal (IP), n = 4; and 5) Oral/mucosal (Oral/M), n = 3. The
Oral and Oral/DXM groups were fed milk replacer containing 1 x 10 live M. avium subsp.
paratuberculosis, strain K-10, 2x per d for 14 consecutive days. The Oral/DXM group were
treated exactly the same as the oral group except the calves were administered 0.25 mg/kg
BW dexamethasone IV for 3 day prior to bacterial challenge and on d 28 and 56 post-
challenge. Intraperitoneal inoculation of calves was performed d 0, 7, 14, and 21 of the study.
The Oral/M calves were inoculated by feeding milk replacer containing live M. avium subsp.
paratuberculosis obtained by scraping the ileal mucosa from a clinically infected cow on d 0,
7, and 14 of the study. Throughout the study calves were monitored for lethargy, refusal to
eat or drink, respiratory distress, diarrhea, weight loss.

Assays

Cells were cultured at 1.4 x 10%/mL in 48-well flat-bottomed plates with either medium alone
(nonstimulated, NS), with concanavalin A (ConA; 10 pyg/ml), pokeweed mitogen (PWM; 10
pg/ml) or with MAP whole cell sonicate (MPS;10 ug/ml) for 24, 48, 72 or 144 hr (depending
upon the assay) at 39 in 5% CO , in a humidified atmosphere. Cell supernatants were
harvested after 24 and 48 hr and frozen at -20T until analyzed for cytokine production. Cells
were harvested and processed after 72 hr for lymphocyte blastogenesis and after 6 d for flow
cytometric analyses. Additional blood samples were collected at each time point into
vacutainer tubes and serum was harvested and stored at -20<C for antibody titer.

Bovine IFN-y and IL-10 production were measured in cell-free supernatants by ELISA
after stimulation of PBMC with NS, ConA, and MPS for 24 and 48 hr. Similarly, bovine iNOS
was measured using a colorimetric assay. Cells were stained for intracellular IFN-y and IL-10
within CD4+, CD8+, and IFN-y T cell subpopulations after 48 hr of incubation. Lymphocyte
proliferative responses to NS, ConA, PWM, and MPS were assessed by incorporation of *H-
thymidine by PBMC after stimulation of cells for 72 hr. After 6 days of incubation, PBMC
were stained for CD4+, CD8+, 3 T cells, B cells, and activation markers, CD25, CD26, CD5,
and CD45RO0 within those cell populations.

RESULTS

Measures of T cell activation such as lymphocyte proliferation and iNOS secretion were
upregulated for PBMC isolated from infected calves after stimulation with MPS. Antigen-
specific IFN-y responses were apparent for all infected calves by 90 days post-inoculation
and remained elevated throughout the study (Fig. 1).

IFN-g Secretion by MPS-Stimulated PBMCs
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Time after Infection

Fig. 1. IFN-y secretion by MPS-stimulated PBMCs
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Interestingly, IP calves had very robust IFN-y responses by d 7 post-inoculation that
remained steady over the 12-month period. Average IL-10 responses to ConA and MPS
were higher at 1 and 6 months and declined significantly by 12 months post-infection,
regardless of treatment group (Figure 2). At 1 month, Oral/M calves had significantly higher
MPS-stimulated IL-10 compared to other treatment groups. By 12 months, only the Oral/M
calves had higher IL-10 secretion than control calves. Intracellular IFN-y and IL-10 levels
were measured for CD4+, CD8+, and yd T cell subpopulations. At 3 months post-infection,
there was significantly higher IFN-y in CD4+ cells stimulated with MPS in the orally
inoculated calves. Early in the study (< 3 months) intracellular IL-10 was higher in CD4+ and
CD8+ T cells for Oral/M and IP calves compared to the other treatments. By 12 months,
intracellular IL-10 was higher in CD4+, CD8+, and yd T cells from Oral/M calves after
stimulation of cells with MPS.

IL-10 Secretion by MPS-Stimulated PBMCs
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—&—Oral
P
Oral/DXM
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Time after Infection

Fig. 2. IL-10 secretion by MPS-stimulated PBMCs

Experimental infection of calves resulted in the upregulation of activation markers on T cell
subpopulations with similar expression patterns noted for CD4+, CD8+, and yd T cell
subsets. Figure 3 represents the increased expression of CD25 within the CD4+
subpopulation after stimulation of PBMC with MPS for 6 days. Infection of calves resulted in
significant increases in CD25 expression for CD8+ and yd T cells as well (data not shown).
Similar upregulation of CD26, CD45R0O, and CD5 activation markers was also noted on total
PBMC populations and T cell subpopulations for infected calves throughout the study (data
not shown).

CD4/CD25 subpopulations in MPS-stimulated PBMCs
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Fig.3. CD4/CD25 subpopulations in MPS-stimulated PBMCs

DISCUSSION
Experimental infection with MAP, by either oral or intraperitoneal routes, resulted in the
upregulation of early cell-mediated immune responses by the host as demonstrated by the
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robust antigen-specific IFN-y responses observed for infected calves. IP calves responded by d
7 post-inoculation but calves in the oral infection groups did not respond consistently until d 90
of the study. The recall response to MAP antigen was observed in infected calves by increased
expression of activation markers CD25, CD26, CD45R0O, and CD5, regardless of T cell
subpopulation. IL-10 secretion was higher in the early months of the study and declined steadily
thereafter. This does not fit the paradigm of the Th1-Th2 shift in immunity during MAP infection
but calves in this study did not demonstrate signs of advanced infection as antibody titers were
negligible (data not shown), fecal shedding was minimal, and no clinical signs were observed.

CONCLUSIONS

Oral inoculation with a laboratory-adapted or clinical strain of MAP evoked strong cell-meditated
immune responses in the host. IP inoculation may prove useful in the evaluation of acute
immunologic responses to MAP infection as responses were similar to those for oral infection
methods in this study, particularly in the first months post-inoculation. Useful immunologic
markers of subclinical or early MAP infection for cattle as observed in this study were IFN-y,
iINOS, and T cell activation markers, CD25, CD26, CD45R0O, and CD5.
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INTRODUCTION

Johne’s disease (JD) caused by Mycobacterium avium subspecies paratuberculosis (MAP),
is most serious infection of animals and human beings worldwide. Disease has significant
impact on livestock economy and losses exceed $1.5 billion to US cattle industry every year.
Despite low per animal productivity, in India these losses have not been estimated in the 120
millions goats. Johne’s disease is endemic in farm goat herds in Mathura region and high
prevalence has been reported from farm goats (Singh et al. 1996, Singh et al. 2007). These
studies reported high prevalence of MAP in fecal samples. Principally disease is confined to
the small intestine near ileo-caecal junction (ICJ) and associated mesenteric lymph nodes
(MLN). But MAP disseminate to other tissues and organs, as evidenced by the isolation of
MAP from milk, fetus, lung, semen, male accessory genital organs and semen in bulls
(Larsen and Kopecky, 1970), semen in rams (Eppleston and Whittington, 2001), tissue fluid
from fetus (Buergelt et al. 2006). However, information on distribution of MAP to other
tissues, organs in goats is limited and in vaginal secretions are non-existent. Presence and
distribution of MAP to different organs and vaginal discharges is crucial to endemicity of
infection within a population. Study is maiden attempt to estimate comparative presence and
recovery of MAP in vaginal secretions of post parturient goats by culture and IS900 PCR
tests vis a vis status of Johne’s disease in these goats by ELISA.

MATERIALS AND METHODS

Animals and samples

Simultaneously, vaginal secretions (VS) and serum of 29 post-parturient goats of farm herds
(CIRG, Mathura) were collected aseptically. VS were screened by culture and 1S900 PCR
and serum by indigenous ELISA Kkit.

Culture of Vaginal Secretions
Culture method of Singh et al. (1996) was adopted for screening of VS. MAP colonies were
primarily identified on the basis of mycobactin J dependency, acid fastness and slow growth.

DNA isolation and 1S900 PCR (decontaminated pellets/cultures)

A modified method of isolation of DNA was used; wherein the decontaminated sediment
(<1.0 ml) left after inoculation of HEYM medium was pelleted by centrifugation at 10,000 rpm
for 10 minutes. Pellet was washed in PBS and used for isolation of DNA. Pellets and cultures
were processed for DNA isolation as per van Soolingen et al. (1991). DNA was amplified by
PCR using specific IS900 primers (Vary et al. 1990). Presence and yield of PCR product
(229 bp) was analyzed by 1.8% agarose ethidium bromide gel electrophoresis.

Screening of serum samples by ELISA kit

Serum samples were screened using indigenous ELISA kit developed for screening of goats
(Singh et al., 2007), using semi-purified soluble protoplasmic antigen (PPA) from native MAP
‘Bison type’ genotype of goat origin. OD values were transformed to S/P ratios. Animals in
strong positive and positive groups (S/P ratio) were considered positive for Johne’s disease.
An animal was categorized as positive for JD if any of vaginal swab) was positive in culture
or PCR.

58



Proceedings of 9ICP - 2007

RESULTS

Screening of VS from 29 post-parturient goats showed that 37.9% were positive in culture.
Comparatively, MAP colonies were isolated from VS in 13.3, 75.0 and 50.0%, of Barbatri,
Jamunapari and Sirohi breeds of goats, respectively. However, in S/P ratios (ELISA kit),
considering goats in strong positive and positive categories, as positives, 55.1% goats were
positives. Individually, 6 (40.0%), 7 (87.3%) and 3 (50.0%) goats of Barbari, Jamunapari and
Sirohi breeds were positives, respectively (Table 1). The 37.9% goats each were positive in
culture and ELISA. In S/P ratio, 11, 5, 2, 8 and 3, were strong positive, positive, low
positives, suspected and negatives, respectively.

There was poor correlation between 11 (37.9%) positives in ELISA and VS culture
(18.1%). However, of 15 (51.7%) serum in positive, low positive and suspected categories, 9
(60.0%), were positive in culture (Table 2). Culture and ELISA together detected 20.6% of 29
goats positive. The 17.2 and 34.4% goats were detected independently in culture and ELISA,
respectively (Table 3). Of 29 decontaminated pellets of VS, DNA was obtained from 10 and 4
(13.7%) were amplified in 1IS900 PCR. Comparison of 10 goats (VS and serum), by culture,
ELISA and PCR revealed none was positive in 3 tests. One each was positive in combination
of culture and ELISA and culture and PCR. Independently, 1 and 3 samples were positive in
ELISA and PCR, respectively.

Table 1. Distribution of MAP in vaginal secretions (culture) and serum (ELISA kit) of goats from farm
herds

Goat Breeds Goats Positives
Screened Culture of VS ELISA kit
Barbari 15 2 (13.3) 6 (40.0)
Jamunapari 8 6 (75.0) 7 (87.5)
Sirohi 6 3 (50.0) 3 (50.0)
Total 29 11 (37.9) 16 (55.1)

Numbers in parenthesis are percents, VS — Vaginal Secretions

Table 2. S/P ratios and culture of vaginal secretion of post parturient goats

Disease Status S/P ratio range Number of goats Positive in culture
Negative 00.00 — 00.09 3 -
Suspected 00.10-00.24 8 4
Low positive 00.25-00.39 2 1
Positive 00.40 — 00.99 5* 4
Strong positive 01.00 —10.00 11* 2

Total 29 11

* Positive

Table 3. Comparison of culture (vaginal swabs) and ELISA for the presence of MAP infection in goats

Tests Combinations

1 2 3 4
Culture + - + -
ELISA + - - +
Total (29) 6 (20.6%) 8 (27.5%) 5 (17.2%) 10 (34.4%)
DISCUSSION

MAP has been reported from supra-mammary lymph nodes (SMLN), milk samples,
mammary glands, udder, uterus, testis, semen, of cows, bulls, deer, goats (Buergelt et al.
2006 and Sweeney et al. 1992). MAP is endemic in farm goatherds (Central Institute for
Research on Goats, Mathura) using sensitive tests (Singh et al. 1996). Prevalence of MAP
was high in kids as compared to adult animals (Kumar et al. 2007). High presence of MAP
was reported in non-target (uterus and udder) than in target organs (intestine and MLN) and
SMLN tissues of farm goats. These studies showed that MAP was widely distributed in
different tissues and organs of animals correlated with high prevalence and endemicity of
MAP in these herds (Singh et al. 1996).
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Presence and distribution of MAP in tissues of kids (<6 months) showed that infection
of animals occurred in fetal life. Hines et al. (1987) reported dissemination of MAP, from
enteric sites to other organs. Study reported high presence of MAP in vaginal secretions by
culture. In ELISA kit 55.1% goats were detected positive. There was poor correlation (37.5%)
between culture of VS and ELISA kit (18.1% in strong positives) but was 80.0% in case of
positives in kit. Similarly, correlation was high (50.0%) in weak positives and culture and
suspected and culture (Table 2). This may be due to pregnancy (immunosupressive) and
endemic JD (a protein loosing enteropathy damages immune system). Immune suppression
has not been reported in goats with respect to MAP infection. The study reports suppression
of immune response in goats due to JD. Singh et al. (2007) reported no animal in strong
positive category in ELISA in advance clinical cases of JD in an outbreak. Wherein,
correlation was 71.4% (high) in positive and cultures and 80.9% (very high) in low positives,
suspected and negatives with culture. This may be due to severe loss of protein in diarrhoea
and damage to immune system by prolonged endemicity of MAP infection and severe
nutritional stress. However, in normal conditions of health and nutrition the correlation
between strong positive and culture was high and with other categories (positives, low
positives, suspected and negatives) and culture was low (Kumar et al. 2007). Recovery of
MAP from low positives, suspected and negative goats showed the irreparable damage to
the immune system of goats due to JD. Presence of highly enlarged mesenteric lymph nodes
at necropsy of kids from farmer’'s (Kumar et al. 2007) and farm herds was common.

Information was based on limited data but presence of MAP was high in vaginal
secretions of 3 important goat breeds from herds’ endemic for JD (Singh et al. 1996).
Positivity in culture and ELISA was highest in Jamunapari followed by Sirohi and Barbari
breeds of goats. Study showed that vaginal secretions after parturitions in endemic goat
herds are potential source of contamination to newborn kids, animal handlers and
environment. Due to lack of symptoms infection by MAP usually goes un-noticed.

Comparison between culture of vaginal secretions and ELISA showed 48.2%
correlation (positive—20.6% and negative-27.5%), whereas, 17.2 and 34.4% goats were
detected independently in culture and ELISA, respectively (Table 3). However, comparison of
3 tests (culture, ELISA and PCR) showed that PCR performed better in comparison to
culture of vaginal secretions. This is the first report confirming the MAP using 1IS900 PCR in
vaginal secretions. Recently, MAP has been recovered from in-utero infection of pregnant
cow and from amniotic fluid (Buergelt et al. 2006).

Positive reaction in IS900 PCR from vaginal secretions indicated chances of infection of
fetus in pregnancy (Buergelt et al. 2006) and at parturition. Sweeney et al. (1992) reported
that distribution takes place in clinically infected animals up to 35.0% into milk and up to
40.0% in utero to fetus. Vaginal secretion was convenient material for screening of goats and
good yield of DNA was obtained using a swab. Sensitivity of PCR was lower than culture and
could be improved by amplifying, all DNA samples, irrespective of quality and also by diluting
DNA. Screening by PCR was important since it detected many VS missed by culture. In this
study DNA isolation was standardized from very small quantities (<10* colonies per gram of
tissue). Amplification of DNA from MAP colonies confirmed identity of cultures as MAP.

Detection of MAP DNA in vaginal secretions showed transmission by routes other than
fecal—oral. Extra-intestinal pathway (vaginal secretions) should be addressed when planning
control of disease.
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INTRODUCTION
Johne’s disease (JD) caused by Mycobacterium avium subspecies paratuberculosis (MAP),
is a serious infection of animals and human beings worldwide. The disease is commonly
reported both from farm and farmers’ stocks in Mathura region of North India (Singh et al.
1996, Singh et al. 2007a; 2007b). A high prevalence was reported in faecal samples. Before
faecal shedding or an immune response is present, tissue culture can detect MAP in multiple
organs. Traditionally, the intestine near the ileo-caecal junction (ICJ) and associated
mesenteric lymph nodes (MLN) are examined for the presence of MAP (Tripathi and Parihar,
1999). Information on distribution of MAP to other tissues (non-target) is scarce in India. The
distribution of MAP to different tissues was crucial to endemicity of infection within herds.
The current study estimated presence of MAP in target (intestine and mesenteric lymph
nodes) and non-target tissues (supra mammary lymph nodes (SMLN), udder, uterus and
testes) of young and adult goats and sheep belonging to farm and farmer’s stocks using
culture and IS900 PCR.

MATERIALS AND METHODS

Animals and samples

Sixty one goats and sheep from farm stocks (44 necropsied at Central Institute for Research
on Goats CIRG), Mathura and farmers’ stocks (17 sacrificed at slaughter house Mathura)
between 29.01.05 to 01.04.05 were sampled. The 215 tissues (intestines near ileo-caecal
junction, MLN, SMLN, udder, uterus and testes) were collected from 41 goats and 20 sheep.
Of 61 animals, 16 goats, 17 kids, 10 sheep and 1 lamb were from farm stock and 8 goats
and 9 sheep from farmer’s stocks. Of the 44 animals necropsied at CIRG (farm stock), 40,
39, 22,19, 19, 14, and 11 tissues were collected from intestines, mesenteric lymph nodes
(MLN), left supra mammary lymph node (L-SMLN), right SMLN (R-SMLN), uterus, udder and
testes, respectively. The 16, 17, 9, and 9 tissues from MLN, intestine, L-SMLN and R-SMLN,
respectively were from 17 sacrificed animals (Mathura).

Culture of tissues, DNA isolation and IS900 PCR

The culture method of Singh et al. (1996) was followed for screening of tissues. Colonies
were primarily identified on the basis of mycobactin J dependency, acid fastness and slow
growth. A modified method of isolation of DNA was used. Decontaminated sediment (<1.0
ml) left after inoculation of solid medium was pelleted after centrifugation at 10,000 rpm for
10 minutes. Pellets were washed in PBS and used for isolation of DNA. Pellets and colonies
were processed for DNA isolation as per van Soolingen et al. (1991). DNA was amplified by
PCR using specific 1IS900 primers. Presence and yield of specific PCR product (229 bp) was
analysed by 1.8% agarose ethidium bromide gel electrophoresis. An animal was considered
positive for JD if any of tissues (intestine, MLN, SMLN, udder, uterus and testes and vaginal
swab) was positive in culture or PCR.

RESULTS

Of the 215 target and non-target tissues processed from farm and farmer’s stocks, live
cultivable MAP was recovered from 48% tissues (46% target and 50% non-target tissues).
The prevalences of MAP were 51, and 42% in tissues of goats and sheep, respectively. MAP
was isolated from 49 and 43% tissues from farms and farmers’ animals, respectively.
Screening of tissues of young and adult animals, 60 and 44% yielded MAP, respectively.
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Species-wise prevalences of MAP were 55 and 42% in goats and sheep population (farm
and farmer’s stocks), respectively. The prevalences of MAP were 53 and 43% in animals
from farm and farmer’s stocks, respectively.

Target tissues
MAP was isolated from 46% target tissues (48% farm and 39% farmer’s stocks).

Farm Animals

MAP was present in 48% tissues of animals (goats: 51%; sheep: 40%). In goats, MAP was
recovered from 48% adults and 54% young animals. From MLN and Intestine, MAP was
isolated from 44 and 53% goats and 43 and 64% kids, respectively. In sheep; MAP was
present in 33 and 100%, each of MLN and Intestine, in case of adults and lambs,
respectively. Comparative distribution of MAP in MLN and intestine (target tissues) was
evaluated using culture. MAP was recovered from 69% farm animals of the total 39 farm
animals screened. MAP was recovered from both the tissues in 28% animals and
independently in MLN and intestine of 15 and 26% animals, respectively.

Farmer’s Animals

MAP was recovered from 39% tissues of farmer’s animals (goats: 34% and sheep: 47%).
From MLN and Intestine, MAP was present in 38 and 25% tissues of goats and 38 and 56%
tissues of sheep, respectively. Comparatively MAP was distributed in the 59% target tissues
(MLN and intestine) of animals. MAP was recovered from both the tissues in 17.6% animals
and separately in MLN and Intestine of 18 and 24% animals, respectively.

Non-target tissues
Of the 103 non-target tissues processed, MAP was recovered from 50% tissues (51% farm
and 50% farmer’s animals.

Farm goats
Of the 39 tissues screened from goats, 49% were positive for MAP in culture. MAP was

recovered from 36, 36, 67, 56% and none, tissues of L-SMLN, R-SMLN, uterus, udder and
testes, respectively. In kids, of 19 tissues screened, 63% were positive for MAP. MAP was
recovered from 50, none, 100, 50 and 60% tissues of L-SMLN, R-SMLN, uterus, udder and
testes, respectively.

Farm sheep
Of 26 tissues screened from sheep, 42% were positive. MAP was recovered from 33, 33, 33,

44, 60, 33% and none tissues of MLN, intestine, L-SMLN, R-SMLN, uterus, udder and testes,
respectively. Of the 1 lamb screened, the intestine, MLN and uterus were positive for MAP in
culture.

Farmer’s animals

MAP was isolated from 75 and 30% tissues of goats and sheep, respectively. In goats, MAP
was recovered from 38, 25 and 75% tissues of MLN, intestine and SMLN, respectively. In
sheep, MAP was recovered from 36, 56 and 30% tissues of MLN, intestine and SMLN,
respectively.

Gross lesions and culture (Target tissues, Farmer’s stocks)

In Young animals prevalence of MAP was 45 and 33% in normal and inflamed MLN,
respectively. The 62% tissues were positive from normal and one tissue from inflamed
intestine. In adult animals, MAP was recovered from 44% normal and 38%, inflamed MLN
tissues. The 14% normal and 60% inflamed intestinal tissues were positive.
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Non-target tissues (Supra-mammary lymph nodes)

In Farm stock, the 37% of 43 SMLNs screened were positive for MAP. Recovery of MAP was
65 and 32 % from inflamed and normal SMLN, respectively. In Farmer’s stock, MAP was
isolated from 50% of 18 SMLN screened (Normal SMLN: 71 % and inflamed: 36%).

Uterus, Udder and Testes

In farm stock, MAP was cultured from 74, 50, and 55% of uterus, udder and testes tissues,
respectively. Prevalences of MAP were 77, 73 and 55% in uterus, udder and testes of adult
goats, respectively. In kids, prevalences were 100, 100 and 60 % in uterus, udder and testes,
respectively. MAP was recovered from 67 and 33% of uterus and udder, respectively. Uterus

of a lamb was positive.

Fig. 1. Supra mammary lymph nodes, where right supra mammary lymph node (right) is swollen and
positive for MAP in culture and PCR

Screening of tissues by IS900 PCR (Target tissues)

In intestines, of 50 decontaminated pellets, DNA was recovered from 12, and out of these 3
were amplified by IS900 PCR. Two MAP cultures from intestines also amplified in IS900
PCR. In MLN of 56, decontaminated pellets, DNA was isolated from 12 and 8 (67%) were
amplified in 1IS900 PCR and of the 4 cultures, 1 was amplified.

Non-target tissues

In SMLN of 61 decontaminated pellets, DNA was isolated from 16 and 12 (75%) were
amplified. Of the 5 MAP cultures, 1 (pauci-bacillary) was amplified. In udder of 14
decontaminated pellets, DNA was isolated from 5 and 3 (60%) were amplified. From
cultures, none of the DNA was amplified. In uterus of 19 decontaminated pellets, DNA was
isolated from 8 and 3 (38%) were amplified. In testes of 11 decontaminated pellets, DNA
were recovered from 6 and 1 were amplified. From culture none was amplified.

DISCUSSION

Screening of target and non-target tissues by culture revealed high prevalence of MAP in
goats and sheep in Agra region including Mathura (North India). Species-wise, the
prevalence was higher in goat tissues and as compared to sheep. Goats and sheep
belonging to farm stocks had higher susceptibility to MAP infection as compared to farmer’s
stocks. The high prevalence of MAP in tissues showed high pathogenicity. Farm stocks were
reported to be endemic for MAP (Kumar et al 2007). Tripathi and Parihar (1999) reported a
low prevalence of MAP in goats. The prevalence of MAP was high in kids and lambs as
compared to adult animals (Kumar et al 2007). Screening of both MLN and intestinal tissues
provided better estimates of MAP prevalence. In goats (both adults and young) recovery of
MAP was higher in intestinal tissues as compared to MLN. The distribution of MAP in non-
target tissues of farm and farmer’s stocks were either comparable or were higher than in
target tissues. The prevalence of MAP was higher in uterus and udder compared to target
tissues and supra mammary lymph nodes (SMLN). Sweeney et al. (1992), detected MAP in
culture of SMLN and milk from cows. Disseminated infections have been documented in
sheep (Carrigan and Seaman, 1990). MAP was isolated both from normal and inflamed
tissues. Buergelt et al. (2004) reported that unlike intestinal tissues, other organs did not elicit
typical inflammatory response to presence of MAP. Inflammatory lesions were seen in MLN,
SMLN (left or right or both and intestinal tissues in this study. SMLN was comparable tissue
to estimate JD in female animals. Presence of MAP in testes of young kids showed need for
screening of semen of in breeding age (Buergelt et al., 2004). MAP in udder tissues
correlated with excretion of MAP in milk. The presence of MAP in tissues of young kids (<6
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months) confirmed infection of kids in foetal life, and distribution of MAP in different tissues.
Hines et al. (1987) reported dissemination of MAP from enteric sites to other organs. Despite
long growth period and higher requirement of MAP shed into faeces (10° cfu/gram) culture
from tissues has been largely recommended. Comparatively, colonies from sheep grew more
slowly than from goats. MAP has been recovered from in-utero infection of pregnant cow and
amniotic fluid of cattle (Buergelt et al., 2006). This study showed that decontaminated tissues
left after inoculation of solid medium (0.5-1.0ml) was good starting material for isolation of
DNA. Positive reaction in IS900 PCR from all types of tissues indicated wide distribution of
MAP in animals, as was also seen in culture. Though in this study the sensitivity of PCR was
lower than culture but it identified few new animals. PCR performed better in MLN and SMLN
tissues than in other tissues. It may be due to less contamination of DNA with inhibitory ions
from these tissues as compared to intestine, uterus and udder. Poor sensitivity might have
been due to presence of fewer bacilli in tissues or insufficient samples (pellet) volume.

Contamination of DNA by PCR inhibitors interferes with amplification processes
(Gowzdz et al. 1997). The sensitivity of PCR could be improved by amplifying all the DNA
samples, irrespective of quality of DNA and also by diluting template DNA. In this study DNA
isolation was standardized for very small quantities (<10*2 colonies per gram of tissue).
Specific amplification of DNA from MAP cultures using 1IS900 PCR confirmed the identity of
these cultures as MAP. Detection of MAP DNA by PCR in target and non-target tissues and
vaginal secretions showed transmission by routes other than traditional fecal-oral. Extra-
intestinal pathway such as milk (udder and SMLN), in-uterus (semen and vaginal secretions)
should be addressed when considering control of JD.
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Crohn’s disease (CD) is a clinically defined syndrome of unknown etiology. Although the
etiology of CD is not fully understood, genetic and epidemiological studies indicate
individuals with one or more allelic variants of genes involved in regulation of the immune
response may be at higher risk for developing CD. The factors that induce persistent
immune mediated inflammation of the bowel in these individuals are thought to include
exposure to specific pathogens, bacteria present in normal microflora of the intestine, or
other undefined factors. The mechanisms of induction and persistence of inflammation
appear to include modulation of the immune response by regulatory T cells and activation of
the IL-23-IL-17 pathway that promotes chronic inflammation. Mycobacterium avium subsp.
paratuberculosis (Map) is the pathogen most frequently implicated in playing a role in the
pathogenesis of CD. The implications are due to similarities in pathogenesis between CD
and Johne’s disease in cattle and the increased frequency of finding Map in CD patients over
patients of other inflammatory bowel diseases. These findings could indicate Map plays a
role in pathogenesis in a subset of genetically susceptible individuals with CD or that,
individuals with CD are serving as sentinels that reveal the prevalence of Map in the
environment.

Elucidation of the mechanisms of pathogenesis mediated by Map in its natural host
could provide an opportunity to clarify the role of Map in CD pathogenesis and also insight
into the sequence of events leading to erosion of protective immunity and development of
clinical disease. To explore this possibility, we developed a bovine cannulated ileum model
to analyze the immune response to bovine and human isolates of Map and determine how
Map modulates the immune response during the early and late stages of disease.
Comparative studies have revealed no significant differences in the capacity of bovine and
human isolates of Map to infect calves. Both types of isolates elicit a prominent CD4
memory T cell response to PPD and soluble Map antigens detectable by flow cytometry 3
months post infection (P1). Morphologic changes in the ileum consistent with disease
progression are detectable by 8 — 10 months PI. Although difficult to culture from tissue
biopsies, presence of Map is detectable by PCR. Quantitative RT-PCR has revealed a
complex pattern of expression of genes encoding IFN-y, IL-17, and granulysin in
experimentally infected animals 10 — 12 months Pl indicating the presence of CD4 memory T
cells associated with a Type | immune response and Th17 CD4 T cells associated with
development of a proinflammatory response. The increase in expression of granulysin
suggests the presence of effector memory T cells with bactericidal activity. The findings
indicate a detailed analysis of immunopathogenesis of JD will facilitate understanding the
role of Map in the pathogenesis of CD.
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Signal transduction is a ubiquitous mechanism responsible for cell adaptation to
environmental changes in both prokaryotes and eukaryotes. Cellular responses to the
dynamic changes in the environment are mediated by a cascade of events involving protein
kinases, which activate protein substrates by ATP-dependent phosphorylation on specific
residues such as histidine and aspartate in prokaryotes (two-component systems) and
serine/threonine, or tyrosine in eukaryotic or eukaryotic-like protein kinases. The reverse
regulation of kinases (dephosphorylation) is mediated by protein phosphatases. Protein
phosphatases participate in modulating a variety of cellular events such as metabolism, gene
transcription, cell cycle control, immune response, and cell growth, etc. In addition, protein
phosphatases have also been associated with virulence contributing to the intracellular
survival of pathogens. For example, the tyrosine phosphatase YopH of Yersinia
pseudotuberculosis dephosphorylates host proteins, the tyrosine phosphatase SptP from
Salmonella typhimurium, which is translocated into the host, causes a disorganization of the
actin cytoskeleton, while Stp, a serine/threonine phosphatase from Listeria monocytogenes
dephosphorylates the host elongation factor EF-Tu.

Signal transduction in Mycobacterium avium spp. paratuberculosis (Map) is regulated
according to the annotated genome by twelve two-component systems based on signal-
transducing histidine kinases, nine serine/threonine protein kinases, five proteins containing
serine/threonine kinase catalytic domains, and two tyrosine phosphatases. Interestingly, the
annotated genome does not possess a defined tyrosine kinase, suggesting that both proteins
might act in the host upon infection. Recently, we have reported that map1985 is a functional
low-molecular tyrosine phosphatase, which is secreted intracellularly upon macrophage
infection. Then, interfering with the host signal transduction could contribute to the pathogen
survival in macrophages.
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Experimental infection of sheep with M.avium subspecies paratuberculosis: a
brief review and introduction to an Australian ovine challenge model

Begg DJ, Taylor D, de Silva K, Di Fiore L, Whittington RJ
Faculty of Veterinary Science, The University of Sydney, Australia

Experimental animal infection models are crucial tools in the continuing fight to control and
eradicate Johne’s disease. The animal model selected and how it is utilised will depend on
the outcomes required, such as immunological testing, pathogenesis and vaccine trials. The
factors that appear to influence the outcome of experimental infections with Mycobacterium
avium subsp. paratuberculosis (Mptb) are the species, breed and age of subject used for the
infection, the route of infection, and the strain, dose and number of doses of Mptb used to
inoculate the subjects. Studies to date have been lacking in the use of a defined type strain
of Mptb in pure culture prepared from an archived seed stock that can be used at the same
passage level in later trials. An ovine experimental oral infection model has been developed
for Australian conditions using a pure culture of Mptb (Telford) retained as a freeze dried
seed stock. This has been directly compared to oral infection with infectious gut tissue
homogenate. While both experimental infections created disease closely resembling natural
infection, not surprisingly the gut tissue homogenate challenged animals developed clinical
disease earlier than animals given Telford strain Mptb. The results with the pure culture were
repeatable over 3 trials.
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Paratuberculosis is a chronic granulomatous inflammation of the small intestine of cattle and
other ruminants, caused by infection with Mycobacterium avium ssp. paratuberculosis
(MAP). The disease can be found in ruminant herds worldwide, causing substantial
economic losses at farm level due to premature culling and production losses. We have
documented previously that mycobacterial heat-shock proteins (Hsp) are dominant antigens
in various stages of bovine paratuberculosis. Especially the 70 kD Hsp (Hsp70) induces cell
mediated responses in natural infection. Furthermore, recombinant MAP Hsp70 has been
shown to be a successful subunit vaccine against bovine paratuberculosis. Surprisingly the
main hallmark of vaccination induced immunity was antibody production rather than T cell
immunity.

To explore the immunological mechanisms of induction of early cellular responses at
the local draining lymphnodes within days after vaccination we adopted a murine model.
Balb/c mice were vaccinated with Hsp70 and DDA adjuvant (Hsp70/DDA), comparable to the
cattle vaccine. OVA/DDA was used as a control treatment. BrdU incorporation was
measured by flowcytometry 4 and 7 days after vaccination with either vaccine. In addition
lymph node cells and splenocytes were restimulated in vitro to address the functional
differentiation of the immune response as measured by in vitro restimulation and antibody
production.

Enhanced BrdU incorporation was observed in draining lymphnodes of mice that were
immunized with Hsp70 compared to OVA treated mice 7 days after immunization. No
differences in BrdU incorporation were observed in non-draining lymphnodes or at day 4
after immunization. Cellular proliferation following in vitro restimulation at 7 days after
vaccination indicated equal responses against OVA and Hsp70. In addition, in vitro B cell
restimulation showed an enhanced antigen specific B cells response in the draining lymph
nodes only after Hsp70 vaccination at day 7, whereas B cells isolated from OVA treated mice
did not produce significant amounts of antibodies in an antigen specific fashion.

Similar to the immunization outcome in cattle in the murine model there is a preferential
activation of B cell activity following subcutaneous Hsp70/DDA vaccination. Therefore, the
murine model presented in this study offers a convenient means to study the mechanism
leading to this immuneresponse bias which is opposite to Hsp70 immune responses in
natural infection and yet confers protective immunity to paratuberculosis.
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Apoptosis of mononuclear cells in experimental and natural ovine Johne's
disease

Browne S, de Silva K, Begg D, Whittington R, Emery D
University of Sydney, Australia

Cell death by apoptosis is a part of normal development. Apoptosis also controls the immune
response and is involved in the cytotoxic killing of infected cells. Cell-mediated immune
responses play an important role in mycobacterial disease. Increasing our current knowledge
of the immunological mechanisms involved in disease progression, including apoptotic
responses, may allow advancements in the area of early diagnosis, identification of resistant
animals and disease control.

For experimental infection, Merino lambs (randomly drafted into groups of 20) were
challenged with either 3.36x10% CFU of a clonal inoculum (Telford) or 3.76x10® CFU of a gut
homogenate from an animal with clinical ovine Johne’s disease (OJD). One group received
no treatment. Sequential blood samples were taken over a period of 12 months. Faecal
shedding and presence of Mycobacterium avium subsp. paratuberculosis (Mptb) in tissue
samples were determined by culture in a radiometric system (Bactec). Diseased sheep were
categorised based on histological lesion type. In addition, samples were taken from sheep
sourced from OJD-infected and disease-free farms.

Mononuclear cells were isolated from peripheral blood using density gradient
centrifugation. Isolated cells were incubated with medium alone, Mptb antigen (10 pg/ml) or
Con A (10 pg/ml) for up to 6 days. Caspase activity, a marker of apoptosis, was determined
by flow cytometry on day 6 of culture. Phenotype markers were also used to identify specific
apoptotic lymphocyte subpopulations. Apoptosis in intestinal tissue was studied by TUNEL
assay and by the expression of apoptosis-related genes by Q-PCR.

Mptb antigen-driven apoptosis of mononuclear cells in experimentally challenged
animals varies as disease progresses. There were also significant differences in the
presence of apoptotic cells, as well as expression of apoptosis-related genes, in intestinal
tissues from disease-free sheep and those with histological lesions.
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DNA Cocktail Vaccination Induces Thl Response and Protects Mice against
Mycobacterium avium subsp. paratuberculosis Challenge
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Several novel antigens of Mycobacterium avium subsp. paratuberculosis (MAP), have been
studied as vaccine components and their immunogenicity has been evaluated. 85 antigen
complex (85A, 85B, and 85C), Superoxide dismutase (SOD), and 35kDa protein of MAP has
been found to induce significant lymphocyte proliferation as well as Thl-associated cytokine
response. Based on these results, we cloned and expressed 85A, 85B, and 85C, SOD, and
35kDa protein genes into eukaryotic expression plasmid pVR1020. C57BL/6 mice were
immunized three times intramuscularly with the recombinants as a DNA cocktail and
pVR1020 vector DNA alone as control. A significant reduction has been detected in the
bacterial burden of the spleen and liver of mice immunized with DNA cocktail in contrast to
the control group. Also, the relative liver and spleen histopathology data paralleled with the
MAP culture results and showed more multifocal granuloma and acid-fast bacilli in the control
animals. Moreover, mice immunized with DNA cocktail developed both CD4" and CD8" T cell
responses to the recombinant antigens and showed significant lymphocyte proliferation. The
Th1 response related cyokine (IL-12, IFN-y, TNF-a) gene expression levels increased in
immunized animals. The results of ELISPOT assay also revealed an increase in the number
of IFN-y secreting cells in the immunized group than the control group, indicating a Thl type
of response.These results indicate that the use of recombinant DNA vaccine cocktail can
induce protective immune response against MAP infection with a predominant Thl response.
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Proliferation of lymphocyte subsets in experimental ovine Johne's disease
de Silva K, Begg D, Taylor D, Di Fiore L, Whittington R
University of Sydney, Australia

Protection against mycobacterial disease relies on T-cell dependent immune responses. In
Johne’s disease, cell-mediated immune responses predominate in subclinical disease. As
disease progresses these responses diminish and can be undetectable while there is a
concurrent strong humoral response, demonstrated by elevated serum anti-Mptb
(Mycobacterium avium subsp. paratuberculosis) antibodies. If the infection is not eliminated
by the initial T-cell response then Mptb are able to persist and proliferate resulting in lesion
formation and chronic infection. Much work has been published on cellular responses
throughout the course of bovine Johne’s disease but knowledge of similar responses in
sheep is lacking. The aim of this study was to identify changes in antigen-driven proliferation
of lymphocyte subsets during the course of early ovine Johne’s disease (OJD).

Merino lambs aged 4 months were randomly assigned into three groups, n = 20 per
group. Two groups were orally challenged with either a clonal inoculum of Mptb (Group 1) or
a gut homogenate prepared from an animal with clinical OJD (Group 2) while the third group
was left unchallenged (Group 3). Blood samples were collected at 4 monthly intervals and
prior to necropsy at 13 months post-challenge. Lymphocytes isolated from blood and lymph
nodes (ileal, posterior jejunal and prescapular) were labelled with CFDA-SE and cultured in
the presence or absence of Mptb antigen for 5 days. Cells were labelled for phenotype —
CD5, CD4, CD8af, 86D (yd T cells) and WC4 (B cells) — prior to data collection by flow
cytometry. Faecal shedding and presence of Mptb in tissue samples were determined by
culture in a radiometric system (Bactec). Diseased sheep were categorised based on
histological lesion type.

Distinct differences were seen in the antigen-induced proliferative response in both
blood and lymph node cells from sheep challenged with Mptb compared to the unchallenged
controls. While 30% of Group 1 and 50% of Group 2 animals responded to Mptb antigen
stimulation in the proliferation assay as early as 4 months post-challenge, none in Group 3
responded. The number of responders in Groups 1 and 2 continued to be higher than in
Group 3 throughout the study. Differences in the phenotype of proliferating subsets in
relation to infection status will be discussed.
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Mycobacterium avium subsp. paratuberculosis enters intestinal mucosa
through M cells and there is difference in the uptake across the ileal and
jejunal mucosal epithelial cells in lambs

Duraisamy P, Tripathi BN, Periasamy S, Pal A
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The entry of Mycobacterium avium subsp. paratuberculosis (MAP) to the intestinal mucosa is
critical to the pathogenesis and control of paratuberculosis in animals, which is poorly
understood. An in-vivo multiple-intestinal loop model involving Peyer’s patch (PP) and non-
Peyer’s patch (non-PP) areas was developed in lambs to examine (i) the attachment and
uptake of MAP across the intestinal mucosa, (ii) the variation in the uptake of MAP in
different segments of the small intestine and (iii) the ability of various strains of MAP to
invade the mucosa. By using a number of methods including polymerase chain reaction,
immuohistochemistry (IHC), in-situ hybridization (ISH), histology and transmission electron
microscopy, it was observed that MAP entered the intestinal mucosa through follicular M
cells (fM cells) in PP as well as possibly through villous M cells (vM cells) in non-PP areas.
The fM cells are the specifically and functionally modified cells lining the follicular associated
epithelium (FAE) over Peyer’s patch areas, whereas the vM cells are originally the
transformed enterocytes present throughout the intestinal mucosa. The observation of more
number of bacteria, bacterial antigen or bacterial genome in the ileal mucosa lined with
continuous PP in comparison to the jejunal mucosa with and without discrete PP suggested
that translocation of MAP across the fM cells were more efficient than the vM cells. The field
strains of MAP isolated from cattle and goat showed greater ability (P<0.05) for invasion into
the small intestinal mucosa of the lambs than that of the vaccine strain. The demonstration of
MAP genome by ISH and its antigen by ICH in the intestinal mucosa, and the inability to
isolate the bacteria from the mucosal homogenate of infected loop tissues suggested that the
bacteria could transform into the cell-wall deficient forms after the invasion. This could be
significant from early pathogenesis point of view.
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Geijo MV, Molina E, Sevilla I, Bastida F, Garrido JM, Juste RA
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In a field study designed to improve the knowledge of the immunopathogenic mechanisms of
paratuberculosis, cohorts of vaccinated and unvaccinated animals from cattle herds with and
without clinical history of paratuberculosis were followed up for 18 months with samplings
every 6 months. Determinations of humoral immunity and specific and non-specific cellular
immunity in response to a PPA-3, avian PPD and PBS were carried out. In addition, a blood
PCR technique was used to detect bacteraemia. Animals were classified into four stages or
immunopathological forms based on the results of immunity and bacteraemia: animals
showing basal levels of cellular and humoral immunity and, therefore, considered as
uninfected defined an Apathogenic/Non-bacteraemic Form. Animals showing a moderately
intense but apparently efficient non-specific innate immune response and both specific
cellular and humoral adaptive immune responses at moderate values, apparently tolerated
the presence of Mycobacterium avium subsp. paratuberculosis (Map), were classified as in
an Apathogenic/Bacteraemic Form. These could correspond with the focal lesional forms
with little presence of acid alcohol resistant bacilli that do not alter the histological structure of
the intestine or lymph nodes as described by Gonzalez et al. (2005). A Pathogenic/Non-
Bacteraemic Form was defined for animals with an intense and uncontrolled innate immune
response, which would likely be responsible for the tissue damage, and an equally increased
specific cellular response that could be containing the diffusion of Map, and which would be
translated into negative bacteraemia. This form could be assimilated to the previously
defined as diffuse limphocytic paucibacillar lesional forms. The Pathogenic/Bacteraemic
Form would represent an intense innate immune response that would be producing tissue
damage. The specific cellular response was higher than that of apathogenic forms, but lower
than those of the non-bacteraemic group. This suggests an inability to control the spread of
the infection that would allow the circulation of mycobacteria. These, in turn, could act as an
stimulus for humoral immunity which causes this group to have high levels of antibodies. The
diffuse multibacillary lesional forms according to Gonzalez et al. (2005) would be consistent
with this form. In conclusion, the model presented here, although very broad and panoramic
and with few specific details, points out the relevance of innate immune responses that
probably are common to other slow infections caused by low virulence pathogens.
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Immune correlations with paucibacillary and multibacillary disease in sheep
naturally infected with Mycobacterium avium subspecies paratuberculosis

Gillan SM, O'Brien R, Griffin F
Department of Microbiology and Immunology, University of Otago, New Zealand

There are two possible disease outcomes in ovine Johne’s Disease. Paucibacillary (PB)
disease is defined by lymphocyte infiltration, a Type 1 immune response and few acid fast
organisms present within lesions. Multibacillary (MB) disease is defined by macrophage
infiltration, a Type 2 immune response and many acid fast organisms. Sheep with severe
Johne’s Disease were identified from within several small herds, necropsied, and blood and
mesenteric lymph node samples harvested. Culture and histology results were used to define
two groups; sheep with varying severity PB disease, and sheep with severe MB disease.
Samples were further analysed by IFNy ELISA, 1gG1 antibody ELISA, flow cytometry and
real-time PCR. This data was correlated with both disease status and disease severity to
determine whether these naturally infected sheep have classical PB or MB immune profiles.
This data revealed a strong johnin specific proliferative response in the PB diseased group
and a less responsive antibody-based response in the MB diseased group. This was
demonstrated by high levels of IFNy protein and mRNA accompanied by increases in all cell
populations monitored after stimulation with johnin in PB diseased animals. There were also
higher levels of inherent IFNy mRNA in the blood but not the posterior jejunal lymph node.
These observations were in contrast to MB diseased animals which exhibited low levels of
IFNy protein and mRNA, no change in the cell populations monitored after stimulation with
johnin, but high 1gG1 antibody levels, high circulating levels of BCR+ cells, and high levels of
inherent IL-10 mRNA in the posterior jejunal lymph node but not the blood. Interestingly both
diseased groups had lower levels of inherent IL-4 mRNA in the blood and posterior jejunal
lymph node than the control non-diseased animals. This data will also be compared to data
from a current vaccine trial to investigate the effects of vaccination on disease development.
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single nucleotide polymorphisms in bovine Toll-Like Receptor 2
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Paratuberculosis is a chronic intestinal infection in ruminants, caused by Mycobacterium
avium subspecies paratuberculosis (Map). To study the role of host genetics in disease
susceptibility 9 candidate genes (Toll-like receptors 2 and 6, Interleukin-10, Interleukin-
12p35, Interleukin-12p40, Interleukin-12 receptor 1, Interferon-y, Interferon-y receptor 1,
and NOD2/CARD15) selected for their potential role in immunity to mycobacterial infections
were analysed for single nucleotide polymorphisms (SNP) and disease association.

For SNP discovery and disease association, a case-control study including 24 cows
from farms with paratuberculosis was conducted. Sequence analysis of the 9 candidate
genes from 12 paratuberculosis infected animals, and 12 age-matched healthy herd-mates,
revealed 35 different SNP. The TLR2-1903T/C SNP was significantly associated with
resistance to Map. This and 11 additional SNP were studied in a subsequent cohort study
with 553 cows from farms with paratuberculosis. The allelic distribution of the TLR2-1903 T/C
SNP was confirmed, and the TLR2-385 T/G SNP was also found to be significantly different
between the infected and non-infected animals. In in vitro functional assays, ligand binding
by the TLR2 of the resistant haplotype induced higher in vitro NFkB production as compared
to the TLR2 of the susceptible haplotype. These findings suggest that higher activity may
contribute to enhanced cell activation and a lower susceptibility to paratuberculosis.

In conclusion these data support previous work indicating a role for host genetics in
susceptibility to bovine paratuberculosis, and the current study specifically identified the
diversity in the TLR2 gene in the cattle population to be involved in resistance to bovine
paratuberculosis.
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Mycobacterium avium subsp. paratuberculosis Challenge
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Paratuberculosis, also called as Johne’s Disease (JD) is a chronic infectious disease of
ruminants caused by Mycobacterium avium subsp. paratuberculosis (MAP), and
development of improved vaccines is urgently required considering its economic importance.
Here, we report the cloning and expression of a 74kDa recombinant fusion protein (Map 74F)
and evaluation of its protective efficacy against MAP challenge in mice. Map74F was
generated by the sequential linkage in tandem of the ORFs of the~17.6-kDa C-terminal
fragment of Map3527 to the full-length ORF of Map1519, followed at the C terminus with
~14.6-kDa N-terminal portion of Map3527. C57BL/6 mice immunized with Map74F along with
MPL+TDM emulsion had a significant IgG1 response but not IgG2a. In vaccinated animals,
the 19G1/1gG2, ratio which increased until 4 wk after MAP challenge, decreased gradually
from 8 wk indicating a possible shift to a Th1l response. Antigen specific IFN-y responses
measured by IFN-y ELISA and ELISPOT assay were significantly higher in mice immunized
with Map 74F than the control animals. The results revealed that IL-4 and IL-10 mRNA
expression by spleen cells from immunized animals were higher than that of control animals,
whereas no significant differences were detected in the expression levels of other cytokine
genes including IL-2, IL-12, TNF-a and IFN-y. Antigen specific CD3" and CD4" T cell
populations increased significantly in mice immunized with Map 74F, whereas, no significant
differences were detected in the CD8" T cell populations between the immunized and control
animals. Following challenge, MAP load was significantly lower in spleen, liver and
mesenteric lymph nodes of immunized animals compared to the control animals indicating
protection against MAP infection. This was further evident by the improved spleen and liver
pathology of the immunized animals which had fewer granulomas and lesser numbers of
acid-fast bacilli. Results of our study indicated that immunization of mice with Map74F
protected mice against MAP infection.

77



Proceedings of 9ICP - 2007

Development and characterization of attenuated mutant
candidate vaccines for control of paratuberculosis

Park KT!, Dahl JL?, Bannantine JP?, Barletta RG*,
Allen AJ*, Hamilton MJ*, Park MK?, Davis WC*

'Department of Veterinary Microbiology and Pathology, College of Veterinary Medicine;
?School of Molecular Biosciences, Washington State University, Pullman, WA;
®*National Animal Disease Center, USDA-ARS, Ames, lowa;

*Department of Veterinary and Biomedical Sciences, University of Nebraska, Lincoln, NE, USA

Mycobacterium avium subsp. paratuberculosis (Map) is the causative pathogen of Johne’s
disease, a chronic inflammatory wasting disease in ruminants. The disease has been difficult
to control because of the lack of an effective vaccine. To develop a live attenuated vaccine
for Map, as well for the study of specific gene function in Map, an efficient method for
generating targeted gene mutation is urgently needed. Here, we report an efficient allelic
exchange mutagenesis system in Map using an in-vitro generated specialized transducing
mycobacteriophage (phAE87). Three genes were selected for this study based on their
known function in other mycobacteria: pknG and relA, genes known to be important virulence
factors in pathogenic mycobacteria and Isr2, a gene regulating several important pathways
related to lipid biosynthesis and multi-drug tolerance in mycobacteria. All three genes were
successfully disrupted in a virulent strain, Map K10, as well as in a recombinant strain
expressing the green fluorescent protein gene, gfp. The GFP tagged mutants will prove
useful for intracellular studies as well as distinguishing vaccinated animals from naturally
infected animals. With the optimized conditions we developed, we obtained allelic exchange
frequencies of 78 - 100 % with a transduction frequency of 9.5 x 10-8 - 1.6 x 10-7. As
predicted by its role in other mycobacteria, Alsr2 showed strikingly different morphology on
agar medium compared to wild type. In addition, it failed to form a pellicle in standing broth
culture without shaking. To investigate whether the disrupted genes affect the capacity of
Map to survive following phagocytosis, an in-vitro infection assay was conducted. Peripheral
blood mononuclear cell derived macrophages were infected with each mutant or wild type at
MOI of 10. Colony forming units (CFUs) were measured at each time point. On day 1 after
infection, while CFU of K10 was increased about 38 % compared to baseline CFU (Time 0),
CFU of three mutants was similar or slightly decreased compared to baseline CFU. On day 3,
all mutants showed a significant decrease in survival compared to wild type (Percentage of
CFU on day 3 compared to baseline CFU: K10, 84.4 %; Alsr2, 38.9 %; ArelA, 37.8 %; ApknG,
49.5 %). Further studies on characterization of the mutants are now in progress. The
improved method of selectively disrupting genes provides an opportunity to gain insight into
specific gene function, mechanisms of pathogenesis and development of an effective
vaccine for Map.
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Urocortin (UCN) is a new neuropeptide of the corticotrophin-releasing hormone (CRH) family
which plays an important role in immune responses. Mycobacterium avium subspecies
paratuberculosis (Map) is the etiological agent of paratuberculosis (Johne's disease). The
role of UCN or CRH in the pathogenesis of Map-infection is unknown. In the present study,
we first cloned the bovine UCN gene and demonstrated the profile of UCN or CRH
expression in peripheral blood cells from Map-infected cattle and uninfected controls by real-
time reverse transcription-polymerase chain reaction (RT-PCR) and ELISA analysis. These
data are the first observations of the characteristic kinetics of these neuropeptides in Map-
infection. UCN or CRH expression in non-stimulated blood samples from infected cattle was
higher than that in similarly treated samples from uninfected controls; however, exposure to
Map lysate and live Map resulted in down-regulated expression of UCN in infected cattle
compared to their counterparts from uninfected controls. These results have provided a
direction in understanding the pathogenesis of paratuberculosis and improving diagnostic
methods for Map-infection
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Mycobacterium avium subsp. paratuberculosis (Map) is the causative pathogen of Johne’s
disease, a chronic inflammatory wasting disease in ruminants. The disease has been difficult
to control because of the lack of an effective vaccine. To develop a live attenuated vaccine
for Map, as well for the study of specific gene function in Map, an efficient method for
generating targeted gene mutation is urgently needed. Here, we report an efficient allelic
exchange mutagenesis system in Map using an in-vitro generated specialized transducing
mycobacteriophage (phAE87). Three genes were selected for this study based on their
known function in other mycobacteria: pknG and relA, genes known to be important virulence
factors in pathogenic mycobacteria and Isr2, a gene regulating several important pathways
related to lipid biosynthesis and multi-drug tolerance in mycobacteria. All three genes were
successfully disrupted in a virulent strain, Map K10, as well as in a recombinant strain
expressing the green fluorescent protein gene, gfp. The GFP tagged mutants will prove
useful for intracellular studies as well as distinguishing vaccinated animals from naturally
infected animals. With the optimized conditions we developed, we obtained allelic exchange
frequencies of 78 - 100 % with a transduction frequency of 9.5 x 10® - 1.6 x 107. As
predicted by its role in other mycobacteria, Alsr2 showed strikingly different morphology on
agar medium compared to wild type. In addition, it failed to form a pellicle in standing broth
culture without shaking. To investigate whether the disrupted genes affect the capacity of
Map to survive following phagocytosis, an in-vitro infection assay was conducted. Peripheral
blood mononuclear cell derived macrophages were infected with each mutant or wild type at
MOI of 10. Colony forming units (CFUs) were measured at each time point. On day 1 after
infection, while CFU of K10 was increased about 38 % compared to baseline CFU (Time 0),
CFU of three mutants was similar or slightly decreased compared to baseline CFU. On day 3,
all mutants showed a significant decrease in survival compared to wild type (Percentage of
CFU on day 3 compared to baseline CFU: K10, 84.4 %; Alsr2, 38.9 %; ArelA, 37.8 %; ApknG,
49.5 %). Further studies on characterization of the mutants are now in progress. The
improved method of selectively disrupting genes provides an opportunity to gain insight into
specific gene function, mechanisms of pathogenesis and development of an effective
vaccine for Map.

80



Proceedings of 9ICP - 2007

Comparison of the cell-mediated immune responses to reduced doses of
Mycobacterium avium ssp paratuberculosis vaccine in cattle

Platt R', Roth J*, Stalberger R?, Thoen C!, Chiang Y-W?, Chu H-J*

'Department of Veterinary Microbiology and Preventive Medicine, College of Veterinary Medicine,
lowa State University, Ames, IA 50011, °Decorah Veterinary Clinic, Decorah, IA 52101, *Fort Dodge
Animal Health, 800 5th St NW, Fort Dodge, |A 50501

The effectiveness of Mycobacterium avium ssp paratuberculosis (MAP) killed-cell in oil
vaccine at full, half, and quarter doses for inducing T cell mediated immune responses was
evaluated using three groups of 10 age-matched calves (1-35 days of age). Another group of
10 calves were mock vaccinated and served as a control group. At 2 and 4 months after
vaccination, blood samples were collected for cell-mediated immunity assays. MAP-PPD was
used as recall antigen in the whole blood (WB) IFN-y assay to detect the extracellular
interferon gamma (IFN-y expression and in the multi-parameter flow cytometry assay to
detect the expression of high affinity IL-2 receptor (CD25), intracellular IFN and intracellular
interleukin-4 (IL-4) expression by CD4+, CD8+, and yd TCR+ T cells. At 2 months after
vaccination, the WB IFN assay and the multi-parameter flow cytometry assay showed
significant (P<0.05) increases in CD25, IFN-y, and IL-4 expression in all T cell subsets of the
full dose vaccinated group compared to the control group (except that the yd TCR+ T cells
did not express IL-4). Among the 3 vaccinated groups, the responses were not significantly
different. At 4 months after vaccination, the WB IFN assay responses of the full and quarter
dose vaccinated groups were still significantly higher than the control group (P<0.05). By 4
months after vaccination, at least 2 of the 3 vaccinated groups had significant increases in
CDA4+ cell expression of CD25, IFN-y, and IL-4. The CD8+ T cells did not have detectable
increases in expression of either CD25, IFN-y, or IL-4, and the yd TCR+ T cells had
increased expression of CD25 and IFN-y but not IL-4. There were no significant differences
between the vaccinated groups. The results demonstrate that the WB IFN-y and the multi-
parameter flow cytometry assays could detect significant T cell specific responses to MAP-
PPD at 2 months after vaccination but the responses decreased when detected at 4 months
after vaccination. All three doses of vaccine were able to induce similar significant responses
to MAP-PPD with both assays.
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Robinson MW, O'Brien R*, Mackintosh C?, Griffin F*

'Department of Microbiology and Immunology, University of Otago, Dunedin, New Zealand;
“AgResearch Invermay, Dunedin, New Zealand

The differences between immune responses in red deer with either low-grade or high-grade
histopathology were profiled following vaccination with a killed whole cell Map vaccine with
mineral oil adjuvant and experimental challenge with Mycobacterium avium subspecies
paratuberculosis (Map). Immune responses generated were monitored using a Map-specific
IgG1 antibody ELISA, an interferon gamma ELISA and flow cytometry. The initial 24 animals
in the study were divided into 6 outcome groups on the basis of histological and culture data
available post-mortem. Animals mounted a mixed immune response to both vaccination and
experimental challenge characterised by high levels of interferon gamma and significant
antibody responses. The profile of the Map-specific IgG1 response in the unvaccinated and
challenged group showed marked differences between animals with low-grade and high-
grade histopathology. Unvaccinated animals with low-grade histopathology tended to show
cross-reactive interferon gamma responses. No significant differences were observed in the
circulating cell populations. Vaccination eliminated immunological differences between the
low and high-grade histopathology groups and affected Johne’s disease diagnosis. These
profiles provide information on the different immune processes that affect Johne’s disease
progression in red deer.
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Differential cytokine gene expression profiles in the three pathological forms of
sheep paratuberculosis

Smeed JA, Watkins C, Rhind S, Hopkins J
The University of Edinburgh

Three forms of Johne’s disease have been described in sheep — multibacillary, paucibacillary
and asymptomatic. We used real-time RT-PCR to compare the expression of thirteen
cytokine and cytokine-related genes in ileal tissue from sheep with these three forms of the
disease to try to understand the immune responses underpinning these three pathologies.
Three pathological forms of sheep paratuberculosis were defined on the basis of
histopathology, cytochemistry (Ziehl-Neelsen) and 1S900 PCR. Paucibacillary lesions have
lymphocytic infiltration and are ZN negative; multibacillary lesions have macrophage
infiltration and large numbers of acid-fast bacteria. The pauci- and multibacillary forms are
linked to the differential expression of IFNy and IL-10 respectively. In addition the increased
levels of the proinflammatory cytokines (IL-1p and TNFa), IL-8, IL-18 and TRAF-1 in both
diseased forms is indicative of persistent inflammatory lesions. No changes were seen in IL-
la in any sheep ileum tissues. Asymptomatic animals are IS900+ with normal histology but
have significantly decreased levels of IL-18 and increased levels of TNFa and thus can be
distinguished, in terms of cytokine expression profile, from uninfected controls.
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Mechanisms used by MAP to impair CD40-mediated IL-12p40 and iNOS gene
expression in bovine monocyte-derived macrophages

Sommer S, Colvin CJ, Coussens PM

Molecular Pathogenesis Laboratory, Dept. of Animal Science, Michigan State University, East Lansing,
MI 48824, USA

Mycobacterium avium ssp. paratuberculosis (MAP) is a facultative intracellular pathogen,
residing in subepithelial macrophages. Clearance of MAP critically depends upon an
appropriate pro-inflammatory and cytotoxic Th-1 immune response leading to activation
and/or lysis of persistently infected macrophages to promote bacterial killing. However, work
in vivo has shown that the appropriate Th-1 immune response occurring early in MAP
infection is lost, followed by an ineffective, antibody-mediated Th-2 response. Our overall
hypothesis is that once MAP persists within naive macrophages, it reduces the ability of
infected macrophages to react to normal T cell signaling thereby macrophages fail to be
activated and destroy MAP, and fail to properly signal T cells to respond. To test this
hypothesis, we investigated the effect of MAP infection on CD40 signaling, a main pathway
used by T cells to activate macrophages. Using Q-RT-PCR analysis, we recently
demonstrated that once bovine monocyte-derived macrophages (MDM) are infected with
MAP, they fail to up-regulate the expression of INOS and IL-12p40 encoding genes in
response to CD40 ligand (CD40L). Our recent studies investigate possible mechanisms that
are responsible for MAP-specific changes in CD40L-mediated gene expression. Using flow
cytometric analysis we demonstrated that failure of infected macrophages to respond to
CD40L was not due to down-regulation of CD40 on the cell surface of MAP-infected MDM.
Studies with specific inhibitors revealed that the CD40L-mediated increase in IL-12p40 and
INOS gene expression is dependent upon activation of p38. However, western blot analysis
revealed that interference with CD40L-mediated increases in gene expression does not
appear to be due to prevention of early and rapid p38 activation. Paradoxically, while p38
activation in CD40L-stimulated MDM cells is only transient, we observed a sustained p38
activity in MAP-infected MDM cells upon CD40L stimulation, suggesting p38 plays a role in
MAP interference with CD40 signaling. Additionally, our data revealed the possibility of a
third potential mechanism. We observed a dramatic increase in IL-10 gene expression in
MAP-infected MDM upon CD40L stimulation relative to uninfected cells. IL-10 has been
shown to negatively regulate IL-12p40 gene expression. Therefore, we hypothesize that
MAP-induced IL-10 expression at early times following CD40 signaling interferes with
subsequent IL-12p40 and iINOS expression. Continuing studies are underway to uncover the
role of sustained p38 activity and enhanced IL-10 expression for MAP interference with
CDA40 signaling in infected macrophages.
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Mycobacterium paratuberculosis under stress: What can the bacteria do?
Talaat AM
University of Wisconsin-Madison, Madison, WI USA and Cairo University, Egypt.

Mycobacterium avium subspecies paratuberculosis (M. ap) causes an enteric infection in
cattle, with a great impact on the dairy industry in the United States and worldwide.
Characterizing the gene expression profile of M. ap exposed to different stress conditions
could improve our understanding of the pathogenesis of M. ap. Recently, we profiled the
stress responses of M. ap on a genome-wide level (stressome) using oligonucleotides DNA
microarrays. Expression data analysis revealed unique gene groups of M. ap that were
regulated under in vitro stressors or in biofilm cultures while additional groups were regulated
in fecal samples collected from clinically infected cows. Interestingly, acidic pH induced the
regulation of a large number of genes (N=597) suggesting the high sensitivity of M. ap to
acidic environments. Generally, responses to heat shock, acidity and oxidative stress were
similar in M. ap and M. tuberculosis suggesting common pathways for mycobacterial defense
against stressors. Additionally, we analyzed the virulence of 7 M. ap mutants with inactivation
of differentially-regulated genes using a murine model of paratuberculosis. Both bacterial and
histopathological examinations indicated the attenuation of all gene mutants, especially those
selected based on their expression in the cow samples (e.qg., lipN). This analysis also
indicated the key role played by genes encoding lipases that are induced in clinically infected
cows. Overall, the employed approach profiled mycobacterial genes responsive to variable
stress conditions including those activated in fecal samples. Also a list of potential virulence
genes was characterized. In this communication, we will further analyze the contribution of
our findings to the understanding of the molecular pathogenesis of Johne’s disease.
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Biofilm and Virulence of Mycobacterium avium subspecies paratuberculosis
Wu C-W, Schmoller SK, Talaat AM

Laboratory of Bacterial Genomics, Department of Pathobiological Sciences, University of Wisconsin-
Madison, 1656 Linden Drive, Madison, WI 53706

Formation of biofilms by pathogenic bacteria plays a key role in their pathogenesis,
especially when the bacteria establish an infection in adverse environments. We examined
the genetic basis of biofilm formation in Mycobacterium avium subspecies paratuberculosis
(M. ap), the causative agent of Johne’s disease in cattle and a potential risk factor associated
with Crohn’s disease in humans. A transposon mutant of M. ap with an inactivation of the
pstA gene was shown to have reduced abilities to form biofilms on PVC plates, and to
colonize mouse organs in a murine model of paratuberculosis. Similar results were obtained
when a surgical model of intestinal invasion in cattle was utilized to assay the invasion of the
pstA mutant, suggesting a role for this gene in biofilm formation and virulence of M. ap.
Finally, genome-wide transcriptional analysis of biofilm and planktonic cultures of M. ap
profiled M. ap biofilms as stress-responsive structures, especially against oxidation and
hypoxia. Overall, the analysis of M. ap biofilm reveals the importance of the pstA gene in
biofilm formation and the pathogenesis of M. ap. The knowledge generated in this study will
facilitate the analysis of other mycobacterial species that infect humans and animals and can
provide a model for the analysis of other biofilm-forming pathogens.
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Diagnosis of bovine paratuberculosis:
sensitivity of a commercial ELISA test on bovine bulk milk

Arrigoni N*, Cammi G*, Losini I', Taddei R*, Tamba M?, Belletti GL*

Y1stituto Zooprofilattico Sperimentale della Lombardia e del’Emilia-Romagna, Centro di Referenza
Nazionale per la Paratubercolosi - Piacenza, Italy; ?|stituto Zooprofilattico Sperimentale della
Lombardia e del’Emilia-Romagna, Centro Emiliano-Romagnolo Epidemiologia Veterinaria - Bologna,
Italy

INTRODUCTION
Serological ELISA test on individual milk has given promising results in paratuberculosis
diagnosis, showing a sensitivity only slightly lower than the same test on blood samples
(K=0.81-0.91) (Arrigoni et al., 2004; van Weering et al., 2007).

The reported specificity of Pourquier ELISA test on milk varies between 99.8-100% on
individual milk and 100% on bulk milk (van Weering et al., 2007; Arrigoni et al., 2004).

The objective of this study was to investigate the relative sensitivity of a commercial
ELISA test in detecting antibodies against Mycobacterium avium subsp. paratuberculosis in
bulk milk of infected herds, compared with the results of ELISA individual test on blood.

MATERIALS AND METHODS

This study was carried out on 52 dairy herds, previously classified as positive for Map
infection by an ELISA test (Institut Pourquier), performed on individual blood samples of
cows over one year of age. When the number of seropositive animals was below a statistical
threshold, the positivity was confirmed by faecal culture (Arrigoni et al., 2006).

On the basis of the prevalence of seropositive animals, the herds were classified as:

* “low prevalence” herds (<5%);

¢ “moderate prevalence” herds (5-15%);

« “high prevalence” herds (>15%).

The bulk milk of the infected herds was repeatedly sampled, each farm being submitted
to an average of 3.5 samples, at a frequency interval of at least 30 days, with the aim of
sampling all the lactating cows, resulting in a total of 183 bulk milk samples being collected.

The ELISA test on milk was performed by Mycobacterium paratuberculosis ELISA kit
(Institut Pourquier), following the manufacturer’s instructions.

RESULTS
In the statistical analysis, all the positive and inconclusive samples were classified as
“reactive”, following the manufacturer’s instructions.

Fifty five samples (30.1%) of 183 samples assessed tested positive and were distributed
as follows: 8 samples (11.1%) out of 72 coming from “low prevalence” herds, 32 samples
(83.7%) out of 95 coming from “moderate prevalence” herds, and 15 samples (93.8%) out of
16 coming from “high prevalence” herds.

On the whole, taking into consideration the herds, 21 herds out of 52 controlled (40.4%)
registered at least one positive sample, and were distributed as follows: 4/21 (19.0%) coming
from “low prevalence” herds, 13/27 (48.1%) coming from “moderate prevalence” herds, and
4/4 (100.0%) coming from “high prevalence” herds.

The overall relative sensitivity of ELISA test on bulk milk resulted 30.1% (95% C.I.: 27.5-
37.3%).

The repeated sampling enhanced the sensitivity value of the test; in fact, testing 3.5 times
the bulk milk of the same herd, it was possible to reveal 40.4% (95% C.I.: 27.0-54.9%) of the
infected herds.

89



Proceedings of 9ICP - 2007

DISCUSSION AND CONCLUSIONS

The ELISA test is a rapid, economic and cost-effective diagnostic tool, with a high-throughput
for the laboratory; furthermore, the ELISA paratuberculosis test can be applied on bulk milk
samples collected for Brucellosis and Leukosis diagnosis, lowering the sampling costs.

The data shown in this paper agrees with the results of analogous studies carried out in
Holland, where the sensitivity was 24-30% (van Maanen et al., 2005; van Weering et al.,
2007).

The overall sensitivity of the ELISA test appeared strongly correlated with the herd sero-
prevalence; in particular, the test was very sensitive (93.8% on a single sample, 100% on
repeated samples) in herds where the sero-prevalence was over 15%; for this reason the
use of this test could be recommended to detect high prevalence herds, more frequently
producing Map contaminated milk.

On the other hand, for its low overall sensitivity (30.1% on a single sample, 40.4% on
repeated samples) the ELISA test on bulk milk is not a suitable tool in paratuberculosis
certification programmes.
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Nested Polymerase Chain Reaction for detection of Mycobacterium avium
subspecies paratuberculosis in bovine allantoic fluid and fetuses

Buergelt CD, Williams JE, Decker JH, Monif G, Pinedo P

University of Florida, Dept. of Infectious Diseases and Pathology, College of Veterinary Medicine,USA

INTRODUCTION

Paratuberculosis (Johne’s disease), an insidious infectious disease of ruminants, occurs
worldwide. The disease is caused by Mycobacterium avium subsp. paratuberculosis (Map), a
facultative intracellular pathogen. It is currently believed that the principal pathway of
transmission of Map is the fecal-oral route and that the calf is the most susceptible to such
transmission.

Culture studies have shown that between 20% and 40% of fetuses from cows with
advanced Johne’s disease were infected in —utero, compared with 9% of fetuses being
culture positive from subclinical cows (Sweeney et al., 1992). Because presently there is no
possibility to identify such in-utero infected calves prenatally, the decision to keep a calf born
to a proven infected dam as replacement is difficult after infection detection in the dam
regardless of the diagnostic method chosen.

Here we report the feasibility of the nested PCR technique for potential application as
prenatal test in the cow via placental fluid collection during late pregnancy.

MATERIALS AND METHODS

Animals

The 12 pregnant cows investigated were all Holsteins and were obtained from 4 dairy herds
with a proven history of paratuberculosis. Pregnant animals were selected for studies when
they developed clinical signs of paratuberculosis, had positive Map serology results or had
positive Map results on blood nested PCR or milk nested PCR when still lactating.

Preparation of Animals for Percutaneous Allantoiscentesis

Animals were tied into a headstand. Rectal examination was performed to determine the site
of pregnancy in the uterus (right or left uterine horn). Once the site was determined, the hair
of the ventral flank of that site above the udder was shaven, and the skin was cleaned with
warm water and soap. The prepared area was sterilized with alcohol and iodine. Lidocaine
(2%) was applied into the subcutis with a syringe to locally sedate the skin. Fetal fluid was
collected by inserting dorso-cranially a 18-gauge spinal needle through the abdominal wall
and into the allantoic cavity. Fluid was collected by free flow or aspiration with a 12 mL
syringe. Fluid collection was attempted on the standing animals every second day up to five
times all together.

Specimen Handling

Tissues from fetal liver, spleen, lung and brain as well as tissues from the placentome were
prepared for nPCR by touchpressing on glass slides. After air-drying, 200 uL of 0.2N NaOH
were dispersed over tissues and a sterile razor blade was used to scrape samples from the
glass slides. Samples were placed into 1.5 mL centrifuge tubes and boiled at 110°C for 20
minutes. For the PCR reaction, 1 mL of supernatant was chosen. Liquid samples from the
allantoic cavity (50 mL) and fetal abomasum(25 mL) were centrifuged for 60 minutes at 1,000
g. Pellets were washed 3x with PBS, suspended in 0.2 NaOH and boiled.

PCR

A nested PCR developed in our laboratory and previously described (Buergelt and Williams,
2003) was used for identifying Map in allantoic fluid and fetal tissue samples. A volume of 10
pL of the PCR reaction products was run on 1.5% agarose gel by electrophoresis in TAE
running buffer (Continental Lab Products, San Diego,CA). DNA extracted from
Mycobacterium avium subspecies paratuberculosis laboratory strain No. 295 was used as
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positive control for primers P90, P91 and J1, J2(nested control). Sterile water was used as
negative control for the PCR assay. Gel inspection was performed using ultraviolet light and
recorded with a computerized digital camera (UVP Transilluminator System, Upland,CA).

ELISA

The ELISA originally developed by W.D. Richard (Allied Laboratories, Ames, 1A) was
performed with crude, soluble protoplasmic antigen (Allied Monitor, Fayette,MO). The test
sera were preabsorbed with Mycobacterium phlei. Results were calculated for wavelength
readings (OD at 405 nm) of triplicates and recorded as negative (<1.5 OD), suspicious (1.5 to
1.9 OD), and positive (>2.0 OD).

AGID
The same crude antigen that was used for the ELISA was selected for the agar-gel
immunodiffusion test. Final readings were performed after 48 hours.

Histopathology

Tissue sections collected after a complete necropsy were fixed in 10 % buffered formalin,
paraffinized, cut on a microtome, stained with hematoxylin-eosin (H & E) and acid fast stains
(Fite's) and examined under a lightmicroscope to qualitatively determine the extent of the
granulomatous inflammation and the number of acid-fast bacilli.

RESULTS

The average age of the cows was 5.6 years. Necropsy confirmed that all cows had
paratuberculosis characterized by granulomatous enteritis and mesenteric lymphadenitis and
the presence of intralesional acid-fast bacilli. All were pregnant with cow #10 having twins.
The average gestational stage was 6.4 months. The sex of the fetuses was male in 7 and
female in 5 animals. All but one animal had a positive ELISA reading and 8 of 12 animals
were positive on agar gel immunodiffusion. Blood nPCR showed 4 of 12 cows positive and 2
of 10 cows had a positive milk nPCR reading. Fecal culture was not attempted. The
placentome when subjected to nPCR was positive in 2 of 4 tissues examined. In cow # 9 the
placentome showed an individual cluster of acid-fast bacilli on touch preparation examined
under the light-microscope. There was no evidence of a granulomatous inflammatory
response in the placentome tissue. Allantoic fluid was positive on nPCR in 1 of 12 animals.
Fetal tissue had positive nPCR reaction products in 3 of the spleens tested, in 2 of the livers
tested, in 1 of the 2 brains tested and in the abomasal fluid of one of 10 samples tested.
When the fetal tissues were examined microscopically, they showed no evidence of an
inflammatory response or evidence of acid-fast bacilli.

DISCUSSION
The detection of Map DNA by nested PCR in fetal fluids and various fetal tissues supports
the concept that Johne’s disease is a disseminated infectious disease with in-utero
transmission as a possibility to be considered in addition to the traditional fecal-oral route.
This additional pathway of transmission should be considered in the epidemiology and
control of the disease through testing and culling. The management is often reluctant to
remove the offspring together with infected dams from the herd. The diagnosis of prenatal
infection via allantoiscentesis is considered a possibility to help along this decision process.
The results from a small population of 12 pregnant infected cows demonstrate that
Map is transmitted transplacentally, even though bacterial DNA may not appear very often in
placental fluid. This may be the result of a low number of bacilli in comparison with the large
volume of placental fluid during late pregnancy or the low nhumber of phagocytes in the fluid
to be used by the bacilli for replication. The successful isolation of Map DNA in the allantoic
fluid at necropsy in a previous cow at 2 months of gestation might reflect this volume
disadvantage (Buergelt and Williams, 2003). While the technique of percutaneous
allantoiscentesis on the standing animal in late gestation can be easily performed technically
(Callan et al., 2002), it may have the disadvantage to dilute the few bacilli shed from the fetus
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within the fluid at the time when this technique is attempted during late pregnancy. The
presence of PCR inhibitory substances in the allantoic fluid might have also influenced the
DNA amplification outcome. The identification of acid-fast bacilli in one randomly collected
placentome by lightmicroscopy is additional proof of transplacental transmission of Map.

Cultural isolation of Map from fetuses has been reported form the UK and US
(Sweeney et al., 1992). A tissue reaction such as inflammation to the presence of organisms
was not noticed in all fetuses of various gestations upon microscopic examination. It appears
that fetuses are immuno-tolerant to the virulence of Map bacilli, regardless of gestational
age.

CONCLUSION

It is technically possible to obtain allantoic fluid for prenatal Map infection testing and easily
to be performed aseptically in late pregnancy (> 7months) without inducing peritonitis or
abortion. The positive nested PCR in the allantoic fluid of only 1/12 animals is disappointing.
More late term pregnant animals should be tested to yield a data base. The detection of Map
DNA in various fetal tissues (50%) supports the concept of trans-uterine transmission of Map
in addition to the oral-fecal or milk route of transmission and should be of concern to the
management of disease control by test and cull of only infected adult animals.
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Paratuberculosis in sheep: diagnostic methods and genetic susceptibility
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INTRODUCTION
While many features of infection caused by Mycobacterium avium subspecies
paratuberculosis are similar across ruminant species, the clinical presentation, and the
availability, performance, and interpretation of diagnostic tests differ between cattle and other
ruminants such as sheep and goats. Variations among the M. avium paratuberculosis
strains, isolated from different host species, may contribute to some of the differences.
Because of these variations, diagnostic tests validated in cattle should be fully validated in
sheep. Moreover, the clinical signs in affected sheep are sometimes not so evident, the
faecal culture needs a long incubation time, many ovine strains do not grow well on artificial
media and the cost of analysis is high related to the value of a single animal. The diagnosis
of paratuberculosis in sheep requires additional testing. The present study also attempted to
assess whether different genotypes may lead to different susceptibility in developing
paratuberculosis in sheep, as reported for human Crohn’s disease. Two genes, NRAMP1
(natural resistance-associated macrophage protein) and CARD15/NOD?2 (caspase
recruitment domainl ),which are associated with susceptibility to Crohn’s disease and Blau
Syndrome in man and are likely to influence the outcome of mycobacterial infection in many
species, have been analysed.
The objectives of the study were:
1) to compare different diagnostic tests in sheep;
2) to identify polymorphisms in NRAMP1 and CARD15/NOD2 sheep genes that could
be associated with the development of paratuberculosis.

MATERIALS AND METHODS

Serological data

1720 adult sheep from 4 flocks were analysed. We performed a first ELISA screening on
serum (Table 1). A second ELISA verification was performed on serum and milk of positive
individuals to confirm results (Table 2). A commercial kit (Institut Pourquier) was used to
diagnose paratuberculosis with the ELISA test. Sera were treated according to the enclosed
protocol. PCR on the specific insertion sequence 1S900 was carried out on faeces from
positive sheep. The results are reported in Table 3. A commercial kit (Institut Pourquier) was
used to diagnose paratuberculosis with the ELISA test. Sera and milk were treated according
to the enclosed protocol.

Table 1. Serum ELISA test: Screening and Verification

Sheep flock Total sheep  +screening  + verification % verif. vs. screen % Pos.
1 502 33 20 60% 3.9%
2 703 86 41 47% 5.8%
3 286 7 2 28% 0.7%
4 229 41 27 65% 11.0%

Total and Mean 1720 167 90 54% 5.2%

Table 2. ELISA: Milk vs. Serum

Flock + ELISA verification + ELISA milk % + milk vs. + serum
1 20 8 40%

2 41 22 54%
3 2 2 100%
4 27 6 22%
Total and mean 90 38 42%
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PCR

DNA extraction from tissues and faeces was conducted by means of QIAmp DNA minikit
(Qiagen) according to the enclosed protocol. A qualitative IS900 specific PCR was carried
out on the total extracted DNA to detect M. avium paratuberculosis. A commercial Adiavet
paratube (Adiagene) kit was used on purpose.

Table 3. PCR vs. ELISA

Flock + ELISA + PCR % PCR vs. ELISA
1 20 4 20%
2 41 7 17%
3 2 0 0%
4 27 2 7%
Total and mean 90 13 14%

Genetic analysis

DNA extracted from a total of 31 individuals (18 infected and 13 controls) using standard
methods was screened for polymorphisms. Primers for sequencing CARD15, unpublished in
sheep, were designed on the basis of Bos taurus sequences available in GenBank.
Fragments of exon 1 (901bp) and exon 2 (486bp) of NRAMP1 and of exon 1 (270pb), exon 2
(500pb), exon 3 (235 pb), exon 4 (2000 bp), and intron 1-2 (1008 pb) intron 5-6 (300 pb) and
the promoter region (541 pb) of CARD15 were amplified and sequenced. Each polymerase
chain reaction (PCR) was performed in volume of 30 pl containing 30 ng of genomic DNA,
1.6 pMol of each primer, 200 uM dNTPs, 1X PCR buffer and 0.2 units of Tag DNA
polymerase (Promega) on a PCR Express cycler (Hybaid). Polymerase chain reaction
products were purified through ExoSap-IT (USB Corporation) to remove residual primers and
dNTPs and used as templates for two sequencing reactions. Sequencing was performed
using a ceg8800 sequencer using DTCS QuickStart Kit (Beckman Coulter) and purifying with
Agencourt CleanSEQ 96 ( Beckman Coulter), according to manufacturers instructions. To
identify SNPs, sequences of at least six individuals were analysed and aligned with Bioedit
software (T.A. Hall 1999, Nucleic Acids Symp. Ser. 41: 95).

RESULTS AND CONCLUSIONS

Serological data

From our results the sero-prevalence among flocks were from 0.7% to 11%, with an average
prevalence of 5.23, only 42% of the sero-positive animals were also positive in milk ELISA
showing a sensitivity, which is very low if we consider that the sensitivity of the ELISA serum
test is already low at 45%. Individuals showing a higher value of S/P are more frequently to
be positive in both tests. So we can confirm that the ELISA S/P value is a useful tool in the
diagnosis of paratuberculosis, to assess the level of infection, particularly in subclinical
cases. ELISA in milk could only be used to find the infection in a flock in individual milk
samples.

PCR

PCR analysis confirms as positive only 14% of the samples. Difficulties are experienced in
recovering DNA from the small number of organisms in clinical specimens, especially in
complex samples such as faeces. The low sensitivity could be attributed to the presence of
low shedding of the MAP in faeces or PCR inhibition by faecal constituents.

We believe that the low sensitivity was most likely due to the extraction method used, which
was not adequate to recover small amounts of M. paratuberculosis. An extraction protocol for
the concentration and purification of M. avium subsp. paratuberculosis DNA from faecal
samples is needed in the future.
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Genetic Analysis

Sequences of sheep CARD15 are published in Gene Bank (accession number EF141018).
Exon 1 and exon 2 of NRAMP1 and exons 1, 2 and intron 1-2 of CARD 15 were
monomorphic on the analysed samples. Exon 4 and intron 5-6 resulted polymorphic,
showing different frequency estimates. A chi square test showed no significant associations
between SNPs in CARD15 and disease, even if the number of analysed samples should be
increased. A further step of the study will be to investigate a large cohort of infected animal
and controls. The results are shown in Tables 4 to 6.

Table 4. Results of genetic analysis

Gene Exon Intron Exon Intron polymorphic
monomorphic monomorphic polymorphic

NRAMP1 1-2

CARD15 1-2-3 1-2 4 5-6

Table 5. SNPs and Frequency in exon 4 of CARD15

Alleles Control Infected Frequency

C 9 10 61%

CIT 2 7 29%

T 1 2 10%
Frequency 39% 61%
P-value 0.43
Contingency coefficient 0.23
Chi-square 1.668
DF

Table 6. SNPs and Frequency in intron 5-6 of CARD15

Alleles Control Infected Frequency

A 2 8 33%

AIG 7 9 53%

G 2 2 14%
Frequency 37% 63%
P-value 0.40
Contingency coefficient 0.24
Chi-square 1.848
DF
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INTRODUCTION
Isolation of Mycobacterium avium subsp. paratuberculosis (Map) by faecal culture is the gold
standard test for in vivo diagnosis of paratuberculosis in infected animals. Culture detects
around 50-100 cells/g of faeces. But Map shedding varies according to the immuno-
pathological status of animals. The presence of sub-clinically infected animals and other
factors including infection with strains difficult to grow reduce considerably the sensitivity of
this method. In addition, Map culture is expensive, slow and laborious. Pooled faecal culture
reduces the number of cultures needed to diagnose paratuberculosis in farms (Kalis et al.,
2000; Whittington et al., 2000). But the samples in a positive pool must be re-cultured to
identify the animals excreting Map. Consequently, shedder animals remain unidentified in the
farm due to this delay in the time to diagnosis.

Thus, the aims of the present study were to evaluate a cross-pooled faecal culture
system and to evaluate the usefulness of the culture method described in combination with
the individual faecal PCR to reduce costs and the time to diagnosis.

MATERIALS AND METHODS

Phases

Phase 1: setting up of the cross-pooled culture method

Fifty faecal samples from a paratuberculosis affected Holstein herd in active production were
used. The calculated within-herd sero-prevalence was 5.45%. The samples were submitted
to individual and cross-pooled culture (described below) and the results obtained with both
methods were compared.

Phase 2: usefulness of a strategy combining the cross-pooled culture method with the
individual faecal PCR of positive pools. Comparison to results of general individual PCR.
Once the cross-pooled culture method was adopted faecal samples from 699 dairy cattle
from herds under paratuberculosis follow-up programs were tested. The samples were
cultured using the cross-pooled method. When the cross-pooled culture strategy could not
directly determine the final result of samples (inconclusive pooled culture), PCR of individual
faeces in the pool was carried out instead of using re-culture in order to quicken the
diagnosis. The results of pooled culture combined with those from PCR of inconclusive pools
(when needed) were summarized as “final result of culture”. Then a general PCR was
performed on all 699 individual faeces and the results were compared to those assigned by
“final result of culture”.

A variable called complementary sensitivity (CS) was calculated as the ratio of positive
results in only individual PCR method to the total number of positive results in the “final result
of culture” method (cross-pooled culture + PCR of inconclusive samples). This variable was
meant to represent the additional detection efficacy of one method over the other, assuming
both were highly specific.

Costs including both the materials and the labour for each diagnostic strategy were
calculated.

Individual faecal culture

The sedimentation culture technique described for Herrolds egg yolk (HEY) and Lowenstein-
Jensen (LJ) media by Aduriz et al. (1985) was used. Briefly, 38 ml of 0.75% HPC were
added to sterile filter-bags containing 2 g of faeces and the mixture was homogenized in a
lab blender. Bags were allowed to settle for 15 min and then 15 ml were aspirated drawing a
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perpendicular line with the pipette to collect material from different sites of the suspension,
and transferred to sterile centrifuge tubes. The tubes were left in a standing position for 18 h.
Finally 0.2 ml of the suspension at the bottom of the tube were used to inoculate 2 HEY and
2 LJ slants.

Cross-pooled faecal culture

The cross-pooled culture method lies in crossing pools of 5 samples in 5x5 squares of
samples (see Fig. 1). The number of cultures (pools in this case) to be done for each 5x5
square is 10. The advantage of the method is that positive samples can be directly identified
by crossing the culture result of pools. However, when the prevalence within the herd is 4%
or higher the likelihood of direct identification of positives is reduced as indicated a
preliminary statistic approach.

1] 6 |11 (16| 21 | pool A each pool

2| 7 ]12] 17| 22| pool B T ]
3| 8 (13| 18| 23 | poolC

41 9 |14 19| 24 | pool D

5|10 15| 20| 25 | pool E X 5 Slof;lmples
g é g § E 10¢g ffleces

B I I I B 190 ml HPC

Fig. 1. Graphic representation of 5x5 squares designed for cross-pooled culture. Numbers in the
square represent individual samples. Each pool contains 5 samples (2 g/sample). Ten cultures are
needed for every 25 samples (one 5x5 group).

Decontamination and concentration steps for pooled cultures were exactly the same as in
individual samples but with 10 g of faeces and 190 ml of HPC. The final volume transferred
from each pool bag after settling for 15 min was 50 ml.

DNA extraction and PCR

DNA from individual faecal samples was performed with ADIAPURE® extraction kit. Two pl
of purified DNA were used for PCR amplification with ADIAVET® and ADIAVET RealTime
PCR kits as described by the manufacturer (conventional ADIAVET PCR at the beginning
and RealTime PCR later).

RESULTS

Phase 1

According to the individual faecal culture 5 of the 50 cows analyzed (10%) were shedding
Map, a situation not interesting for the cross-pooled method. Due to this unfavourable
situation 11 samples could not be directly classified as positive or negative with this culture
method. In other words, the number of cultures needed to detect the same 5 shedder cows
with the new method was 31 (10 per 5x5 group=20 + 11 inconclusive). The reduction
achieved in the number of cultures needed using the pooled culture method was of 38%
compared to the individual culture, and the calculated costs were reduced by 27.1%.

Phase 2

Six-hundred and ten of the 699 samples were directly classified by the cross-pooled culture
method. The results obtained when the “final result of culture” strategy was applied are
shown in Table 1. For pooled culture samples were included in 28 groups of 5x5. In addition
to the 280 cultures 89 individual PCR tests were needed for the definitive diagnosis, since 89
samples were classified as inconclusive. A reduction of 52.8% was observed in the number
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of tests (cultures and PCRs) required. The reduction in the costs for diagnosis when “final
result of culture” was compared to the general individual culture was of 43.5%.

Table 1. Sample classification according to the cross-pooled culture result and PCR of individual
samples in inconclusive pools.

final result of culture” Total
+ —
+ 21 21
- 589 589
cross-pooled culture result >
. T 19 70 89
(inconclusive)
Total 40 659 699

Tcross-pooled culture result + PCR result of samples in inconclusive pools

The general individual PCR classified 86 samples as positive and 613 as negative
(Table 2). Six-hundred and thirty-nine samples obtained the same result in both categories,
33 positive and 606 negative. Seven positive samples were detected only by cross-pooled
culture but 53 samples that were negative in culture were classified as positive by the
individual PCR. Taking the “final result of culture” as the reference method the general
individual PCR showed a complementary sensitivity (CS) of 132.5%.

The costs for the “final result of culture” strategy were reduced by 14.14% in
comparison to the costs calculated for the general individual PCR system.

Table 2. “Final result of culture” against the general individual PCR results of all 699 samples
tested in the 2™ phase of the study.

result of general individual PCR Total
+ —
- 1 + 33 7 40
Final result of culture — 03 606 659
Total 86 613 699

Tcross-pooled culture result + PCR result of samples in inconclusive pools

DISCUSSION AND CONCLUSIONS

Cross-pooled culture method directly classified most samples (87.26 %) as positive or
negative, without repeating individual culture of positive pool samples. Thus, noticeable
reduction in costs and time to diagnosis can be achieved by the use of this system.

The reduction in the culture number needed using cross-pooled culture compared to
individual culture was of 59.9%. But it should be considered that PCR was needed to confirm
the final result of culture in 12.7% of samples. Collectively, the reduction in the number of
tests needed was of 52.8 %.

Costs of individual culture were interestingly reduced (43.5%) by the use of cross-
pooled culture with PCR confirmation of samples in inconclusive pools (“final result of
culture”). Nevertheless, the reduction was not so high when costs of “final result of culture”
strategy were compared to the individual faecal PCR of all 699 samples (14.14%).

The use of individual PCR instead of re-culture for classification of samples in
inconclusive pools is effective and reduces the time to diagnosis.

Although a good agreement between “final result of culture” and individual PCR was
observed (91.4% of the samples gave the same result in both strategies), our results indicate
that individual PCR alone can perform better than the cross-pooled culture in herd monitoring
strategies. These results are encouraging to carry out further studies using a cross-pooled
faecal PCR strategy.

Nevertheless, the cross-pooled culture method is still interesting when isolation of Map
is required for confirmation of its presence in the herd and/or culture is the selected test for
paratuberculosis screening of herds.
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INTRODUCTION
Paratuberculosis (Johne's disease) is a disease of domestic and wild ruminants, caused by
Mycobacterium avium subsp. paratuberculosis, culminating with chronic enteritis (Anon.,
2004Db). In 2006 year, Immunology Department from Institute for Diagnosis and Animal
Health, organised a paratuberculosis serological diagnosis capacity testing through
proficiency testing by inter-laboratory comparisons of veterinary laboratories in Romania.
The aim of this testing was the improvement of quality system for testing and
evaluation of laboratories by statistic analyses, studying new classification models of the
veterinary laboratories depending on the obtained results in testing (Anon., 2004a).

MATERIALS AND METHODS
The 39 participant laboratories received each a set with 6 bovine sera: 2 with positive (E3,
E4), 2 doubtful (E1, E2) and 2 negative (E5, E6) results.

The samples were analysed by ELISA (Enyzme-linked immunosorbent assay) with
absorption step. Each sample had to be worked for 8 times on the same plate, in the same
day and the average of the 8 results was considered the final result.

The interpretation of results was made according to the criteria established by the kit
producer and statistical analyses were made after the reference models described by
ISO/IEC GUIDE 43-1 and 43-2 (Anon., 1997a; 1997b). Grubbs Test was used for identifying
aberrant results and for elimination of laboratories with unsuitable results (Anon., 1993).
Thus for each laboratory the standard deviation of the results repeatability and coefficient of
variation then standard deviation of the reproducibility results and Z - scores were calculated
using the result of Immunology Laboratory of IDAH, as a reference value.

RESULTS
The final report contains comparative results of laboratories (Table 1, Fig.1) and statistic
analyses (Table 2, Fig. 2).

Table 1. The synthesis of qualitative interpretation of results samples

Number of E Results of samples (E1, E2, E3, E4, E5, E6)
Result of reference No. of laboratories + IDAH (%)
Positive Doubtful Negative
E1-Doubtful 4 (10) 24 (60) 12 (30)
E2-Doubtful 11 (28) 21(53) 8 (20)
E3-Positive 37 (93) 1 (3 2 (5
E4-Positive 38 (95) 2 (5 0 (0)
E5-Negative 1 (3) 0 (0) 39 (98)
E6-Negative 1 (3) 0 (0) 39 (98)
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Fig. 1. Distribution of qualitative results of samples E1 to E6

Table 2. The synthesis of CV expressed in qualifying terms

Number of E Qualifying terms /coefficients of variation
Result of reference No. of laboratories + IDAH (%)
Very well Well Unsatisfactory
0.04-6.00%  6.1-20% >20%
E1-Doubtful 22 (55%) 15 (38%) 3 (8%)
E2-Doubtful 20 (50%) 18 (45%) 2 (5%)
E3-Positive 21 (53%) 18 (45%) 1 (3%)
E4-Positive 23 (58%) 16 (40%) 1 (3%)
E5-Negative 10 (25%) 25 (63%) 5 (13%)
E6-Negative 13 (33%) 22 (55%) 5 (13%)
Mean (45%) (45%) (7%)
70 -
60 1 -
50
c)\040 -
30
20 -
10 A
0

OVery well OWell OUnsatisfactory

Fig. 2. Distributions of coefficients of variation

The results of Z—scores (|Z| < 2: satisfactory, 2 < |Z| 2 <2: questionable and |Z|>3:
unsatisfactory) results were presented in diagrams (Figs. 3, 4, 5, 6, 7, 8).

ol EPPITIR
TR 1111111 | Sceaaces BT 1]
| it | (11 bk
) ] L
. V A A ) The code of laboratories . i ) . . The code of laboratories
Fig. 3. Distribution of Z-score values of Fig. 4. Distribution of Z-score values of
participating laboratories for sample E1 participating laboratories for sample E2
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Fig. 6. Distribution of Z-score values of
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Fig. 7. Distribution of Z-score values of
participating laboratories for sample E5

The code of laboratories

Fig. 8. Distribution of Z-score values of
participating laboratories for sample E6

The sum of Z - scores (Fig. 9) was used for the classification of laboratories which
had the same result at the quality interpretation test. Finally, a correlation between the
obtained results of Z—scores and those of qualitative interpretation was made. Thus the
correlation for negative samples E5 and E6 was 100%, for positive samples E4 of 97.5%,
and E3 of 95%, and for doubtful samples it was as follows: E1: 78% and E2: 53% (Fig.11).
Based on the results obtained, 31 laboratories had a satisfactory result, 6 had questionable
results and 2 had unsatisfactory results (Fig.12).

15.4f

The sum of Z -score
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The code of laboratories

Fig. 9. Classification of laboratories according to sum of Z-scores
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Fig. 12. Classification of laboratories after qualitative interpretation of the test and the sum of Z score
at the proficiency testing

DISCUSSION AND CONCLUSIONS

Thirty seven laboratories (95%) of the participating laboratories used ELISA kits made by the
same producer within the same series, which showed uniformity in the use of reagents, and
which in the current case reduced the batch variation.
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After the qualitative interpretation of ELISA, the following results were correctly
identified: E5 and E6 (negative): 98%; E4 (positive): 95%, E3 (positive): 92%, E1 (doubtful):
60%, E2 (doubtful): 53%. The highest number of doubtful results, 16 for E1 and 19 for E2,
were recorded for the samples which had doubtful results. The result of these samples may
be elucidated if the laboratory has calculated extended measurement uncertainty.

The results showed that a classification as “Very well” regarding coefficients of variation
(CV) were obtained on samples that came from E4 (23 laboratories) and E3 (21 laboratories)
for sera with a high concentration of antibodies.

The correlation of Z - scores with the results obtained after the interpretation of the
gualitative test, leads us to the conclusion that, when sera have a constant homogeneity and
high constancy as in case of positive and negative samples, the differences between the two
criteria of estimation were insignificant.

The interpretation of the results at 95% certainty of the test together with statistic
analyses (coefficient of variation, Z - scores) permitted a more efficient evaluation of
laboratories.
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INTRODUCTION

Paratuberculosis is endemic in the dairy cattle population of Germany. However, the actual
prevalence on the individual animal as well as on the herd level is not known. About 3561
paratuberculosis cases have been recorded between 1995 and 2006 (Fig. 1).

A national paratuberculosis guideline came into force in February 2005 giving
recommendations for paratuberculosis control on a voluntary basis. In Germany, because of
the intensive cattle husbandry, paratuberculosis control in dairy cattle can only be successful
if strict hygienic measures within the herds are combined with immediate removal of already
detected faecal shedders. Up to now, faecal culture is still the most sensitive method for the
identification of faecal shedders, although it is expensive and time consuming. Improvement
of the effectiveness of the identification of shedders is urgently needed.

It was the objective of the present study to clarify, whether the detection rate of faecal
MAP shedders can be increased by optimising the time point of faecal sampling. Therefore,
the influence of individual host factors (age, lactation period, milk yield) on faecal shedding
was investigated.

98 - 194
195 - 291
292 - 388

389 - 485

Fig. 1. Regional dstribution of paratuberculosis cases in Germany, 1995 — 2006

MATERIALS AND METHODS
Herds
Two paratuberculosis positive dairy herds with an average of 245 (herd A) and 390 (herd B)
lactating cattle, respectively, were included in the study. The milk yield in 2006 was about
7,212 kg/animal in herd A and 11,404 kg/animal in herd B. Culling of faecal shedders was
not systematically performed in herd A while in herd B shedders were removed regularly.
The proportion of faecal culture positive animals amounted to 30.3 % in herd A and 12.6 % in
herd B, respectively.

Faecal samples were collected 4 times every 5 — 7 months in both herds (n=2,779). At
the time of sample collection, individual data of each animal included in the study were
obtained from the herd records (age, lactation stage [LS], daily milk yield [DMY]).
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Faecal Culture

From each sample 3 grams of faeces were put into a screw cap tube containing 30 ml of
0.75 % hexadecy! pyridinium chloride (HPC). After vigorous shaking, the samples were kept
upright for 5 minutes in order to allow sedimentation of coarse material. Then, the
supernatant was transferred into a new screw cap tube. These samples were agitated for 30
min at 200 rpm on a shaker followed by incubation in upright position in the dark for 48
hours. The supernatant was carefully discarded to leave about 2 ml of sediment. 200 ul of
sediment were inoculated onto each of two slants of Herrold’s Egg Yolk Agar with
Mycobactin and ANV (BD, Heidelberg, Germany). The slants were incubated for up to 14
weeks and examined every second week for mycobacterial growth. Characteristic colonies
were checked for the presence of acid fast bacilli by Ziehl-Neelsen staining, the presence of
MAP was confirmed by PCR with the primers s204 and s749 according to Englund et al.
(1999).

Statistics
Data analysis was performed using SPSS 12.0 for Windows and R 2.4.0 (R Development
Core Team, 2006). Fisher’s Exact Test was applied for the comparison of frequency counts.

RESULTS

In herd A, a higher proportion of faecal shedders were detected in older animals and in
animals in the third trimester of lactation. In herd B, however, the influence of age and
lactation stage on faecal shedding was not obvious (Fig. 2 a, b). In both herds, there was no
clear relation between milk yield and the risk of faecal shedding (Fig. 2 c).

Analysing repeated sampling every 5 to 7 months, about 13.8 % of the shedders
which underwent at least three faecal examinations would have been detected by one
sampling, additional 16.6 % by two samplings and further 49.0 % by three samplings. 20.7 %
of the shedders would not have been detected by three subsequent samplings (Table 1).

Table 1. Effect of repeated sampling on the detection rate of faecal shedders.

Results of examination Detected faecal shedders
I 1] 1 Number %
1" 1 1 20 13.8
1 1 0° 3
1 0 1 3
0 1 1 18
> 24 16.6
1 0 0 7
0 1 0 13
0 0 1 51
> 71 49.0
0 0 0 30* 20.7
Total 145 100

'faecal culture positive, *faecal culture negative,*positive result on 4" sampling

DISCUSSION

In the current field study faecal shedding of Map was examined for diverse age cohorts, for
varying lactation periods and for different classifications of daily milk yields at the sampling
day. Marked differences between the two herds were found in the distribution of faecal
shedders within these classes. In herd A the percentage of positive faecal culture results was
significantly higher in 4 to 5 year old animals (33 %) compared to younger cattle. In herd B
no significant differences between the five age groups were found. On average, 12.6 % of
the examined animals in every age group were shedding Map. Differences in herd
management, especially regarding the removal of known shedders seem to be one possible
reason for this. An increase of faecal shedding of Map with higher age and progress of the
disease was reported in natural dairy herds by Nielsen and Toft (2006) and Berghaus et al.
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(2007). Accumulation of shedders and therefore in addition higher infection rates may occur
in herds without systematic culling of already detected shedders.
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Significant results of Fisher’s Exact Test are:
d Age 1.4-2 yearsvs. 4-5 years p = 0.002 k DMY <5 kg vs. >5-15 kg p = 0.003
e  Age 2-3years vs. 4-5 years p = 0.003 | DMY >5-15kgvs. >15-25kg p=0.011
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g LSO0-105dvs.211-315d p =0.003 n DMY >5-15kgvs. >35-45kg p=0.017
h LS 106-210dvs. 211-315d p =0.026
i LS 211-315dvs. 2316 d p = 0.047

Fig. 2. Percentage of faecal shedders in herd A and B depending on age (a), lactation stage (b), and

daily milk yield (c)
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Dairy cows pass through different performing stages during lactation. Stabel et al.
(2003) postulated, that the energy deficiency around parturition can lead to
immunosuppression followed by increased faecal shedding. However, they could not find a
significant rise in faecal shedding before parturition and during the first weeks of lactation. In
our study faecal shedding at four different lactation periods was compared. We found a
significant increase in the detection of Map in bovine faeces in herd A during the third
lactation stage while in herd B there were no obvious differences. A clear explanation for this
is still lacking.

A decrease in the average milk yield of paratuberculosis infected animals has been
reported recently (Beaudeau et al., 2007), however, the influence of high productivity on
faecal shedding of Map by dairy cows has not been studied so far. In herd A, the highest
proportion of faecal shedders could be found in the group with a DMY of >5-15 kg. This
seems to reflect the negative effect of paratuberculosis infection on milk production rather
than an increase of shedding due to higher milk yield. This is supported by the finding in herd
B that animals with very high milk yield are not more likely to shed Map than animals with
lower milk yields.

Because only two herds were included, only limited data are available in this study. All
of the findings may be biased by various factors. However, the data indicate that factors that
influence the percentage of faecal shedders/ faecal shedding seem to be herd specific. In
addition, we could demonstrate increased detection rates of faecal shedders if sampling was
repeated. Three analysed samples seem to be optimum choice.

CONCLUSIONS

In conclusion, individual factors that influence faecal shedding of MAP seem to be herd
specific. In the present study, no general, preferential time point for sample collection could
be identified. Although older animals may have a higher risk of MAP excretion, faecal culture
is also successful in young dairy cattle and these animals should be examined too. One way
to increase the detection rate of faecal shedders is repeated sampling.

REFERENCES

Beaudeau F, Belliard M, Joly A, Seegers H, 2007. Reduction in milk yield associated with
Mycobacterium avium subspecies paratuberculosis (Map) infection in dairy cows. Vet
Res, 38, 625-634.

Berghaus RD, Farver TB, Anderson RJ, Adaska JM, Gardner IA, 2006. Use of age and milk
production data to improve the ability of enzyme-linked immunosorbent assay test
results to predict Mycobacterium avium ssp. paratuberculosis fecal culture status. J
Vet Diagn Invest, 18, 233-242.

Englund S, Ballagi-Pordany A, Bolske G, Johansson K-E, 1999. Single PCR and nested
PCR with a mimic molecule for detection of Mycobacterium avium subsp.
paratuberculosis. Diagn Microbiol Infect Dis, 33, 163-171.

Nielsen SS, Toft N, 2006. Age-specific characteristics of ELISA and fecal culture for purpose-
specific testing for paratuberdculosis. J Dairy Sci, 89, 569-579.

R Development Core Team, 2006. R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. http://www.R-project.org.

Stabel JR, Goff JP, Kimura K, 2003. Effects of supplemental energy on metabolic and
immune measurements in periparturient dairy cows with Johne's disease. J Dairy Sci,
86, 3527-3535.

110



Proceedings of 9ICP - 2007

A cultivation ring trail for Mycobacterium avium subsp. paratuberculosis
in three certified laboratories

Giese SB

National Veterinary Institute, Biilowsvej 27, DK-1790 Kgbenhavn V., Denmark

ABSTRACT

Faecal samples from Danish cattle were investigated for the presence of Mycobacterium avium
subsp. paratuberculosis (MAP) by 3 laboratories by their routine cultivation procedures. Out of 30
samples where 14 previously had been found culture positive (by Lab. A), the 3 laboratories
(named A, B and C) found 0, 6 and 12 positive respectively by their direct standard culture
methods. One laboratory (C) also performed direct PCR on the samples and found 13 positive.
Two laboratories (A and C) also performed culture combined with PCR and found 10 and 14
positive respectively. These findings show that laboratories certified to perform cultivation for MAP
need to evaluate and renew their diagnostic methods regularly to ensure the best results.

INTRODUCTION

Paratuberculosis is a chronic granulomatous enteritis in ruminants. It is caused by infection with
MAP in the intestinal mucosa and lymph nodes. The presence of MAP is usually shown by faecal
culture on different solid media or by polymerase chain reaction (PCR) based on the MAP specific
insertion sequence 1S900.

MATERIALS AND METHODS

Collection of samples

Faeces samples from cows with and without clinical symptoms of paratuberculosis (chronic
diarrhoea and weight loss) were sent to the laboratories for cultivation and/or PCR. The samples
were from a faecal collection at one of the laboratories (lab A) stored in a freezer at -20° C for 3
months and then at -80° C for 2 months.

Cultivation of samples

Lab A: Faeces samples (2 g) were decontaminated ad modum Beerwerth (1967) [4% sodium
hydroxyde for 10-15 min., spin for 15 min. (1000 g), discard supernatant, dilute pellet with 8 ml of
5% oxalic acid and 0.1% malachite green for 15 min., spin for 15 min. (1000 g), discard
supernatant, dilute pellet with 4 ml of amphotericin B (50ug/ml) and neomycin (50ug/ml), settle for
10-15 min.] and cultivated on modified Lowenstein-Jensen (L-J) medium described by Jgrgensen
(1982). The L-J's were read once a week for 10 weeks. The identification of MAP was based on
growth rate, colonial morphology, acid-fast staining, dependence on mycobactin and presence of
IS900 by PCR.

PCR was performed as described earlier by Ahrens et al. (1995): In short tubes were washed
down with 1 ml PBS and then spun down (20,000 g for 5 min.). Supernatant was discarded, and
the pellet was resuspended in 100-200 pl PBS and disrupted by boiling.

Lab B: Same procedure as Lab A, but the media was Herrolds Egg Yolk Medium (HEYM)
produced by Difco/Becton Dickinson, Sparks, Maryland, USA as described by Nielsen et al. (2004).

Lab. C: Same procedure as Lab A without the final decontamination step (Neomycin/Amphotericin
B solution) and with HEYM (Becton Dickinson). PCR was performed directly on faecal samples
and after culture. In short DNA was extracted by beadbeating with zirconia/silica beads followed by
purification of the lysate with a modified QIAamp protocol (QlAamp DNA Stool Mini Kit, Qiagen) as
described by Herthnek (2006).
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RESULTS
Lab. A Lab. A Lab. A Lab. B Lab.C Lab.C Lab.C
Original Culture Culture + Culture Culture Culture+ Direct
culture PCR PCR PCR
Medium LJ LJ LJ HEYM HEYM HEYM HEYM
Positive 14 (1)* 0 10 (2)* 6 12 14 (1)* 13
Negative 16 30 20 24 18 16 17

* In brackets are number of positive samples not found by the other methods

DISCUSSION

In this study the methods to demonstrate the presence of MAP in faeces gave quite different
results. This is also shown by others (Nielsen et al., 2004; Whitlock et al., 2002). The
decontamination procedures showed that the use of neomycin/amphotericin B in combination with
freezing might damage MAP. In this study HEYM seemed superior to L-J on samples after
freezing, while L-J performed as good on fresh samples. PCR enhanced the sensitivity. This shows
that combination of methods gives the highest sensitivity.
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ABSTRACT

A cross-sectional study was conducted from March through August 2006 in dairy herds in
Fars province, southern Iran to determine the herd-level prevalence of Mycobacterium avium
subspecies paratuberculosis (MAP) infection and associated risk factors. Bulk-tank milk
samples and management information were collected from 110 dairy herds in the province.
Among study populations, 12 herds (11%, 95% CI: 5-17%) were positive for MAP infection
based on IS900 nested PCR. Statistical analysis using multivariable logistic regression
showed that contamination of udders of periparturient cows with manure (OR=6.4, P=0.02)
and history of suspected cases of Johne's disease in the herd (OR=6.7, P=0.04) were
significantly associated with herd infection status. No relationship between breed, herd size
and other management practices was found in this study. It is recommended to conduct
further epidemiologic studies to determine cow-level prevalence and risk factors, and to
evaluate the economic consequences of the MAP infection in the region.

INTRODUCTION

Johne's disease is a chronic disease of ruminants worldwide caused by the bacterium
Mycobacterium avium. subsp. paratuberculosis (MAP). The Johne's disease in the dairy
community has long been considered as an economically-important disease by reports of the
negative impact on milk production and the overall economic health of dairies (Johnson et
al., 2001; Beaudeau et al., 2007).

Diagnostic tests such as ELISA, agar gel immunodiffusion (AGID) test and fecal culture
are being used commonly. Also PCR methods, targeting MAP specific insertion sequence
(1S900) or other species-specific genes have been developed to increase sensitivity and
specificity of diagnosis. On the other hand, presence of the pathogen in milk has been
confirmed by several researchers (Sweeney et al., 1992; Grant, 2003). It was shown that
MAP could be detected directly from quarter milk and bulk-tank milk by IS900 PCR (Pillai and
Jayarao, 2002; Buergelt and Williams, 2004). Therefore, application of PCR for milk samples
from individual cows or at herd level as bulk-tank milk have proven useful for prevalence
estimation of infection with MAP by some studies (Corti and Stephan, 2002; Stabel et al.,
2002).

The aim of the present study was to estimate the current herd-level prevalence of MAP
infection in dairies located in the Fars province, southern Iran using 1S900 nested PCR on
bulk-tank milk samples, and to identify possible associated risk factors.

MATERIALS AND METHODS

Study population

A cross-sectional study was conducted in the Fars province, southern Iran to determine the

prevalence of MAP infected-herd in the region. Overall 110 herds were included in the study.
A structured questionnaire was used to collect data about general herd information

such as herd size and breed as well as information about possible risk factors for MAP

infection. Most factors were compiled from the literature.

Extraction of DNA and PCR process
Milk samples were collected from well mixed bulk-tank of study herds and brought cooled to
the laboratory. For detection of MAP, 50 ml was stored at -20°C up to time of investigation.

113



Proceedings of 9ICP - 2007

Extraction of DNA was undertaken as described by Stabel et al., (2002) with minor
modifications.

IS900 nested PCR was conducted as described by Corti and Stephan with minor
modification (Corti and Stephan, 2002). For samples with 413 bp band and suspected
samples, 3 ul from the primary amplification were used for nested PCR. The primers are
shown in Table 1.

Table 1. Primers used in this study

Primer name Sequence

P90 5-GAA GGG TGT TCG GGG CCG TCG CTT AGG-3'
P91 5-GGC GTT GAG GTC GAT CGC CCA CGT GAC-3'
AV1 5-ATG TGG TTG CTG TGT TGG ATG G-3'

AV2 5-CCG CCG CAATCAACT CCAG-3

Statistical analysis
Confidence limits (95%) for prevalence were calculated using standard normal distribution.
The unit of statistical analysis was herd. To evaluate associations between suggested risk
factors and herd level status for MAP infection (outcome variable), univariable and
multivariable logistic regression analysis was done. Factors with P-value <0.2 in the
univariable analysis were included in the multivariable logistic regression analysis.
Multicollinearity amongst putative risk factor variables was assessed using Spearman
Rank correlation coefficients. All computed coefficients were less than 0.40. Also correlation
between each independent variable and linear combination of other variables was
investigated using variance inflation factor (VIF). All VIF were less than 1.2, revealing lack of
significant collinearity in the dataset. The multivariable logistic regression model was
constructed using a step-wise backward elimination approach based on significant change in
-2 log-likelihood. Those variables with Wald statistic values with P<0.05 in the final model
were considered as statistically significant. To account for clustering of herds in each district,
location of herds (area) was forced to remain in the model and presence of two-way
interaction between location and the other included variables was investigated. All statistical
analysis was conducted using SPSS software (Version.11.5).

500 bp

300bp

% 10 11

Fig 1. Nested-PCR products for IS900 in bulk-tank milk from Fars province (southern Iran) dairy
herds. L1, L2, L4, L5, L7, L8 and L9 positive samples, L3 and L6 negative samples, L10 positive
control, L11 negative control and L12 100 bp marker.

RESULTS

A single band of 298 bp for each of the positive milk sample was detected by PCR
amplification of the MAP specific insertion sequence 1S900 and subsequent agarose gel
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analysis of the amplified products (Fig 1). Among 110 bulk-tank milk samples, 12 (11%, 95%
Cl: 5-17%) were positive in 1S900 nested PCR.

The prevalence of positive milk samples in the three district of Fars province were
different ranging from 8.6 to 23% which was not significant (x?=3.3, df=2, P=0.19).

With univariable analysis six factors were selected based on P value <0.2 (Table 2) and
included in the multivariable step-wise logistic regression analysis. In the final logistic model,
two out of six factors were significant at the 0.05 level. Location of herds was retained in the
model although it was not significant. No significant interaction was detected in the
regression model. The Wald statistic, standard error, odds ratios and the 95% confidence
level for the factors are provided in Table 2. Herds with low sanitation of periparturient cows
as measured by high contamination of udders with manure had 6.4 times the odds of being
positive for MAP infection. Also herds with history of suspected cases of Johne's disease had
6.7 times more likely to be positive by PCR than herds without such history.

Table 2. Multivariable logistic regression analysis of risk factors for Mycobacterium
paretuberculosis infection in 110 dairy herds in the Fars province, southern Iran based on
IS900-PCR in balk-tank milk samples

Risk factor Wald statistic SE P OR 95% ClI
Contamination of udders with manure
Yes 5.18 0.81 0.02 6.38 1.29-31.49
No - - - 1.00 -
History of Johne's disease in the herd
Yes 3.91 0.96 0.04 6.70 1.02-44.16
No - - - 1.00 -
DISCUSSION

The overall herd-level prevalence of MAP in dairy herds investigated was approximately 11%
based on IS900 nested PCR on bulk-tank milk samples. History of suspected cases of
Johne's disease and low sanitation of periparturient cows as measured by contamination of
udders with manure, both indicate a higher likelihood that a herd is infected with MAP
infection. It is critical to conduct in-depth epidemiologic studies to identify cow-level
prevalence and economic consequences of MAP infection throughout the country.

Though several potential risk factors were not significant in the present study, as
suggested by Berghaus et al. (2005), this does not necessarily imply that they are not
important. Considering the various environmental, nutritional and management conditions
over the world, some factors may work as important causal complement for MAP infection in
one region and might not be so important in another region.
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INTRODUCTION

In many countries both tuberculosis (TB) and paratuberculosis (PTB) occur concurrently and
there is a need to understand the real interference of bovine TB in PTB-ELISAs before
recommending those assays for large scale screening. This interference was recently
demonstrated in a study using M. bovis-infected cows, with no signs of PTB originating from
PTB-free herds and demonstrated that following ELISA and immunoblot analysis some
proteins are shared between M. bovis and Map (Marassi et al., 2005).

In order to reduce such serological interference and increase the specificity of ELISA
tests, recent studies have focused on the development of tests using new purified
immunogenic and species-specific antigens. MPB70 and MPB83 are M. bovis-specific
proteins that have been evaluated with promising results. Regardless of this, novel antigens
could be helpful in diminishing cross-reactions between Map and M. bovis (Olsen et al., 2001;
El-Zaatari et al., 2002; Waters et al., 2004).

The aim of this study was to evaluate the performance of two purified recombinant M.
bovis-specific proteins, MPB70 and MPB83, using an ELISA assay in order to differentiate
bovine tuberculosis from paratuberculosis infection.

MATERIALS AND METHODS

Cattle — Two TB-free herds, comprising 340 and 150 adult crossbred autochthon dairy cattle,
respectively, were studied. A history of chronic and intermittent diarrhoea, wasting and
occasional deaths in the previous six years led us to investigate paratuberculosis in these
herds. In addition, six herds where a TB control program is being conducted were studied in
order to obtain M. bovis — infected animals.

Bacterial culture for M. bovis and histopathology - Lymph nodes and lung samples were
collected and handled for this purpose. For histopathology fixed tissue samples were stained
by both hematoxylin-eosin (HE) and Ziehl-Neelsen (ZN). For bacteriology examination,
samples were refrigerated for 48 hours and inoculated in Léwenstein -Jensen with pyruvate
slopes, incubated at 37°C and observed weekly for 10 weeks.

Bacterial culture of faecal and tissue samples for Map - From the 490 animals of both herds
of Group A, 130 faecal samples were randomly taken from adult cows (age >3 years) over a
period of 24 months and cultured for Map. Faecal samples were processed by the
centrifugation protocol (Ristow et al., 2006).

Post mortem examination of PTB clinically affected animals - Three adult cattle presenting
clinical signs of PTB were necropsied and examined for the presence of gross lesions typical
of Map infection. Tissue samples were taken from both lesioned and non-lesioned tissue and
processed for both bacteriology and histopathology

Confirmation of isolates by PCR - Map isolates were confirmed by using PCR based on
IS900. DNA extraction was described elsewhere (Ristow et al., 2006). Amplification was
performed as described (Ristow et al., 2007), using primers specific for the insertion
sequence 1S900 (Bio Synthesis, USA) and the Taq Platinum ® polymerase system
(Invitrogen, USA).
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ELISAs - The recombinant proteins MPB70 and MPB83 were purified and used separately as
capture antigens in ELISAs as previously described (Lightbody et al., 2000; McNair et al.,
2001). Cut-off points based on OD readings were calculated using ROC analysis and
concordance of tests conducted using kappa index ().

RESULTS

Cattle - In order to evaluate the potential of ELISAs to distinguish between Map and M. bovis
infections in cattle, two distinct populations of animals were selected. In Group A (n = 23),
animals coming from TB-free herds with history of PTB were faecal culture positive for Map. In
this group, six animals were in the clinical stages of Map infection while 17 were sub-clinically
affected. In Group B (n = 48), animals were skin test positive to bovine tuberculin and when
necropsied there was evidence of M. bovis infection seen either as the presence of lesions
typical of bovine tuberculosis or by the recovery of M. bovis from tissue samples.

Evaluation of MPB70 and MPB83 by ELISA - Capture ELISAs based on either MPB70 or
MPB83 were used to measure antibody responses. In Group A (Map positive), ten animals
reacted to MPB70 (43%) and nine to MPB83 (39%). The mean ELISA OD value for the
animals in the clinical stages of infection was 0.162 compared to 0.05 for those animals sub-
clinically affected. In Group B (M. bovis positive), 37 animals reacted to both MPB70 and
MPB83 (77.08%). Results of MPB70 and MPB83 ELISA are depicted in Tables 1 and 2. Our
results indicate that both antigens presented very similar results, with a concordance (kappa
index) of 0.91. The difference between the mean OD value for Group A and Group B
measured against the same antigen was highly significant (p<0.01). Control sera reacted as
expected, i.e. very low ODs (<0.06) for both ELISAs.

Table 1. Results of MPB70 ELISA used to measure antibody responses in Map infected cattle
(Group A, n = 23) and M. bovis infected cattle (Group B, n = 48).

M. bovis culture Map positive Total
positive (faeces)
ELISA positive 37 10 47
ELISA negative 11 13 24
Total 48 23 71

Table 2: Results of MPB83 ELISA used to measure antibody responses in Map infected cattle
(Group A, n = 23) and M. bovis infected cattle (Group B, n = 48). The difference between serum
samples taken from M. bovis or Map culture positive and which were positive to MPB83 was
statistically significant (p <0.01).

M. bovis culture Map positive Total
positive (faeces)
ELISA positive 37 9 46
ELISA negative 11 14 25
Total 48 23 71

ELISA cut-off values - Cut-off points were determined from OD readings and analysed by
ROC analysis using isolation and recovery of M. bovis as an indicator of infection in tested
cattle. At a cut-off point of 0.06, for both antigens (MPB70, MPB83) each ELISA test had a
sensitivity of 52.2% and a specificity of 77.1%.

DISCUSSION

Map shares several antigens with other mycobacteria, including M. bovis. Reports show that
PTB can compromise the specificity of bovine tuberculosis diagnostic tests, and natural
infection with Map was demonstrated to lead to false-positive reactions in TB skin tests
(Buddle et al., 2003). Bovine TB also interferes on the efficacy of diagnostic tests, but this
phenomenon has not yet been widely evaluated (Olsen et al., 2001). More recently, a cross
reactivity between M. bovis and Map antigens in PTB-ELISAs was demonstrated using sera of
M. bovis- infected and Map-free cows (Marassi et al., 2005).
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Several recombinant proteins have been tested as antigens in order to improve ELISA
specificity. AhpC, AhpD and 14kDa proteins were used in an ELISA in order to discriminate
PTB from TB infected-cattle, with promising results (Olsen et al., 2001). A fusion protein
comprising ESAT-6 and CFP-10 was used in an ELISA system with the purpose of improving
the detection of specific antibodies to bovine TB, detecting even early stages of the infection
(Waters et al., 2004).

Immune responses to MPB70 and MPB83, proteins derived from pathogenic strains of
M. bovis culture filtrates, are both representative of a strong antigen-induced CMI response
in the early stages of the tuberculosis infection. MPB70 is the major secreted antigen of M.
bovis, while MPB83 is a cell wall lipoprotein (Juarez et al., 2001). MPB70 is specific to M.
bovis since cattle infected with Map exposed to M. avium presented no detectable serum
antibodies to it (Lightbody et al., 2000).

In the present study, ELISAs based on either MPB70 or MPB83 were used to identify
the antibody status of animals from either M. bovis or Map infected herds. Using these
ELISAs, more M. bovis infected cattle were positive to both MPB70 and MPB83 compared to
Map infected cattle, and the mean OD values for each group were statistically different.
Using a cut-off value of 0.06, sensitivity was defined at 52.2% and specificity at 77.1%.

A relatively high proportion of Map infected cattle were also ELISA positive to MPB70
and MPB83 (43% and 39% respectively). This contrasted strongly with those animals which
were infected with M. bovis, where 77% were antibody positive to both MPB70 and MPB83.
In addition to a greater number of antibody positives, the mean OD values in the M. bovis
infected group was greater than that for the Map infected group, with the difference between
the mean values statistically significant. While these higher recognition rates within the M.
bovis infected group indicate the usefulness of these proteins as diagnostic reagents, they
lack total specificity.

There was a much higher antigen recognition frequency in the M. bovis compared to
the Map infected group. The mean OD values for each antigen were significantly higher than
that for the Map infected group (P < 0.01) and in addition, there was no significant difference
between the mean values for MPB70 or MPB83 (k = 0.91). These data indicate that either
antigen could be used in an ELISA to detect antibodies to M. bovis.

In group A, six animals were in the late stage of paratuberculosis infection,
presenting clinical symptoms, while 17 were sub-clinically infected. Mean OD of the
six ill animals was 0.162, while for the sub-clinically infected cows was 0.050. This
difference is highly significant (P < 0.01) and demonstrates that high ODs are more
common in clinically infected animals. Consequently, cross reactions are more
probable to occur in those animals since at this stage humoral responses to Map are
more detectable, a feature of mycobacterial infections.

In conclusion, our results indicates that MPB70 and MPB83 clearly detect M.
bovis specific antibodies more often in tuberculous cows than in paratuberculous
cattle, and therefore can be considered as valuable tools to differentiate between
these two infections using serological assays. The confusion caused by antigenic
cross-reactivity between bovine paratuberculosis and tuberculosis may be resolved
using purified recombinant antigens derived from each micro-organism, in order to
increase the specificity of serological assays. The future combination of assays, each
based on different antigens, has therefore potential as a diagnostic tool, taking into
account the evolution of these infections, the individual variation of immune
responses and herd history.
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INTRODUCTION

Since cross reactions with environmental mycobacteria were commonly reported in the first
ELISAs, an absorption step of bovine sera with a suspension of killed environmental
mycobacterium Mycobacterium phlei showed to be efficient for reducing such false positive
reactions and therefore improving the test’s specificity without reducing the sensitivity.

Some studies suggest that several atypical mycobacteria widely recovered from
pastures could be ingested by cattle and possibly cause cross reactions in antibody tests for
paratuberculosis (Norby et al., 2005). Those atypical mycobacteria have been demonstrated
to induce humoral immune response in cattle that contribute to false-positive serologic
reactions even in commercially available preadsorbed serum ELISAs (Osterstock et al.,
2005). In Brazil, the most frequently isolated environmental mycobacteria are M. fortuitum,
which is ubiquitous in the soil in south and southeast regions of the country, where dairy
cattle breeding is more common (Leite et al., 2003).

Due to the difference in prevalence of environmental mycobacteria and their role in the
specificity of diagnosis tests, we designed a pilot study to consider the hypothesis that the
use of a local strain of mycobacteria could be useful as an alternative instead of, or
combined with M. phlei, and therefore increase the specificity of ELISAs tests.

MATERIAL AND METHODS

Study design

A panel of 10 negative and four positive sera selected from our collection was used. One
positive and one negative control serum, kindly offered by Dr. Michael Collins (Wisconsin,
USA) were also included. All the animals that provided the positive and negative sera had
their status confirmed by bacteriological culture. All the sera were tested by an ELISA
protocol developed in our laboratory that uses protoplasmic paratuberculosis antigen (PPA)
(Marassi et al., 2005). This assay presented 100% sensitivity and 83.5% specificity, being
comparable (k >0.5) to commercial tests (Marassi et al., 2007). Absorption of bovine sera
was performed in three distinct ways: using M. phlei only, M. fortuitum only or a combination
of M. phlei + M. fortuitum. With the exception of the preadsorption step, the exact same
protocol, and a cut-off value of 0.35, was considered in all assays.

ELISAs

M. phlei-ELISA was performed as previously described (Marassi et al., 2005). A lyophilized
commercial M. phlei was reconstituted in saline solution in order to obtain a 5mg/mL final
concentration, according to manufacturer’s instructions (Allied Monitor, USA). Ten micro
liters of the suspension were mixed with an equal volume of suspect sera and incubated for
60 minutes at 37T with constant agitation. After t hat, the suspension was diluted in 1mL of
TBST (Tris (Sigma) 10 mM, 0.9% NaCl, 0.2% Tween 20), and incubated overnight at 8.
Sera and the M. phlei solution were used in a final dilution of 1:100 each in the ELISA for
paratuberculosis.

M. fortuitum

ELISA was performed using a standard strain (ATCC strain 6841) and cultivated as
described in routine protocols. M. fortuitum was diluted as above in order to correspond to
the commercial M. phlei solution (5mg/mL) and used in the exact same conditions as
described above. In the M. phlei + M. fortuitum-ELISA, sera were mixed with a solution
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containing the same quantities of M. phlei and M. fortuitum that together presented a final
concentration of 5mg/mL. The protein concentration founded in 5mg/mL of M. fortuitum was
analyzed by the bicinchoninic acid (BCA) analysis (Pierce BCA Protein Assays Kit, USA),
which demonstrated that M. fortuitum solution presented a protein concentration equivalent
to the M. phlei commercial solution.

SDS-PAGE

In order to compare the protein pattern of M. phlei and M. fortuitum protein extracts (5mg/mL)
of each were separated by sodium dodeylsulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) on a 12% gel. Ten microliters of each sample were mixed with 10uL of sample buffer
(Tris-HCI 62.5 mM/ pH 6.8; 2% SDS; 10% glycerol; 5% 2-mercaptoethanol; 0.002%
bromophenol blue). After boiling for 10 minutes, different volumes of the samples were
loaded into slots: 2uL, 4uL and 8uL. Gels were stained by Comassie-blue 250.

Statistics
Chi-square test (x?) was used to compare the different protocols. Concordance between
protocols was calculated using Kappa test (k).

RESULTS AND DISCUSSION

Negative and positive control sera (one each), four sera of culture positive animals and 10
sera of culture negative animals were tested in three different conditions: as usual with M.
phlei, with M. fortuitum and with a combination of M. phlei and M. fortuitum in the same
concentration and volume, in the preadsorption step. When the M. fortuitum preadsorption
was used, four sera (two positive and two negative) plus the positive control serum
presented lower ODs when compared to the standard assay (M. phlei-ELISA), possibly
indicating a higher efficiency in eliminating unspecific antibodies, which could lead to cross-
reactions with environmental mycobacteria and consequent false-positive results.
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Fig. 1. ELISA results of culture positive and negative bovine sera for paratuberculosis using M. phlei
and M. fortuitum alone or associated at the preadsorption step.

Ctrl (+): control positive serum / Ctrl (-): control negative serum; Neg 1-10: Sera from culture negative animals; Pos
1: Sera from borderline positive animal; Pos 2-4: Sera from culture positive animals

In spite of the overall reduction on ODs values observed at the M. fortuitum-ELISA,
three positive sera remained presenting much higher values (mean = 0.650) than negative
sera (mean= 0.150), as expected. Only one positive serum became negative with an OD
value of 0.261 (cut-off = 0.35). This serum, when tested by M. phlei-ELISA, presented an OD
value of 0.440, which is lower than the mean ODs of the positive sera used in this study. This
same serum presented an OD of 0.489 when preadsorbed with the M. phlei + M. fortuitum
suspension. This serum was obtained from an old cow that, in spite of being culture-positive
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and, consequently, presenting a PTB-positive status, might be immunologically sub-
responding. Therefore, we classified the serum as being borderline. Statistical analysis
revealed that, in spite of one serum having its final result altered, the assays using different
preadsorptions were demonstrated to be comparable (P<0.01) and no difference on efficacy
could be detected between them (k > 0.8).

On the other hand, two of the positive sera and four of the negative sera preadsorbed
with the M. fortuitum + M. phlei solution presented higher ODs than with the standard assay.
Nevertheless, with this preadsorption step, no serum changed its final status and correlation
between both tests was also high for those samples (k > 0.8). In spite of these differences,
variation on ODs values observed among the three preadsorption assays was not significant
(P<0.01).

The inclusion of a preadsorption step employing M. phlei was mandatory for increasing
specificity of paratuberculosis ELISAs without interfering in the sensitivity. Nevertheless,
since atypical mycobacteria interfere with the results even in preadsorbed commercially
available serum ELISAs (Osterstock et al., 2005), other ways of reducing such interference
must be achieved.

Protein patterns of both M. phlei and M. fortuitum were compared after separation by
SDS-PAGE. This analysis demonstrated a very similar pattern of proteic bands. This finding
suggests that some antigens may be shared between both microorganisms, leading to cross
reactions. This is not unexpected, since it has been widely demonstrated that several
mycobacteria species share proteins and other antigens (Bannantine et al., 2002). Therefore,
it reinforces in a biochemical point of view the possibility of using M. fortuitum preparations
as an alternative for the preadsorption step in paratuberculosis ELISAs.

M. fortuitum is a fast-growing mycobacterium with few requirements for its culture. It is
also very frequent as soil inhabitant in many countries and can be easily obtained and
maintained by mycobacteria laboratories worldwide. Although only few sera were used in this
study, these preliminary results suggest that M. fortuitum, alone or combined with M. phlei,
may be considered as an alternative for the preadsorption step of ELISAs for
paratuberculosis, with comparable results from those obtained with the standard assay that
uses M. phlei at the preadsorption step. All the tested assays were capable to reduce cross-
reactions with environmental mycobacteria and no significant difference was observed in the
sensitivity or specificity of the assays in this study.
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ABSTRACT

The objective of the present study was to evaluate the association between interferon-
gamma (IFN-y) test results in young stock and ELISA status as adult cow among animals
with different status in faecal culture (FC). The study was conducted in a three-year period,
during which blood for IFN-y testing was sampled from heifers in 18 Danish dairy cattle
herds. In addition, milk samples collected after calving were analysed for Mycobacterium
avium subsp. paratuberculosis (MAP) antibodies (Ab) and faecal samples were cultured.
Among 1180 FC negative cows, 2.8% of IFN-y positive heifers became ELISA positive cows,
whereas among 77 FC-positive cows a significantly higher proportion of 29.5% were ELISA
positive (p<0.001). Eleven of the 77 FC-positive animals were ELISA positive without
previously being IFN- y positive. Generally, the results concur with the generally accepted
pathogenesis, but some results suggest that either some infected animals are not infected as
young or that the IFN-y is not very sensitive.

INTRODUCTION

Paratuberculosis is a chronic, granulomatous enteric infection caused by MAP in ruminants.
Eradication of MAP in cattle herds is complicated by lack of accurate diagnostic tests for
early diagnosis of infected animals. Available diagnostic methods include detection of MAP
by cultivation, cell-mediated immune responses by IFN-y assays on blood samples or Ab in
milk and blood by ELISA.

MATERIALS AND METHODS

During a three year study period, blood was repeatedly sampled from 15-24 months old
heifers in 18 Danish dairy cattle herds infected with MAP, and analysed the following day by
a whole blood IFN-y test supplemented with IL-12 (Jungersen et al., 2005). After calving, milk
samples were analysed for MAP Ab by ELISA (Nielsen, 2002) three times per year per
animal. For the present analysis, the result of the latest available ELISA test was used.
Faecal samples were cultured on Herrold’'s egg yolk medium (Nielsen et al., 2004) once per
year from adult cattle to describe the MAP shedding status of the cows. Animals were
retrospectively grouped by their FC status.

INTERPRETATION

Animals were considered FC-negative if all samples were negative at culture. The IFN-y test
was considered positive if IFN-y 2 1000 pg/ml in PPDj stimulated and IL-12 potentiated blood
samples. The ELISA test result was considered positive if ODcorected > 0.3.

RESULTS

The results are presented in Table 1. Of the 77 FC positive animals, 13 animals were tested
both IFN-y and ELISA positive. However, 31 heifers that had been tested IFN-y positive were
not ELISA positive later on. Conversely, 11 cows that were ELISA positive had been tested
negative as heifers by the IFN-y test. A large part of the tested animals were FC negative. Of
1180 FC negative animals, 17 were both IFN-y and ELISA positive. Nearly half of the FC
negative animals, or 593 heifers, were tested positive only by IFN-y. Fifty of the FC negative
animals were only ELISA positive. Among the FC positive, 57% were previously positive by
IFN-y, whereas 52% of the FC negative animals had been tested positive by the early IFN-y
test.
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Table 1.The distributions of tests-results from ELISA and IFN-y stratified by FC.

FC positive cows (N=77) FC negative cows (FC=1180)
ELISA" ELISA ELISA" ELISA
IFN-y* 13 31 IFN-y* 17 593
IFN-y~ 11 22 IFN-y~ 50 520

Figure 1 illustrates that among FC negative cows, 2.8% of the heifers, that were previously
IFN-y positive, became positive in ELISA, whereas a significantly (p< 0.001) higher
proportion of 29.5% became ELISA positive among FC-positive cows.
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Fig. 1 The distribution of IFN-y positive heifers becoming ELISA positive, and IFN-y positive heifers
becoming ELISA negative, both stratified by FC status.

DISCUSSION AND CONCLUSION

The significantly higher proportion of IFN-y positive animals that tested positive by ELISA
among FC positive, correspond to the generally accepted pathogenesis, where animals
shedding MAP are more likely to have antibodies. However, among FC-positive, 11 animals
(33% of all IFN-y negative) with a positive ELISA were previously IFN-y negative, suggesting
that either: a) not all shedding animals are infected as young animals or b) that the IFN-y test
is not very sensitive.

This study only included MAP infected herds and hence the specificities of the tests
were not evaluated. In addition, the true infection status of cows can at present only be
obtained by post mortem histopathology. Moreover, all tests have limitations at certain points
during progression of MAP infection. Further evaluation and optimisation of the IFN-y test
using new and more specific antigens is necessary fo