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Abstract

Organic poultry breeding allows for increased exposure of birds to soil, faeces,
and wildlife, which have been associated with the transmission of mycobacterial
infections. Therefore the aim of this study was to investigate the spread of the major
pathogenic mycobacteria in organically reared broilers in Greece using a diagnostic
algorithm that relied on a combination of the Polymerase Chain Reaction (PCR) and the
Restriction Fragment Length Polymorphism analysis (RFLP).

Liver, spleen and gonads from 81-150 days old broilers were aseptically
collected post-mortem. 500 broilers from a population of 35370, reared in the 25
registered as organic farms in Greece for the 2005 were used. DNA was isolated and
incorporated to PCR targeted to 16s-TRNA gene (for Mycobacterium spp.), 1S6110 (for
M. tuberculosis complex-MTBc), 1S1245 (for M. avium complex-MAC), 1S901 (for M.
avium subsp. avium - MAA) and hsp65 (for M. genavense, by PCR-RFLP). The mean
prevalence of mycobacteria detected by PCR with a 95% confidence interval was
estimated to 4.4 - 8.8%. The relevant percentage with regard to the mycobacterial
species that were included in this study was 0.17-2.03% for MAC, 2.11-3.39% for
MTBc and 0.66-3.08% for mycobacteria not belonging to any of the above groups.
None of the mycobacteria detected were identified as MAA or M. genavense.

Considering that avian tuberculosis has been eradicated from conventional farms,
the level and the pattern of positivity recorded here, indicates that our results may be

associated with the specific conditions that apply to organic breeding.

Keywords: mycobacteriosis, epidemiology, poultry, organic farming
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Introduction

Avian tuberculosis is usually caused by Mycobacterium avium complex (MAC)
serovars 1 to 3 (M. avium subsp. avium - MAA) and M. genavense (Bottger et al., 1993;
Tell et al., 2001; Saif, 2003; Shitaye et al., 2008). The incidence of the disease is
sporadic and it is rarely reported in intensively reared flocks (Tell et al., 2001). Organic
farming is gradually becoming very popular among farmers and consumers in Europe,
but it increases exposure of fowl to soil and faeces, and has been associated with the
spread of mycobacterial infections (Hoop et al., 1996; Martin and Schimmel, 2000;
Gonzalez et al., 2002; Saif, 2003). Despite the assessment of the prevalence of various
pathogens in organic farms of birds, there seems to be, to the best of our knowledge, no
evidence with respect to mycobacteria (Permin and Nansen, 1996; Lund and Algers,
2003; Maag et al., 2003).

The aim of this study was therefore to investigate the spread of the major
pathogenic mycobacteria (M. avium complex, M. genavense, M. tuberculosis complex)
in organically reared broilers in Greece using a diagnostic algorithm that relied on a
combination of the Polymerase Chain Reaction (PCR) and the Restriction Fragment

Length Polymorphism analysis (RFLP).

Materials and Methods
Samples

The sampling plan covered 25 broiler farms that represented the total of those
registered as organic in Greece in the year 2005, based on the records of the National
Authorized Certification Institutes. Liver, spleen, and gonads were collected aseptically
post-mortem, from 500 of the 35370, 81-150 days old, organically reared broilers. The
required sample size was calculated (STATGRAPHICS Plus 5.1) to estimate a 95%
confidence interval for the prevalence of mycobacteria no wider than 4%, when the
expected mycobacteria prevalence is reported to be 5% (Tell et al., 2001; Saif, 2003).
The sample size that was thus estimated (n=457) was finally defined to 500 for practical
reasons, and was distributed equally among the farms, the broiler population of which

was considered homogenous. Fowl within each flock was randomly selected among
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clinically healthy broilers, based on the records of the farm and the evaluation of the
birds by Veterinary Inspectors. Collection of samples was performed from June to
August 2005.

The tissue samples of each bird were pooled in 20 ml, screw-cup containers and
were stored at 4-6°C for up to 6 hours, until transportation to the laboratory. The
material was then homogenised in a stomacher blender at 260 rpm for 5 min and it was

processed for DNA isolation.

DNA isolation

A portion of 0.5 ml of the tissue homogenate of each sample was used for DNA
isolation with the NucleoSpin® Tissue kit (Macherey-Nagel, Germany) according to the
instructions of the manufacturer. The DNA solution was evaluated for purity and
integrity by spectrophotometry and gel-electrophoresis (Sambrook et al., 1989). The
presence of PCR inhibitors in the DNA preparations was assessed by a PCR assay
targeted to an in-house gene (cytochrome b), based on a method originally described by
Zehner et al., 1998 (data not shown). DNA samples of low quality, and those failing to
produce the expected amplification product from the PCR assay mentioned above, were

discarded and DNA isolation was repeated from the original material.

PCR

The detection and the differential identification of mycobacteria relied on a
PCR-based diagnostic algorithm (Dvorska et al., 2001), modified to include M.
genavense (Mendenhall et al., 2000), (Figure 1). Within this context a combination of 5
PCR assays was applied targeted to 16s-rRNA gene (for Mycobacterium spp.), IS6110
(for M. tuberculosis complex), 1S1245 (for M. avium complex), 1S901 (for M. avium
subsp. avium), and hsp65 followed by RFLP (for M. genavense) (Table 1).

PCR products were analysed by submerged electrophoresis on a 2% agarose gel.
Samples were evaluated and processed together with positive and negative controls that
consisted of confirmed, PCR-positive and negative, DNA preparations, respectively.
Test tubes, containing only the reaction mixture and water of the same source used for

the dilution of DNA, were also included in each PCR assay, as negative controls.

Page 4 of 14



103 Results

104

105 Fifty of the 500 (10%) samples examined were found positive for mycobacteria. Of
106  these, 8 (1.6%) were identified as Mycobacterium avium complex (2 positive to 16s-
107  rRNA and IS1245, 6 positive to 16S-rRNA and hsp65), 18 (3.6%) as Mycobacterium
108  tuberculosis complex (MTBc) (16S-rRNA and IS6110-positive, with the exception of
109  one sample that reacted positively only to IS6110), and 24 (4.8%) as mycobacteria not
110  belonging to any of the groups (OM-other mycobacteria) previously mentioned (16s-
111 rRNA-positive), (Table 2). After exclusion of a farm in which mycobacteria-specific
112 DNA was detected by PCR in 90% of the tested samples and was therefore considered
113 an outlier, the above percentages were formulated respectively to the following: 1%
114  MAC (5/480), 3,75% MTBc (18/480), and 1,87% OM (9/480).

115 Twelve of the 25 (48%) flocks tested where found PCR-positive with prevalence
116  ranging (excluding the outlier flock) from 5 to 35%. Within this group, the majority of
117  the farms (6/11, 54,5%) were positioned at 10% (4/11) and 20% (2/11). Of the reactor
118  flocks, 3 were found positive only to OM, 3 to MAC, 5 to MTBc, and 1 to a
119  combination of OM and MAC.

120 Hypothesis tests proved that mycobacterial prevalence in organic broilers’
121  population was similar to the 5% estimated prevalence in conventional broilers
122 populations (p-value=0.12 >0.05).

123 The mean prevalence of mycobacteria detected by PCR in organic broilers in
124  Greece, with a 95% confidence interval, was estimated to 4.4 - 8.8%. The relevant
125  percentage with regard to the mycobacterial species that were investigated was 0.17-
126 2.03% for Mycobacterium avium complex, 2.11-3.39% for Mycobacterium tuberculosis

127 complex and 0.66-3.08% for other mycobacteria not belonging to any of the above

128  groups.

129

130

131  Discussion

132

133 The results of this study show that DNA that belongs to pathogenic mycobacteria

134 can be detected in viscera (not inclusive of the intestine which might contain
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environmental mycobacteria) of clinically healthy organic broilers in Greece. The
young age of the birds examined and possibly the fact that none of the positive reactions
referred to mycobacteria known to specifically infect fowl (M. avium subsp. avium and
M. genavense) may account for the absence of any disease symptoms in the tested
population, even though the presence of mycobacterial DNA in the visceral organs

indicates invading bacteria (Ashour, 1972; Ashford et al., 2001).

In studies such as the one described here, reservations on the reliability of the
results can be attributed mainly to false positive reactions usually due to the carry over
effect or the use of low specificity PCR assays. To avoid this, the evaluation of the
samples was performed under vigorous precautions such as the use of dedicated space,
equipment, and consumables, as well as negative controls that were processed together
with the tested material during both, DNA isolation and PCR. The low specificity of the
methodology followed in this study was eliminated by the use of PCR assays
thoroughly evaluated and repeatedly used in the past by the same and other groups
(Hance et al., 1989; Huard et al., 2003; Ikonomopoulos et al., 2004; Ikonomopoulos,
2006; Ikonomopoulos et al., 2007). Furthermore, the use of the specific diagnostic
algorithm was selected because in addition to the identification of the targeted
mycobacteria, it allowed confirmation of the results by the amplification of more than

one gene for each of the pathogens detected.

This approach was however responsible, for some discrepancies results because
of the expected inconsistency among the positive reactions of PCR assays designed for
gene-targets of the same mycobacterial groups (Hance et al., 1989; Gazouli et al., 2002
Ikonomopoulos, 2006; Tkonomopoulos et al., 2007). Indeed this was observed for 2
IS1245 and 16rRNA-positive samples, which came from the same farm that reacted
negatively to the PCR assay targeted to hsp65. Furthermore, one IS6110-positive
sample did not produce the expected 16S rRNA-positive result, despite the fact that
evaluation of these samples was repeated more than once from the same DNA
preparation and the original material. These observations could be attributed to atypical
strains, were not considered unreliable and therefore they were included in the final

evaluation of the tested population.
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A high level of awareness was also imposed by the effort to eliminate false
negative reactions, especially since these could easily be the cause of considerable
under-evaluation, given that the expected positivity of the tested material was small.
Therefore all our DNA preparations were assessed before PCR by several methods
(electrophoresis, measurement of optical density, and PCR targeted to an in-house gene)
for DNA fragmentation and presence of PCR inhibitors. Apparently, detection and
identification of mycobacteria was always performed in correlation with positive
controls that represented no less than 10% of the tested samples of each batch, and
consisted of DNA preparations of visceral organs inoculated with pure growth of each

of the mycobacteria included in our investigation.

Considering that avian tuberculosis has been eradicated from conventional farms
and that nowadays the disease is reported mostly in wild (Tell et al., 2001; Milan et al.,
2004), or captive fowl (Portaels et al., 1996), and pet birds (Bottger et al 1993; Hoop et
al., 1996; Hoop, 2002), the level of positivity recorded here may be associated with the
specific conditions that apply to organic farming. According to the relevant regulations,
birds have to be housed in specifically designed facilities but never in cages, and they
have to be able to spend at least one third of their lives in open fields covered with
vegetation (Council of European Communities-EEL198, 22/7/1991). Evidently this
increases exposure of fowl to worms, rodents, arthropods, and wild birds that have all
been found to carry mycobacteria and play an important role in their spread in nature
and the livestock (Fischer et al., 2001; Fischer et al., 2003a; Fischer et al., 2003b;
Tadesse et al., 2003). This may justify the high percentage of OM detected in the
samples, which probably represent non-pathogenic mycobacteria broadly found in the
environment. The characteristics of the organic farming system mentioned above may
also account for the level of PCR-positivity of the tested samples recorded in a specific
flock that was finally considered an outlier, since detection of mycobacterial DNA in all
the other farms was comparatively much lower (90% compared to 14.5% mean
average). Admittedly this finding may consist an indication of a mycobacterial outbreak
that could be associated with organic farming or just malpractice, something that could
not be investigated by a study such as this. On the other hand failure to detect any M.
genavense or MAA-positive samples may result from the fact that as opposed to animal

tuberculosis, the disease in fowl has been eradicated and effectively exposure of birds to
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these pathogens is small. The negativity of the samples to the mycobacteria that
specifically infect fowl may be reflecting, at least in Greece, the situation in
conventional farms for yet another reason: based on the regulations mentioned above,
the fowl of organic farms often derive from conventional flocks with the restriction to
be of no more than 3 days of age, since this is the suggested alternative in the event that

availability of organic breeding stock is small.

In conclusion

DNA belonging to MAC, MTBc, and MO, but not to M. genevense or MAA, was
detected by PCR in the viscera of organically reared broilers in Greece. The level and
the pattern of sample positivity recorded, indicate that our results may be associated
with the specific conditions that apply to organic farming, probably with connection to

increased exposure of birds to the environment.
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Table

Species Target Primer sequence® (5'—3") ﬁzng;g;(;n RaARguce

Mycobacterium 16S F:‘-ACGGTGGGTACTAGGTGTGGGTTTC- Huard ef

s, rRNA R 43 al., 2003

PP TCTGCGATTACTAGCGACTCCGACTTCA- "

M. tuberculosis 156110 F:- CGTGAGGGCATCGAGGTGGC - 245 Huard et

complex R:-GCGTAGGCGTCGGTGACAAA- al., 2003

M. avium 1S1245 F:- AGGTGGCGTCGAGGAAGAC- 427 Guerrero et

complex R:-GCCGCCGAAACGATCTAC- al., 1995
NP1:-TTAACACGATGAGTCATGCG- 509

M. avium 1S901 NP2:-GCTTATCGATGTCCTTGATC- Pavlik et

avium (nested) \(p3. GTACCCGGCGAAGACCTGG- e 20
NP4:-AAGTCCAGCAGCCGTGCTG-

M oenavense hsp65s MKMTB 13A : - AGGCGATGGACAAGGT- 693 Mendenhall

-8 P2 MPTBII : - CCTCGATGCGGTGCTTGC- et al., 2000

*F: forward, R: reverse

Table 1. Characteristics of the PCR assays used for the detection and identification of

mycobacterial pathogens from our tissue samples.
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Table

Number of samples positive to

Reactor
Farm Code 165 rRNA 1S1245 1S6110 hsp65 1S901 Total*
No
El
E2
E3
E4
E5
E6
E7
E8
E9
E10
Ell
E12

—
o2e]
[
=]

—_ W W = W= A g NN WD
SO O OO OO oo o O
N O WO OO IO NDO O
S DO OO = OO NN O W
S OO O OO OO o oo o
NN W E W= A I NN

)]
<

* Total number of positive samples
Table 2. The results recorded by PCR for each of the targeted genes for all the reactor
farms
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