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IS901 RFLP analysis of 36 Mycobacterium avium subsp.
avium (MAA) isolates from 15 pheasants (Phasianus
colchicus) and two goshawks (Accipiter gentilis) from four
pheasant farms was performed. Using this method, six
different IS901 RFLP types (E, F, G, M, Q, and V) were
identified. The distribution of IS901 RFLP profiles was tightly
linked to individual flocks. Matching 1S901 RFLP profiles
observed in the present study indicate MAA transmission
between pheasants and goshawks in the same locality. In two
flocks, different pheasants within a flock as well as in various
organs of five individual pheasants were found to have two
distinct IS901 RFLP profiles.
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Avian tuberculosis caused by Mycobacterium avium
subsp. avium (MAA), a member of the Mycobacterium
avium complex (MAC), is a disease that affects many
different animal species worldwide such as pigs, cattle, and
particularly birds which are considered to be the main
reservoir for this organism [13]. The spread of MAA from
birds to other susceptible animal species occurs primarily
through fecal contamination of the environment. Individual
animals are subsequently infected through the ingestion or
inhalation of contaminated food, water, or soil particles
[4,14]. Clinically, avian tuberculosis in birds manifests
itself as a chronic wasting disease. However, many cases
never show signs of infection. The disease is diagnosed
upon post-mortem examination when tuberculous lesions
are found during gross examination or granulomatous
inflammation is discovered during histopathological
examination [12,14].

Molecular studies together with anamnestic data can help
improve our understanding of avian tuberculosis

epidemiology among birds. Several molecular approaches
e.g., pulsed field gel electrophoresis (PFGE), random
amplification of polymorphic DNA (RAPD), amplified
fragment length polymorphism (AFLP), mycobacterial
interspersed repetitive unit-variable number of tandem
repeat (MIRU-VNTR), and 1S90/ restriction fragment
length polymorphism (RFLP) have been used to study of
MAA isolates [5,8,9,11]. Currently, there is an increasing
trend in the number of groups using MIRU-VNTR analysis
for typing Mycobacterium tuberculosis isolates.
Unfortunately, the results of MIRU-VNTR analysis of
MAA isolates reported by Pate er al. [9] show that this
technique is not sufficiently discriminatory. RAPD has
been found to have discriminatory power appropriate for
the differentiation of MAA isolates [11], but a major
disadvantage of this method is the poor reproducibility of
results between different labs. In contrast, IS90/ RFLP
data, due to the simple IS901 RFLP profile that consists of
about 14 bands, are reproducible between labs [1].

Only a few studies [2,11,12] on the etiology of MAA
infection have been conducted. In order to gain new
information regarding avian tuberculosis, the genetic
variability of MAA isolates from captive pheasants in four
different flocks and two free living goshawks was
evaluated. The 34 MAA isolates used in this study were
recovered from tissues of 15 pheasants originating from
four distinct farms (A, B, C, and D) in the Czech Republic.
Additionally, two MAA isolates detected in the livers of
two dead goshawks (Accipiter gentilis) found in the
vicinity of farm A were also included in our analysis.
Anamnestic data for the 14 pheasants and two goshawks
are presented in our previous study [7]. Isolates from other
organ tissues such as the lungs, kidneys, and ovaries of the
pheasants were also included in the study. Additionally,
three MAA isolates from one pheasant with hepatic lesions
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Fig. 1. Six IS901 RFLP profiles of Mycobacterium avium subsp. avium isolates after digestion with restriction endonuclease Pvull.
Band sizes of a 1-kbp ladder are shown on the left of the patterns. Arrowheads indicate differences between 1S90 RFLP profiles in an
individual flock. Flock A: IS907 RFLP profiles G and Q, flock B: IS907 RFLP profiles F and M.

were collected at farm C and used for typing. The
cultivation of different tissues on solid media (Herrold’s
egg yolk and Stonebrink’s media) and PCR identification
of MAA were carried out as previously described by
Fischer et al. [3] and Moravkova et al. [6]. IS90] RFLP
was conducted with the restriction enzyme Pvull (New
England Biolabs, USA) and data analysis was carried out
according to a standardized protocol [1].

A total of six IS901 RFLP profiles, E, F, G, M, Q, and V
(Fig. 1), were found among 34 MAA isolates obtained
from 15 pheasants and two goshawks. All 1S90/ RFLP
profiles we generated were previously described by
Dvorska et al. [1]. The distribution of IS901 RFLP profiles
was strictly limited to individual flocks. For two flocks (A
and B), two distinct IS90/ RFLP profiles were found in
different pheasants within the flocks as well as in various
organs of five individual pheasants (Table 1). In all cases,
the IS907 RFLP patterns only varied by the position of one
band. This could have been due to a mutation in the
mycobacterial genome or exposure of the birds to multiple
mycobacterial sources. Similar results were also obtained
in our previous studies in which two different IS90/ RFLP
profiles were detected in 33.3% of pig farms [5] and one

poultry flock in which polyclonal infection was suspected
[12].

Birds are considered to be sensitive to MAA but disease
progression varies among individual birds depending upon
immune status, stress levels, avian taxon, and strain
virulence [2,11]. It has been documented that MAA
virulence is multifactorial and IS90/ may play an important
role [10]. In our previous study of avian tuberculosis in
waterfowl [2], it was found that all infected birds had MAA
with an IS90/ RFLP profile F whereas two other 1S90/
RFLP profiles (G and T) were only isolated from the feces
of one bird. Subsequent testing revealed that the G and T
isolates are not virulent to pullets in contrast to those with F
profiles that are fully virulent. In the present study,
granulomatous lesions observed in five MAA-positive
pheasants (nos. 1, 2, 9, 11, and 14) had four IS90/ RFLP
types (G, F, M, and V). No granulomatous lesions in the
parenchymatous organs were observed during the
post-mortem examination of the two goshawks with IS901
RFLP type G (Table 1). Shitaye et al. [12] studied the RFLP
profiles of a flock of MAA-infected hens. Isolates
recovered from tissues with and without tuberculous
lesions exhibited IS907 RFLP types AE and E. IS90/ RFLP
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Table 1. Distribution of IS90/ restriction fragment length polymorphism (RFLP) profiles for Mycobacterium avium subsp. avium in different

pheasants originating from four flocks (A, B, C, and D)

Flock A B C D
Bird RFLP G RFLP Q Bird RFLPF RFLPM Bird RFLP V Bird RFLP E
Ph1 Liver* Bone marrow  Ph9  Bone marrow Liver* Ph 14 Liver* Ph 15 Spleen
Kidney Spleen Bone marrow
Ovary Lung Intestine
Ph2 Liver* Bone marrow ~ Ph 10 Liver
Lung
Ovary
Ph3 Liver Bone marrow ~ Ph 11 Spleen*
Lung Spleen
Kidney Intestine
Ph4 Bone marrow Ph 12 Liver
Ph 5 Liver Ph 13 Liver
Ph6 Bone marrow
Ph7 Liver Spleen
Bone marrow
Ph8 Liver
Spleen
Gol Liver
Go2 Liver

*QGranulomatous lesions were present. RFLP: standardised IS907 RFLP with restriction endonuclease Pvull was carried out as described by
Dvorska et al. [1], Ph: pheasant (Phasianus colchicus), Go: goshawk (Accipiter gentilis).

type AD was isolated from tissues lacking pathological
lesions. Therefore, we conclude that the virulence of
different strains cannot be assessed by 1S90/ RFLP typing
alone and further studies examining the virulence factors of
different strains MAA are necessary.

The identification of identical 1S90/ RFLP profiles in
different animal species may serve as evidence of
interspecies transmission or a common source of infection
[2,9]. In the current study, we detected MAA infection in
pheasants with the same 1S90/ RFLP profile E (Table 1)
previously found in hens on the same farm [12]. The
pheasants and hens were kept in separate areas, and direct
contact between the two bird populations was prevented.
Therefore, we can assume that contaminated shoes and
clothes of farm personnel, feed, drinking water, or
instruments are likely vectors of MAA. Interestingly, [IS901
RFLP profile G, which was only detected in one pheasant
flock, was also identified in isolates from the livers of two
goshawks from the same locality (Table 1). Since the
goshawk is a predator, it is probable that these birds became
infected upon consuming prey such as an infected pheasant
or other infected animals inhabiting the same locality as the
infected pheasants.

In summary, all IS901 RFLP profiles detected in pheasants
were detected previously in different animal species [1].

The distribution of IS901 RFLP profiles was tightly linked
to the individual flocks. Further, in two flocks two distinct
1S901 RFLP profiles of MAA isolates that differ in position
of one band were observed. MAA isolates from pheasants
and goshawks originated from the same locality displayed
identical 1S90/ RFLP profile which indicate the common
source of infection for both or MAA transmission between
pheasants and goshawks.
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