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Abstract

Members of the Mycobacterium avium complex cause pig mycobacteriosis and opportunistic
human infections. Infections due to environmental mycobacteria are increasing in both industrial
and developing countries. Mycobacterium—infected pig carcasses can pass for human consumption
due to the poor specificity of meat control by visual detection at the slaughter houses.

The genetic relatedness of porcine and human MAC isolates in Finland has been unknown. M.
avium isolates isolated from pig organs (n=16) and clinical samples (n=13) were compared by
IS7245 RFLP analysis to evaluate the similarity of the isolates obtained from human and porcine
samples.

Nearly identical multicopy Mycobacterium avium subsp. hominissuis 1IS1245 RFLP fingerprints
were obtained for isolates of porcine and human origin. 1S7245 RFLP patterns of 38 % of the
porcine and human M. a. hominissuis isolates were >90% similar. The RFLP patterns of 2 porcine
and 2 human isolates showed >95 % similarity. The high similarity of the IS/245 RFLP patterns of
the human and porcine M. a. hominissuis isolates indicates close genetic relatedness, suggesting that
M. a. hominissuis is transmitted between pigs and humans, or that pigs and humans share common
environmental sources of infection. Porcine and human isolates with RFLP patterns differing by
only 1 or 2 bands were found, which shows that the same M. a. hominissuis strains may infect both

humans and pigs.
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INTRODUCTION

Animal mycobacteriosis causes major economical losses world wide and a potential health risk to
humans (Biet et al., 2005; Thorel et al., 2001). Pig mycobacteriosis is a significant problem in
several European countries, with a prevalence of 0.34% in Finland, 0.5% in the Netherlands (Ali-
Vehmas et al., 2004; Komijn et al., 1999) and 10% in Germany in an area where pigs were fed peat
(von Durrling et al., 1998). Economic losses worth approximately 0.5 million euros per the annually
processed 2.1 million carcasses (Information Centre of the Ministry of Agriculture and Forestry of
Finland, 2005) are caused in Finland due to condemnation of pork infected by mycobacteria as only
conditionally edible after processing.

Martin-Casabona et al. (2004) reported 36,099 human infections by non-tuberculous mycobacteria
(NTM) and 22,884 NTM isolates identified to the species level in 14 countries world wide between
1991 and 1996. A total of 3,961 NTM isolates were obtained from human specimens in Finland
between 1995 and 2004 (Iivonen et al., 2005). Human NTM infection occurs mainly in
immunosuppressed individuals and is most frequently caused by members of the Mycobacterium
avium complex (MAC), which occurred in 1,360 (34%) of the 3,961 human cases in Finland and
6,633 (29%, including M. intracellulare) of the 22,884 human cases in the multi-country survey by
Martin-Casabona et al. (2004).

Komijn et al. (1999) compared human and porcine Mycobacterium avium subsp. hominissuis (M. a.
hominissuis) isolates in the Netherlands by the [S/245 restriction fragment length polymorphism
(RFLP) method standardized by van Soolingen et al. (1998) and discovered that the RFLP patterns
of 61% of the human and 59% of the porcine isolates were > 75% similar, showing close genetic
relatedness, and that pigs may be a vehicle for human M. a. hominissuis infections, or that pigs and
humans share common sources of infection. Direct transmission of NTM between animals and
humans has not been proven. Mobius et al. (2006) found close genetic relatedness between porcine

and human M. a. hominissuis isolates in Germany using the IS/245 RFLP method and pulse field
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gel electrophoresis. The IS7245 probe used in the standard method may cross hybridize with the
IS7311element, whereby the RFLP method is not strictly specific to IS/245 (Johansen et al., 2005).
In the present study we used the IS/245 RFLP analysis to study the genetic relatedness of M. a.
hominissuis isolates isolated from slaughter pigs and humans in Finland with regard to public health
aspects.

MATERIAL AND METHODS

Bacterial strains

We randomly selected 13 clinical M. avium isolates collected 2001 to 2004 from patients living in
Finland, and stored in the culture collection of the Mycobacterial Reference Laboratory, National
Public Health Institute, Turku, Finland, for comparison. The clinical isolates were originally
obtained from sputum, bronchial washings and lung biopsies. M. avium subsp. avium reference
strains were supplied by culture collections as indicated by strain code (Fig. 1) and the reference
strain IWGMT 49 kindly provided by Dick van Soolingen.

Isolation of mycobacteria from porcine tissue

Specimens of liver (n=27), lung (n=10), spleen (n=3), lymph node (n=2) and heart (n=1) tissue with
visible tuberculous lesions were collected from 9 pigs raised in Southern Finland and Western
Central Finland and slaughtered at the slaughterhouse in Nurmo Finland in 2002. Mycobacteria
were isolated on Mycobacterium 1 and Mycobacterium 2 modified Lowenstein—Jensen culture
medium (Orion Diagnostica, Finland) and Middlebrook 7H10 agar medium (Difco Laboratories,
USA) and incubated for 14 to 28 days at 28 C. Samples were incubated at 28°C to enable the
isolation of mycobacterial species that grow slowly at temperature above 28°C. The colonies
obtained were stained by the Ziel-Nielsen Carbol Fuchsin method. Representatives of each acid-fast
colony type were subcultured on Middlebrook 7H10 agar plates, incubated at 28°C and stored in
glycerol at—70 °C.

Identific ation of isolates
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59 bacterial cultures were identified to species level by partial sequencing of the 16S rDNA gene as
described by (Kirschner et al, 1993). The sequences were compared with the RIDOM (Harmsen et
al., 2002) and GenBank (Benson et al. 2006) databases and a 100% match was required for species
identification.

RFLP-typing and data analysis

For the genetic typing of 16 porcine and 13 human M. avium isolates IS/245 Restriction Fragment
Length Polymorphism (RFLP) was used as described by van Soolingen et al. (1998). 5 porcine
isolates and one human isolate were run in duplicate to confirm the reproducibility of the RFLP
patterns.

The RFLP patterns were analyzed with the Bionumerics program (version 4.0, Applied Maths,
Kortrijk, Belgium). Autoradiograms of the [S7245 patterns were superimposed on the
autoradiograms of internal markers for normalization. The dice coefficient of similarity for all pair
wise comparisons of patterns was calculated. A dendrogram of relatedness among the patterns was
constructed by the unweighted pair group method with arithmetic averages clustering method.
RESULTS

Isolation and identification of mycobacteria from porcine tissue

43 tissue specimens from 9 pigs with tuberculous lesions were investigated for the presence of
mycobacteria (Table 1). 18 tissues (42%) were culture positive. Culture positive specimens were
obtained from all 9 pigs. A total of 59 pure mycobacterial cultures were obtained. All porcine
mycobacterial isolates (n=59) had 16S rRNA gene sequences 100% identical with the 16S rRNA
gene sequence of M. avium (GeneBank accession number CP000479), which supports the view of
M. avium as the principal pig pathogen. The partial 16S rRNA gene sequence of the strain AM26
was deposited in the EMBL nucleotide database with the accession number AM698088.

RFLP-typing of M. avium isolates
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Genetic fingerprints were generated for 16 porcine and 13 human M. avium isolates by RFLP
analysis of the IS/245 element. Fig. 1 shows the IS/245 RFLP patterns of 16 porcine and 13 human
M. avium isolates and 5 M. avium reference strains. 29 different RFLP patterns were obtained for
the porcine and human isolates. The replicate DNA preparations produced identical RFLP patterns
for each strain. In 6 pigs 2 or more isolates with different RFLP patterns were isolated. In one case
(pig 3247), 4 strains with different RFLP patterns were obtained from 4 specimens from the same
pig (2 lung, 1 liver, 1 lymph node specimen).

Cluster analysis

The genetic relatedness of the porcine and human M. avium isolates was studied by cluster analysis
of the [S/245 RFLP patterns. All porcine and human isolates showed high-copy IS/245 RFLP
patterns (>5 bands) typical for M. avium subsp. hominissuis (Mijs et al., 2002) (Table 1) and
differed from the low—copy number patterns of the M. a. avium isolates (Fig. 1). The similarity of
RFLP patterns between the M. a. avium reference strains was 100%. Similarity of the IS/245
RFLP patterns among the porcine isolates was >50% and among the human isolates >40%. Ten
porcine and seven human isolates grouped together with >80% similarity. Six porcine (38%) and
five human (38%) isolates had RFLP patterns with >90% similarity. In two cases porcine (AM23B
and AM26) and human (H03965/1 and H0147/2) isolates grouped together with >95% similarity.
The human isolate H03965/1 was analyzed as a duplicate to ensure the reproducibility of the close
clustering. The high similarity between the RFLP patterns of porcine and human M. avium isolates
shows that they are closely genetically related. Four isolates with IS/245 RFLP patterns 50% to
80% similar were obtained from the pig 3247, which suggests simultaneous infection by four
different strains.

DISCUSSION

The prevalence of tuberculous lesions in slaughter pigs has increased ten-fold in Finland during the

last decade (Ali-Vehmas et al., 2004). Approximately one in 10,000 individuals in Finland is yearly
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infected by environmental mycobacteria, and the infections are caused by members of MAC more
often than any other NTM species (Iivonen et al., 2005).

In this study porcine M. avium isolates were identified by sequencing of the 16S rRNA gene and
compared to human isolates using the [S/245 RFLP standard method. No earlier reports on
comparative RFLP typing of human and porcine M. avium isolates from Finland exist. RFLP
analysis showed that both pigs and humans were infected with strains carrying a large number of
the IS7245 element. These isolates produced more than 15 identical bands, which is the typical
IS7245 RFLP pattern for M. avium subsp. hominissuis (Mijs et al., 2002). Almost identical [S7245
RFLP fingerprints were found in strains of porcine and human origin. The high similarity (>90%)
of the IS7245 RFLP patterns of ~40% of the human and porcine M. a. hominissuis isolates
evidences close genetic relatedness between human and porcine M. a. hominissuis isolates in
Finland. The results of this study support the earlier studies reporting close genetic relatedness
between human and porcine M. a. hominissuis isolates in the Netherlands (Komijn et al., 1999),
Sweden (Ramasoota et al., 2001), and Germany (Md&bius et al., 2006) and the hypothesis about a
common source of M. a. hominissuis infection for pigs and humans or pigs as a vehicle for human
infections.

Isolation of several IS/245 genotypes of M. avium from one pig suggests simultaneous infection by
several M. avium strains. This finding supports the study of Matlova et al. (2005) where one isolate
from a single pig contained several mycobacterial clones with different RFLP types. Simultaneous
infection by several strains can be the result of a heavy load of M. a. hominissuis in the piggery
environment, or susceptibility of some pigs to M. a. hominissuis infection. M. avium and other
NTM have been shown to occur in piggery bedding materials such as peat, sawdust, and straw and
also in drinking water (Matlova et al., 2003, 2004, 2005; Pakarinen et al., 2006; Windsor et al.,

1984). The high prevalence of pig mycobacteriosis and the common occurrence of mycobacteria in
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the piggery environment indicate that piggeries may be reservoirs of infective environmental
mycobacteria.

Pig mycobacteriosis is diagnosed at slaughterhouses by a visual detection of tuberculous lesions in
pig organs. Komijn et al. (1999) reported isolation of M. a. hominissuis from the mesenteric lymph
nodes of 48 out of 345 (13.9 %) healthy slaughter pigs without tuberculous lesions in the lymph
nodes, which shows that visual inspection is a poor method for detection of pig mycobacteriosis.
There is long-term evidence that ingestion can be a route of human M. avium infection (Argueta et
al., 2000; Yoder et al., 1999). In some cases temperature of up to 70 °C is required for inhibition of
M. avium (Nichols et al., 2004), whereby mycobacteria may survive i poorly heated pork.
Effective methods are needed for detection, quantification, identification and genetic profiling of
environmental mycobacteria in order to trace the environmental reservoirs of human and animal
mycobacteriosis. Using [S/245 RFLP we identified nearly identical M. a. hominissuis from pig
organ samples and clinical cases and showed that pigs may be a vehicle for M. a. hominissuis
infections in humans, or that pigs and humans share common sources of infection in Finland.
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Table 1. Isolation and characterization of mycobacteria in porcine tissues.

Mycobacterial culture

of porcine tissues

Characterization of mycobacterial isolates

Sequencing of the 16S

rRNA gene

IS7245 RFLP analysis

Examined Positive

Examined MA®

Examined MAH®

No. No. % No. No. % No. No %
Liver 27 11 41 40 40 100 9 9 100
Lung 10 3 30 7 7 100 4 4 100
Spleen 3 2 67 9 9 100 2 2 100
Lymph node 2 1 50 1 1 100 1 1 100
Heart 1 1 100 2 2 100 0 0 0
Total 43 18 42 59 59 100 16 16 100

Identified as M. avium

"Identified as M. avium subsp. hominissuis
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Fig. 1. Dendogram of the IS/245 RFLP patterns of porcine, human and avian M. avium

isolates. Source: OUH: Oulu University Hospital, HUH: Helsinki University Hospital, PHCH:

Péijit-Hédme Central Hospital, EP: Eteli-Pohjanmaa Hospital District, TAUH: Tampere
University Hospital, TUH: Turku University Hospital, LCH: Lappi Central Hospital, SCH:
Seindjoki Central Hospital. Isolates >80% similar marked with "*". Isolates >90% similar

marked with "™. Four isolates obtained from a sin gle pig marked by emboldened text.
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ACCEPTED MANUSCRIPT

- S O L Strsin Code.  Soarey Specimn
__: |r | | I] | | neszmn Heman OUH N
| | Flll || | amsma Pig 3247 g 1
LTIN T | HOES404* Humon HUH  lung biopsy
| J’ 1l | HOLETA2 Hamas HUH ot
F Ifl | HHER 35N =* Humam FILTH st
F I | || meesserr HumesHUH spanm
] | | AMIIBY Plig 0906 liver
Il 1 AME3AS Pig 21117 fver
| Wlh | AMaE® Pig 7277 el
L MM102*  Human PHCH  sputum
| I | / 1 ( AMupI Pig 4193 [ives
ML T HIBKLO®  HumanHUH  spatam
LI l ]| asmae Pig 3247 Mver
1| I Il | worgae Human EP S
I I" I I | | | AMZGST Pig 5509 liver
L UHI [ e vewo e
[ [ | |||‘ I AM4SE Pig 3483 liver
e LLIELH] AM498 Pig 5483 g
— Hlll ||’| Il | AMET Pig 6761 Jiver
RRINLBN AM08 Pig 5400 .
RN }| | HID4504 Himan TAUH  bronchial washing
I |||||| AN AMMB Med mphaeds
I |‘ || M7 Human TUH spaium
—F il I w | | Amsne Pig 2107 it
WL T HO2TTAS* Humnan UM bronchial washing
Il — U LI T AMeaR* Pig 0950 et
- R TIRRIH AM34B Pig 1277 it
(] | s PR S
Il || mwraos Hamun SCH spetam
]l HI0304 Homas HUH  bronchisl wahing
| | | | rwanras
|| ATOC 35712 Checken
[ 1 ATCC2521  Hem
| | ATCC 15769 Hen

” ATCC 33T Chacken
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