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ABSTRACT

The aim of this work was to examine various purchased meat products and to find out if any traces of Mycobacterium avium
subsp. avium, M. avium subsp. hominissuis, and M. avium subsp. paratuberculosis could be detected in these samples. Analysis
of the meat products (raw, cooked, and fermented) was performed using a real-time quantitative PCR (qQPCR) method for the
detection of specific insertion sequences: duplex qPCR for the detection of IS900 specific for M. avium subsp. paratuberculosis,
and triplex qPCR for the detection of 1S90/ specific for Mycobacterium avium subsp. avium and 1S1245 specific for M. avium
subsp. hominissuis. Of the 77 analyzed meat samples, 17 (22%) were found to contain M. avium subsp. paratuberculosis DNA, 4
(5%) samples contained Mycobacterium avium subsp. avium DNA, and in 12 (16%) samples M. avium subsp. hominissuis DNA
was detected. The concentration of M. avium subsp. paratuberculosis and M. avium subsp. hominissuis DNA in some meat
products exceeded 10* genomes per g. Culture examination of these mycobacterial subspecies was negative. By analyzing a range
of meat products, we have provided evidence to support the hypothesis that M. avium is present in everyday commodities sold to

the general public.

The zoonotic significance of Mycobacterium avium
subspecies is still being discussed by many research groups
today (19). M. avium is divided into four subspecies,
specifically, M. avium subsp. avium, M. avium subsp.
hominissuis, M. avium subsp. paratuberculosis, and M.
avium subsp. silvaticum. They can cause diseases such as
tuberculosis-like illness, disseminated infections, osteomy-
elitis, and lymphadenitis in immunocompromised patients
and mammals (8). M. avium subsp. paratuberculosis causes
paratuberculosis in ruminants (Johne’s disease), while its
association with Crohn’s disease as yet remains unproven
(4). M. avium subsp. avium and M. avium subsp.
hominissuis can be spread into the environment and into
animals by various routes and can eventually come into
contact with people. The major source of M. avium subsp.
hominissuis is considered to be soil, from which the
organisms are washed away into rivers (6); nevertheless,
M. avium has been detected in foods such as vegetables,
milk, and dairy products (2, 14).

Very few surveys have been performed to determine the
presence of M. avium subsp. avium, hominissuis, and
paratuberculosis in meat products. Nevertheless, the results
confirmed meat as a possible source for the transmission of
potentially pathogenic mycobacteria to humans (/6).
Alonso-Hearn et al. (/) detected and cultured M. avium
subsp. paratuberculosis from the muscle tissue of infected
cattle and suggested a potential risk of exposure to humans
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via contaminated meat. The heat resistance of M. avium in
sausages has also been confirmed (/5). However, analysis
of ground beef did not reveal the presence of M. avium
subsp. paratuberculosis (10). In addition, it was stated that
any M. avium subsp. paratuberculosis detected in muscle,
lymphatic, and organ tissues from cows with advanced
paratuberculosis is likely to be inactivated when the meat is
cooked to a ‘‘well done’’ consistency (/3). The heat
treatment of mycobacterial cells in meat has also been
studied (711, 12), with the results showing a significant
decrease in risk to the consumer after treatment.

The aim of this work was to examine a range of meat
products purchased in three supermarkets and in one butcher
shop by quantitative real-time PCR (qPCR) and culture, to
determine the presence of M. avium subspecies paratuber-
culosis, avium, and hominissuis in these products.

MATERIALS AND METHODS

Origin and storage of samples. Overall, 77 meat products
were purchased from three supermarkets and one butcher shop in a
city in the Czech Republic and stored at —70°C. They were then
divided into three groups: 54 (70%) raw products, five (7%)
cooked products, and 18 (23%) fermented meat products. The meat
products were then further differentiated into subgroups according
to their origin (bones, meat and meat on bones, offal, minced meat,
salami, ham, and sausage; Tables 1 and 2).

Isolation of DNA. DNA from the meat samples was isolated
as previously described by Slana et al. (/7). Fifty milligrams of the
samples was processed according to a slightly modified protocol
based on a commercially available kit (DNeasy Blood & Tissue kit,



637

M. AVIUM DETECTION IN MEAT PRODUCTS

J. Food Prot., Vol. 74, No. 4

soroads winLia1opqodly |,
“(9]) apuojoys “py se Surouanbas Aq paynuapy
‘(91) Aysnoraard paysiqnd

's}[nsar oAnesau ‘—

91/¥S [eI0L
>t - - O X pL'¢ /T Jeall paduljy XN
- OF X T6°¢ - - 1/C JeSN qure]
>t - - - 0/T [L2210) }dong
- - - - 0/T [L2210)
- - - 01 X CTL'L
- - - 01 X €€°6
- - - O X I¥'L 1914 JesN
- - - 01 X $€9
- - - 01 X CTLC Uy Quoq Uo JesN ua3aIyy
T — - — 0/C JBOW PAJUIIA
- L0 X CI'T - 0T X 86'¢
- - - O X v8'y (43 a3esneg
>t - - 01 X 90°¢ /1 weH
- 00 X $I'9 - -
- 01 X vL'1 - - Uy Turefes
- - - - 0/9 30
- O X 1¥'T - 01 X L6°S L Quoq uo JeaN
ot - - - 0/c e
- - — - 0/1 souog S04
— — — — 0/1 JBAW PAJUIIA
- - - - 0/1 [L2210)
- - - OI X T6'C 1/T Quoq Uo Jes]N
P 01 X 88C - o0 X €6°C I/L JeIN
— — — - 0/1 souog Joog mey
JuoneAnny (3/sa1d00) Cpz[SI Smssiuoy (3/sa1dod) 706ST wniap (8/sa1do2) )06SI si1soma.agnp.and aanisod QweN usuQ $59001J
“dsqns wniap “dsqns wmiap “py “dsqns wmiap py *OU/PIUIEXD

¥Ddb xopduy,

yodb

sojdwes jo "‘oN

L2ANMIND pup g 2ul-[pa.4 2aupiIupnb £q paunuvxo sponpo.d jpaw mp.a ul SISSTUTWOY “dsqns pup ‘WiniAe “dsqns ‘sisonaoroqniered -dsgns wniae wniovqoIAN fo uondaaq 1 419V.L



J. Food Prot., Vol. 74, No. 4

KLANICOVA ET AL.

638

"pajoajep osfe sem wels 1ad ¢z /ST Jo sardoo O] X 96t ‘ofdues sty ug
"po109)ap os[e sem weisd 1ad ¢z 7S] Jo sardoo LT X 88% ‘ordwes siy3 ug »
"(97) avuojoyd "y se Surouanbas Aq paynuapy

(91) Aisnoraard paysiqng ,

'S}[nsal oAnesau ‘—

11/€C [BI0L
8/81 [eloiqng

- 01 X T¥r'e - - /T ogesneg

- - 2001 X 8I'V -

- 01 X €TC - -

- 01 X S€'F - -

- - - LT X 61

- 01 X €6°¢ - -

- - (0T X 808 LI X €¥C

- - 0@ X 9¢¢C 01 X 80°1 LI91 eres Jo9q pue 3iod pajusuLIof
€/S [elo1qng

o+ - »201 X 96'C - 1/ 1ure[eg

— — — — 0/1 QUO(Q U0 JexN

- OF X 20T - OF X ¢e°¢ 1/1 Jeor JeaN J1od

>t O X 16¥ - 01 X €9°7C /1 L2216 Jood Pa300D)

JuoneAniny (3/sa1d0d) SHZ ST Smssnnuoy (3/sa1dod) 706SI winiap (3/so1d0d) )06SI Sisomo.aqnip.avd aanisod QureN usuQ $59001d

‘dsqns wmnian “py

‘dsqns wmiap

YDOdb xordury,

“dsqns wmniap
¥odb

‘ou/pauruexa
sordwes jo ‘ON

,2n1nd pup

(¥0db) ¥Dd awn-pa.t sayvypuvnb £q paunuvxa spnpo.d jpaw pajudulidf pup payood ul SIMSSIUTWOY "dsgns pup ‘wniAe "dsgns ‘sisonoroqniered “dsqns wniae ‘] fo uonoa1oq "7 AI1dV.L



J. Food Prot., Vol. 74, No. 4

Qiagen, Hilden, Germany). The isolated DNA was used as a
template in duplex and triplex qPCR.

gPCR. For the detection of a specific insertion sequence
(IS900 explicit for M. avium subsp. paratuberculosis), duplex
gqPCR with an internal amplification control was used for all
samples as described by Slana et al. (/8). For the detection of
specific insertion sequences 1S90/ (specific for M. avium subsp.
avium) and 1S71245 (specific for M. avium subsp. hominissuis and
subsp. avium), triplex qPCR with an internal amplification control
was used for all samples as described by Slana et al. (/7).

Culture. One gram of the sample was homogenized and
decontaminated in 1 M HCl and then neutralized with 2 M NaOH.
Eighty microliters of the suspension was inoculated onto two solid
media (Herrold’s egg yolk medium and medium according to
Stonebrink) and one liquid medium (according to Sula), as
described by Fischer et al. (7).

RESULTS

Of the 77 meat samples analyzed, 17 (22%) were found
to contain M. avium subsp. paratuberculosis DNA, 4 (5%)
samples contained M. avium subsp. avium DNA, and in 12
(16%) samples M. avium subsp. hominissuis DNA was
detected (Tables 1 and 2).

In the raw products group, 12 (22%) samples contained
M. avium subsp. paratuberculosis DNA, none of the raw
products contained M. avium subsp. avium DNA, and in 6
(11%) raw products M. avium subsp. hominissuis DNA was
detected (Table 1). Three cooked meat products were
positive for M. avium; of these, two (40%) contained M.
avium subsp. paratuberculosis and subsp. hominissuis
DNA, and in one (20%) sample, M. avium subsp. avium
DNA was found (Table 2). Fermented meats contained M.
avium subsp. paratuberculosis DNA in three (17%)
products, three (17%) products contained M. avium subsp.
avium DNA, and four (22%) contained M. avium subsp.
hominissuis DNA (Table 2).

Culture results of raw and processed meat products
showed no positivity for any M. avium subspecies. There
were eight mycobacterial isolates, which were further
identified by sequencing according to Harmsen et al. (9)
as Mpycobacterium chelonae, except for one that was
identified as Mycobacterium species (Tables 1 and 2).
These results have been formerly published in detail (/6).

DISCUSSION

In previous studies, the gPCR method has been proven
to be a rapid and sensitive method for the detection of M.
avium (17, 18). In our survey we have displayed the
presence of M. avium subsp. paratuberculosis, M. avium
subsp. avium, and/or M. avium subsp. hominissuis DNA in
40% of the purchased meat products analyzed. The same
meat samples were used in a study by Shitaye et al. (16);
however, their culture method did not prove the presence of
any M. avium subspecies. A possible explanation could be
the presence of dead or viable but noncultivable cells (3).

In our study, there were no major differences in the
amounts of mycobacteria detected in raw and in processed
meats. Nevertheless, this suggestion needs further research.

M. AVIUM DETECTION IN MEAT PRODUCTS 639

The sterilization processes that meat products undergo
during production, e.g., heat treatment, are not sufficient for
the destruction of DNA; therefore, we were able to detect
mycobacterial DNA by qPCR in the amounts stated in
Tables 1 and 2. So far, published results only report counts
of viable cells (11, 12).

Distinct differences in the amounts of mycobacterial
DNA detected in groups according to meat origin were
observed in raw meats, meat on bones, fermented products,
salami, and sausages specifically. Savov (15) confirmed the
presence of M. avium subsp. avium in dried and fumigated
sausages. These results also support a previous hypothesis,
that heat inactivation of mycobacteria, especially in
fermented products, may be insufficient to ensure safety.
Jaravata et al. (/0) surveyed 200 ground beef samples by
multiplex qPCR and found the tested samples to be negative
for the presence of M. avium subsp. paratuberculosis. In our
study, we examined six minced meat samples (five raw
products and one cooked product, meat loaf) and found
two products to be positive for M. avium subsp. paratuber-
culosis and M. avium subsp. hominissuis DNA (Tables 1
and 2).

The positive results obtained from the tested meat
samples may be caused by preslaughter conditions, the
cleanliness of equipment, staff handling, and general
standards of technological processing, which are all
significant agents affecting the final microbiological quality
of the products (5). This could be a possible explanation for
finding M. avium subsp. paratuberculosis and subsp.
hominissuis DNA in five of the samples, as well as double
contamination of M. avium subsp. paratuberculosis and
subsp. avium DNA in two samples.

By analyzing various raw and processed meat products,
we have provided evidence of the presence of DNA of
multiple M. avium subspecies in commercially and publicly
available consumable goods. This may thus represent a
potential pathway for transmission to humans.
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