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paratuberculosis by polymerase chain reaction in bovine milk in Brazil
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ABSTRACT

Mycobacterium avium ssp. paratuberculosis (MAP) is
the causative agent of paratuberculosis, or Johne’s dis-
ease, a chronic granulomatous enteritis that affects all
ruminants worldwide. Since the isolation of MAP from
intestinal tissue of human patients bearing Crohn’s dis-
ease, there has been a debate on the possibility of this
agent playing a role in the etiology of Crohn’s disease.
Milk could be the potential vehicle for transmission to
humans. Mycobacterium avium ssp. paratuberculosis
has already been detected in milk samples worldwide.
In Brazil, detection of MAP is uncommon; however, it
has already been detected by bacterial isolation and se-
rological test. The aim of this study was to investigate
the presence of MAP, by PCR, in raw milk samples in
the region of Vigosa, Minas Gerais State, Brazil. Of 222
milk samples evaluated, 8 (3.6%) quarter milk samples
amplified fragments of similar size to that expected of
626 bp. These fragments were cloned and sequenced.
The genetic analysis revealed a 99% identity match
between the sequences obtained in this study and the
insertion sequence IS900 deposited in the GenBank. In
the analyzed milk samples, MAP DNA was detected,
confirming its presence in dairy cattle in the region of
Vigosa. This is the first report of MAP presence in raw
milk samples in Brazil.

Key words: Mycobacterium avium subspecies paratu-
berculosis, insertion sequence IS900, polymerase chain
reaction, Johne’s disease

Mycobacterium avium ssp. paratuberculosis (MAP)
is a gram-positive, acid-fast and facultative anaerobic,
intracellular bacterium. It is a fastidious microorganism
that requires the growth factor mycobactin J for in vitro
growth. It belongs to the Mycobacteriaceae family and
under microscopy, usually forms small clusters (Collins,
2003). Similar to other mycobacteria, MAP has a thick
cellular wall composed mainly of lipids, characterizing
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its alcohol-acid-resistant property, hydrophobicity, and
great resistance to chemical processes, such as water
chlorination (Whan et al., 2001).

Some researchers have indicated a possible role of
MAP in Crohn’s disease (Collins, 1997; Hermon-Taylor,
2002; Grant, 2005; Feller et al., 2007), whereas others
have expressed doubt on this association (Abubakar et
al., 2007; Waddell et al., 2008). Mycobacterium avium
ssp. paratuberculosis was detected by culture, PCR,
and serological methods in tissue and blood samples
obtained from human patients bearing Crohn’s disease
(Bull et al., 2003; Olsen et al., 2003; Naser et al., 2004;
Sechi et al., 2005). It is worth mentioning that Crohn’s
patients had already been treated successfully using
drugs against MAP (Hermon-Taylor, 2002; Borody
et al., 2007). However, some studies have shown that
the etiology of Crohn’s disease can involve a variety of
viral and bacterial agents, including MAP, or an im-
munological origin. Evidence points to an interaction
between a persistent environmental stimulus, such as a
microbial antigen, and genetic factors that regulate an
immunological response or a mucosal intestinal func-
tion (Shanahan and O’Mahony, 2005). The vehicle for
transmission of MAP from animals to humans would
be milk, but the causal association between MAP and
Crohn’s disease remains unclear.

Several studies reported survival of MAP in cows’
milk after pasteurization; however, there is no agree-
ment on the concentration of this bacteria present in
the raw milk that can be effectively inactivated by
the current pasteurization procedures (Chiodini and
Hermon-Taylor, 1993; Millar et al., 1996; Ayele et al.,
2005; Ellingson et al., 2005).

Currently, Brazil is the sixth-largest producer of milk
worldwide, with a volume corresponding to approxi-
mately 4.5% of the world’s production. The southeast
region of the country is the largest producer, accounting
for 38.4% of the whole domestic production, whereas
the State of Minas Gerais contributes 27.9% of the
dairy production in the country (IBGE, 2006).

Considering the socio-economical and public-health
significance of milk quality in Brazil, this study was
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Figure 1. Polymerase chain reaction products visualized in 1% agarose gel electrophoresis using primer pairs BN1/BN2. Lanes 1, 2, 3, 4, 5,
6, 7, and 8 are amplified samples. Lane 9 is the positive control, 10 the negative control (Milli-Q water), and M the molecular marker (pX174/

Haelll, Promega, Madison, WI).

proposed to investigate the presence of MAP in the
region of Vicosa, Minas Gerais State, Brazil.

Milk samples were collected from animals with clini-
cal signs of paratuberculosis and from animals without
clinical signs of the disease. Animals without overt
paratuberculosis could have been subclinically infected
and disseminating MAP to the environment via feces.

A total of 206 quarter milk samples were asepti-
cally collected, and bulk tank milk samples from each
of the 16 dairy herds in the region of Vigosa, Brazil,
totaling 16 bulk tank milk samples, were collected. All
the samples were processed according to the methodol-
ogy described by Pillai and Jayarao (2002), and PCR
was performed according to Sivakumar et al. (2005).
A wild, certified MAP strain was used as the positive
control, Milli-Q water was used as the negative control,
and $X174/Haelll (Promega, Madison, WI) was used
as the molecular marker. To confirm the identity of
the amplified fragments (626 bp), the PCR amplified
products were cloned in the pGEM vector using the
pGEMT—Easy kit (Promega). Plasmid DNA was puri-
fied with Wizard Plus SV Minipreps DNA Purification
System kit (Promega). Deoxyribonucleic acid sequenc-
ing, adapted by Sanger et al. (1977), was used to confirm
the sequences in a MegaBACE 1000 (GE Healthcare,
Buckinghamshire, UK) by using the M13 forward and
reverse primers. The obtained sequences were edited
by the DNA MAN software and compared with I1S900
(Green et al., 1989) deposited in the GenBank under
the accession number X16293.1 using the Basic Local
Alignment Search Tool (BLAST) software, available
at the National Center for Biotechnology Information
Web site (http://www.ncbi.nlm.nih.gov).

Among 222 evaluated samples, 8 (3.6%) amplified
expected fragments of 626 bp (Figure 1). All the posi-
tive samples were derived from the quarter milk. None
of the bulk-tank samples amplified fragments according
to the expected size. This fact can be explained by the
dilution that happens in this kind of sample; therefore,
bulk tank milk samples would not be ideal for MAP
detection in the herd. Infected animals would not be

diagnosed and could still be a source of infection to
others.

Of these 8 amplified samples, one was collected from
a young animal and the other 7 (87.5%) from animals
with 2 or more lactations that were between the age of
3 and 5 yr, when paratuberculosis affects cattle more
frequently. Two (25%) of the 8 samples of amplified
DNA were degraded; thus, they were not used subse-
quently in the analysis. Four out of the 7 samples (6
quarter milk samples and the positive control) intended
for the sequencing process were successfully sequenced.
The genetic analysis showed a 99% identity match be-
tween the sequences obtained from the 4 quarter milk
samples in this study and IS900.

The results confirmed the presence of MAP in the
analyzed samples that showed identity with the inser-
tion sequence 1S900. This study confirmed MAP in the
tested milk samples, providing key information about
the presence of paratuberculosis in dairy herds in the
region of Vicosa and in Minas Gerais State, Brazil. Be-
cause there is a lack of official paratuberculosis surveys
and control programs in Brazil, further studies will be
needed to support the adoption of national paratu-
berculosis control measures. This is the first report of
MAP detected in raw milk samples from dairy cattle
in Brazil.
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