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Mycobacterium avium subsp. paratuberculosis
in powdered infant milk: F57 competitive real time PCR
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ABSTRACT: Mycobacterium avium subsp. paratuberculosis (MAP) in concentrations from 48 to 32 500 cells

per gram of powdered infant milk were found in 18 out of 51 investigated samples (35%) in this study. More than

10 000 cells per gram were present in four samples (7.8%). Such concentrations mean that one package of milk

contains 5 million MAP cells, which are ingested by a bottle-fed baby over the course of several days. Premature

babies and bottle-fed newborns can be affected by pro-inflammatory triggers from a huge number of mycobacteria

despite not suffering from infection with bacteria or viruses often linked with the etiology of Crohn’s disease.
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Paratuberculosis in ruminants (Johne’s disease)
is not yet considered a zoonosis and contamina-
tion of milk with MAP is not subject to regulatory
standards. Countless authors have reported that
milk from cows suffering from paratuberculosis
is contaminated with MAP (Collins, 1997; Anon,
2000, 2010; Grant et al., 2001; Corti and Stephan,
2002; Nacy and Buckley, 2008; Slana et al., 2008b;
Eltholth et al.,, 2009; Botsaris et al., 2010; Donaghy
et al,, 2011). Herd prevalence of paratuberculosis
is more than 50% in many countries (Nielsen and
Toft, 2009). Cultivable MAP are present in around
2% of retail pasteurized milk and cheese (Grant
et al., 2002; Slana et al., 2009; Gill et al., 2011).
The presence of IS900 and F57 from MAP in pow-
dered infant milk is not surprising as milk from
paratuberculosis-contaminated herds is used for
the production of milk products. We have found
1S900 in 48.9% of 51 retail powdered infant milk
samples produced by 10 companies from seven
European countries (Hruska et al., 2005). Potable
or bottled water is another possible source of my-
cobacteria in baby formula (Papapetropoulou et al.,
1997; Falkinham, 2003; Pedley et al., 2004).

Muramyldipeptides, released from peptidogly-
cans constituting the mycobacterial cell walls, are
potent immunomodulators and are known triggers
of inflammation (Ellouz et al., 1974; Carbone et al.,
2005; Maeda et al., 2005; Coulombe et al., 2009).
Heat shock protein, present in the mycobacteria,
can also participate in this process. Hence, even
dead mycobacteria in milk or water used for baby
formula pose a risk for newborn babies, as their im-
munomodulatory effects are beyond doubt (Pettis
et al., 2000; Maeda et al., 2005; Coulombe et al.,
2009).

Genetic factors linked with Crohn’s disease, such
as NOD2, are well documented (Brant et al., 2007).
The hypothesis that MAP and perhaps other myco-
bacteria in baby formula play the role of the miss-
ing environmental factor in the etiology of Crohn’s
disease (Hruska, 2009; Hruska and Pavlik, 2010) is
supported by many papers which describe breast
feedingas a protective factor against Crohn’s disease
(Bergstrand and Hellers, 1983; Davis, 2001; Klement
et al., 2004; Mikhailov and Furner, 2009; Barclay et
al., 2009), type I diabetes mellitus (Hanson, 1998;
Davis, 2001; Virtanen and Knip, 2003; Peng and
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Hagopian, 2006; Dow, 2006; Banwell et al., 2008),
asthma (Oddy, 2004), multiple sclerosis (Banwell et
al., 2008), junevile idiopathic arthritis (Ellis et al.,
2010), allergic diseases (Hanson et al., 2002) and
other autoimmune diseases. Some authors have
published data on direct links between MAP or
cow’s milk and the mentioned diseases (Hanson,
1998; Davis, 2001; Virtanen and Knip, 2003; Dow,
2006). Comprehensive studies and reviews are
available on the links of Crohn’s disease with social
and ethnic factors (Economou and Pappas, 2008;
Hou et al., 2009), urban dwelling and communal
water availability (Falkinham et al., 2008; Kaevska
and Hruska, 2010; van Ingen et al., 2010), show-
ers and bathrooms with hot water supplies (Gent
et al.,, 1994; Duggan et al., 1998), the use of home
refrigerators (Hugot et al., 2003) and higher hy-
gienic standards (Guarner, 2007; Klement et al.,
2008). Some important findings have been pub-
lished as far back as 20 years ago (Thomson, 1993;
Colombel and Gowerrousseau, 1994; Wurzelmann
et al.,, 1994). All these hypotheses can be linked
with bottle feeding and MAP or mycobacterial
triggers of proinflammatory cytokine cascades.
Gut mucose permeability and formation of im-
munity and exposure to mycobacterial triggers
of inflammation in the first days or weeks after
birth could have a delayed manifestation of in-
flammation in the target tissues many years later
(Colombel and Gowerrousseau, 1994; Kawabata
et al., 1994; Wurzelmann et al., 1994; Ponsonby
et al., 2009).

A tentative interpretation of ongoing or previous
infections with Crohn’s disease could be provided
by data regarding the duration of exposure to trig-
gers, which is strongly linked with chronic human
diseases (Carbone et al., 2005). The fact that the
human body can be affected by a huge number of
non-cultivable mycobacteria even if the host does
not suffer from mycobacteriosis as a disease with
clinical symptoms is not yet regarded as a possible
missing piece of the etiological puzzle of many in-
flammatory diseases. Data on the number of MAP
cells in powdered infant milk can be important for
further understanding the etiology and pathogene-
sis of Crohn’s disease and other lifestyle diseases.

MATERIAL AND METHODS

Fifty one dried milk baby food products from
10 producers operating in seven European Union

countries and available on the Czech market were
tested by competitive real time quantitative PCR
for F57 (Slana et al., 2008a). The results of testing
the same samples by PCR for 1S900 have been al-
ready published (Hruska et al. 2005).

RESULTS AND DISCUSSION

MAP cells were found in 18 samples (35%) and
concentrations ranged between 48 and 32 500 per
gram of dried milk (Table 1). More than 10 000 cells
per gram of dried milk were estimated to be
present in four samples (7.8%). Eighteen samples
were found to be F57-positive, while 13 samples
were also IS900-positive. F57 was not detected
in 12 samples positive for IS900. The differences
between both methods are the subject of ongoing
experiments; however, we have sufficiently reliable
controls for the elimination of false positive results.
We are confident in the reliability of the estimated
numbers of cells and believe that the numbers may
even be higher.

The concentration of 10 000 cells per gram of
dried milk represents 5 million MAP cells in one
package of 500 g. Usually two packages of the same
batch are purchased together; therefore, the ex-
posure of one baby to immunomodulators from
10 million MAP cells is accomplished within sev-
eral days according to the age of the baby and daily
amount of ingested milk. However, exposure can
be higher and longer if the batch is not changed
or if the new one is not MAP-free or is negligi-
bly contaminated. Moreover, mycobacteria with
proinflammatory triggers can be ingested also from
potable or bottled water, used for formula prepara-
tion or can be ingested or inhaled during bathing or
swimming. Thus, the total amount of triggers, hav-
ing a possible impact on the baby in a critical time
of immune maturation, can be very significant.

Muramyldipeptide and other components of
the mycobacterial cell wall can have an impact on
immunity and very likely participate in the devel-
opment of some human chronic inflammatory dis-
eases. Powdered or liquid milk as a substitute for
breast feeding of premature babies and newborns
should be produced from MAP-free milk or some
limit of contamination should be established. The
contamination of water should be regulated in a
similar manner. The presence of mycobacteria in
milk and water represents a public health problem
which needs to be addressed urgently.
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Table 1. The quantity of Mycobacterium avium subsp. paratuberculosis cells in powdered infant milk*

F57 1S900**
Number of samples examined 51 51
Number of samples positive 18 (35.3%) 25 (49%)
4.84 x 10! positive
5.39 x 10! negative
6.48 x 10! positive
1.05 x 102 negative
1.21 x 102 positive
1.24 x 10? negative
1.37 x 10? inhibition
1.58 x 102 positive
1.87 x 10? positive
Number of MAP per 1 g
2.29 x 102 positive
2.50 x 102 positive
2.55 x 10? positive
2.59 x 10? positive
4.92 x 10? positive
1.05 x 10* positive
1.61 x 10* positive
2.68 x 10* inhibition
3.25 x 10* positive

*Only three F57-positive samples were IS900-negative, in two samples the PCR was inhibited. In twelve IS900-positive

samples F57 was not detected
**Hruska et al. (2005)
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