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ABSTRACT: Mycobacterium avium subsp. paratuberculosis (MAP) is the etiologic agent of paratuberculosis, a 
disease with considerable economic impact, principally on dairy cattle herds. Animals with paratuberculosis shed 
viable MAP especially in their milk, faeces and semen. MAP may have a role in the development of Crohn’s disease 
in humans via the consumption of contaminated milk and milk products. The current methods of milk pasteuriza-
tion are not sufficient to kill all MAP cells present in milk and MAP has been cultured from raw or pasteurized 
milk and isolated from cheese. The purpose of the present study was to review the different methods used for 
detection of MAP in milk and milk products. We analyze the current methods for direct or non direct identifica-
tion of MAP and culture and molecular biology methods that can be applied to milk and milk products.
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List of abbreviations

ATP = adenosine triphosphate, BACTEC = fluorescence-quenching-based oxygen sensor, BTM = bulk tank milk, 
CFU = colony forming units, CFT = complement fixation test, DNA = deoxyribonucleic acid, ELISA = enzyme 
linked immunosorbent assay, HEYM = Herrold eggs yolk medium, HPC = hexadecyl pyridinium chloride, HTST = 
high-temperature short-time pasteurization, IMS = immunomagnetic separation, IMS-PCR = immunomagnetic 
separation and PCR, IS = insertion sequence, LAM = lipoarabinomannan, MAP = Mycobacterium avium subsp. 
paratuberculosis, MGIT = Mycobacteria Growth Indicator Tube (Becton Dickinson, USA), PCR = polymerase 
chain reaction, SPC = solid phase cytometry, UHT = ultra heat treated
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1. Introduction

Mycobacterium avium subsp. paratuberculosis 
(MAP) is the causative agent of paratuberculosis 
or Johne’s disease which primarily infects domes-
tic and wild ruminants but has also been detected 
in other animals (e.g., wild rabbits). The digestive 
(intestinal) tract is considered the most common 
entrance route of MAP into the organism. Further 
development and multiplication of MAP in the 
intestinal mucosa depend on the natural immu-
nity of animals and are determined by the ability 
of macrophages to reduce the intracellular multi-
plication of mycobacteria (Bendixen et al., 1981). 
Some animals can recover spontaneously. In other 
animals, MAP survives and multiplies in the intes-
tinal tract mucosa. Having no clinical symptoms, 
these animals (often highly productive) become 
dangerous vectors of infection (sources of infection 
for other susceptible animals), shedding MAP into 
the external environment in their milk and faeces. 
Other animals may become carriers of MAP which 
survives in the intestinal tract. After phagocytosis 
by aggregated macrophages they are transferred 
from the mucosa of the intestinal tract (in a viable 
state and capable of multiplication) via lymph chan-
nels and then infiltrate regional lymph nodes. MAP 
can also occasionally penetrate other organs (Hole, 
1958; Gilmour, 1976, 1985). In the later (clinical) 
stage of infection, owing to a thickening of the in-
testinal mucosa, MAP causes both a decrease in 
the absorption of nutrients and chronic diarrhoea 
with consequent wasting of the animals.

Pathogenesis of the disease and MAP shedding 
in milk and ejaculates has been studied most thor-
oughly in cattle (Ayele et al., 2004). MAP was de-
tected in milk for the first time in 1935, when it 
was isolated from three out of four milk samples 
from clinically ill cows (Alexejeff-Goloff, 1935; 
Taylor et al., 1981). This finding was confirmed by 

a number of further studies (Smith, 1960; Taylor 
et al., 1981). The shedding of MAP through ejacu-
lates has also been documented in bulls (Tunkle and 
Aleraj, 1965). Furthermore, MAP has been isolated/
detected from udder tissue, supramammary lymph 
nodes and milk originating from cows with clini-
cal signs of paratuberculosis. From asymptomatic 
cows, MAP has been isolated from supramammary 
lymph nodes, milk and from colostrum (Sweeney 
et al., 1992; Streeter et al., 1995). It has been sug-
gested that MAP-infected macrophages are present 
in lipid droplets on the cream layer of milk (Koenig 
et al., 1993). The mechanism of the shedding of 
MAP organisms into milk has not yet been well 
investigated. Presumably, the shedding of MAP 
organisms into milk occurs by hematogenous or 
lymphatic spread.

Due to the deficiencies in current methodology 
(non-standardized methodology) for the isolation of 
MAP from milk, it is not possible to accurately deter-
mine the amount of MAP cells present in naturally 
infected milk. Sweeney et al. (1992) determined the 
level of milk contamination in asymptomatic cows 
as 2 to 8 CFU/50 ml. The level of contamination in 
clinical animals remains to be determined.

Recently, an increasing number of studies have 
been focused on the association of Crohn’s dis-
ease with MAP (Hermon-Taylor and Bull, 2002). 
Publications dealing with the culture detection of 
MAP in milk and milk products have also been in-
creasing in number over the last decade (Rademaker 
et al., 2007; Stephan et al., 2007). From Table 1 it 
can be seen that MAP has been detected by culture 
in milk in countries with advanced dairy breeding 
systems on all continents; the positivity has ranged 
between 0.3 and 35.0%. MAP has also been detected 
by culture and PCR methods in retail cheeses in 
the USA, the Czech Republic and Greece (Table 2). 
The culture method for MAP detection holds the 
advantage of specificity. However, the disadvan-
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Table 1. Culture detection of Mycobacterium avium subsp. paratuberculosis in cows’ milk

Country
Examined samples

Reference
No. positive %

Argentina 25 2 8.3 Paolicchi et al. (2003)

Australia 26 9 35.0 Taylor et al. (1981)

Czech Republic
244 4 1.6 Ayele et al. (2005)

100 2 2.0

Ireland
389 1 0.3 O’Reilly et al. (2004)

357 0 0

UK

312 15 4.8 Millar et al. (1996)

60 4 6.7 Grant et al. (2002b)

144 10 6.9

816 27 3.3 Grant et al. (2005)

USA

77 9 11.6 Sweeney et al. (1992)

126 3 2.4 Streeter et al. (1995)

7 2 28.6 Naser et al. (2000)

8 0 0 Stabel (2001)

156 0 0 Stabel et al. (2002)

20 1 5.0 Pillai and Jayarao (2002)

211 9 4.0

1 493 43 2.8 Jayarao et al. (2004)

29 6 20.6

702 20 2.8 Ellingson et al. (2005)

tages of this method are the long time necessary 
for culture (six weeks or more) and the insufficient 
effectiveness of decontaminating methods (Harris 
and Barletta, 2001; Ayele et al., 2005). Hence, vari-
ous methods for the rapid detection of MAP in 
milk and milk products are under development at 
present. These are in most cases molecular tech-
niques based on the detection of MAP DNA.

Accordingly, the aim of the present review is to ana-
lyse the available methods of MAP detection (indirect 
and direct) with regard to their specificity and sensi-
tivity, and the principles on which they are based.

2. Indirect MAP detection based 
on antibody detection in milk

The pathogenesis of paratuberculosis is charac-
terized by two main stages: the first stage is the 
tuberculoid stage and is marked by a strong cell-

mediated immune response. The second stage is 
the leproid stage, in which humoral immunity is 
important (Chiodini et al., 1984; Chiodini and 
Vankruiningen, 1986). Serological tests are not 
suitable for newly infected animals, because anti-
MAP antibodies are not usually produced in the 
early stage of infection. These tests for MAP detec-
tion are more revealing when used to carry out a 
preliminary investigation of the disease prevalence 
in a herd and for confirmation of the diagnosis in 
clinically ill animals (Gumber et al., 2006).

The ELISA method was first used for detection of 
serum antibodies against MAP in cattle in the late 
1980s (Jorgensen and Jensen, 1978). Larsen et al. 
(1963) detected high levels of antibodies in calves 
after the intake of colostrum from MAP-infected 
cows by means of a complement fixation test (CFT). 
Subsequently, the antibodies gradually disappeared. 
The indirect detection of antibodies in the blood se-
rum of calves was later confirmed by the direct detec-
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tion of anti-MAP antibodies in colostrum and milk. 
Comparable results were obtained in the colostrum 
of sheep from a MAP-infected herd (Muhammed and 
Eliasson, 1979). Richards (1990) investigated the oc-
currence of antibodies in cow’s milk by a modified 
ELISA method designated as MELISA by the author. 
He detected levels of antibodies in serum and milk 
from cows with clinical manifestations of paratuber-
culosis comparable to those obtained by the ELISA 
method in the same cows. However, this finding 
was not confirmed by a later study which found that 
ELISA for antibodies to MAP in milk samples did not 
agree with ELISA results on serum samples from the 
same animals (Hardin and Thorne, 1996).

2.1. ELISA in individual and bulk tank milk 
samples

The ELISA method has been the only adopted proce-
dure for MAP detection in milk with the use of specif-
ic antigens for MAP antibodies. Lipoarabinomannan 
(LAM) was the first antigen used in this method. 
Sweeney et al. (1994) were the first authors to use the 
ELISA method with the application of a home made 
antigen. By means of their home made method, they 

detected the presence of MAP in 15% of individual 
milk samples (Sweeney et al., 1994; Table 3).

A commercially available antigen and a home 
made procedure have been more often applied in 
the ELISA method for the analysis of individual 
milk samples. The highest sensitivity achieved by 
both the above mentioned approaches to MAP 
detection in individual samples of milk was 30%. 
However, their specificity was quite high. The lit-
erature also contains instances of the combining 
of a commercial antigen and a home made ELISA 
method for bulk tank milk samples. Moreover, in 
these cases, the reported sensitivity and specificity 
were 97% and 83%, respectively (Table 3).

It is common practice to have milk samples com-
mercially examined and evaluated for anti-MAP 
antibodies by means of an ELISA method in spe-
cialized laboratories. It is also possible to buy a kit 
from a specialized laboratory and to perform the 
ELISA test in a normal laboratory. However, the 
evaluation of the obtained results may not be the 
same as if the analysis were performed in a spe-
cialized laboratory. A high specificity level (99%) 
of commercial examinations is a considerable ad-
vantage but these examinations have a very low 
sensitivity level (Table 3).

Table 2. Mycobacterium avium subsp. paratuberculosis detection in commercially available cheese by culture and 
PCR

Examined cheese Detection 
method

Samples
Reference

Type milk country NaCl1 (%) pH2 No. positive %

Hard Czech Republic
1.0 5.4 PCR3 

culture 23
4 17

Ikonomopoulos et al. (2005)
1.0 5.4 0 0

Semi 
hard

bovine
Czech Republic

1.9 5.2 PCR3 

culture 5
1 20

1.9 5.2 0 0

Switzerland
nk 5.6 PCR4 

culture 133
6 4

Stephan et al. (2007)
nk 5.6 0 0

goat and 
sheep

Greece
2.5 4.1 culture 

PCR3 42
2 5

Ikonomopoulos et al. (2005)
2.5 4.1 21 50

Soft bovine
Czech Republic

1.0 4.1 PCR3 
culture 14

0 0
1.0 4.1 0 0

Switzerland
nk nk PCR4 

culture 9
0 0

Stephan et al. (2007)
nk nk 0 0

Cheese 
curds

retail USA
nk nk culture 

PCR3,5

PCR6
98

0 0
Clark Jr. et al. (2006)nk nk 23 23

nk nk 9 9

nk = not known; 1concentration of sodium chloride (NaCl) in the tested cheese; 2pH value of the tested cheese
3IS900 PCR; 4f57 Real-Time PCR; 5single and quantitative PCR used; 6heat shock protein X (hspX) gene
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Table 3. The detection of antibodies against Mycobacterium avium subsp. paratuberculosis in cows milk by the 
ELISA method

Milk sample
Method Examined samples Parameters (%)

Reference
antigen procedure No. positive % sensitivity specificity

Individual

home made1 home 764 115 15.1 60.0 83.0 Sweeney et al. (1994)

home made home 26 23 88.5 28.0 91.5 Singh et al. (2007)

commercial2 home

812 125 15.4 97.1 83.3 Nielsen et al. (2002)

580 62 10.7 49.0–64.0 80.0–96.0 Klausen et al. (2003)

602 203 33.7 97.1 83.3 Nielsen and Ersboll (2006)

commercial  
examination3

2 122 36 1.7 40.0 99.0 Hendrick et al. (2005a)

689 77 11.2 40.0 99.0 Hendrick et al. (2005b)

1 921 64 3.3 40.0 99.0 Lombard et al. (2006a)

34 28 82.4 40.0 99.0 Lombard et al. (2006b)

1 576 124 7.9 67.0 99.7 Wells et al. (2006)

4 901 123 2.5 21.0 99.8 Hendrick et al. (2006)

commercial examination4 394 37 9.4 60.0 99.3 Salgado et al. (2007)

Bulk tank commercial2 home 900 630 70.0 97.1 83.3 Nielsen et al. (2000)

1lipoarabinomanan antigen, LAM; 2Allied Monitors, Fayette, Missouri, USA; 3ELISA E, Antel Biosystems, Inc., Lansing, 
Michigan, USA; 4IDEXX Laboratories, Inc., Westbrook, Maine, USA

Collins et al. (2005) analyzed the commercially 
available ELISA kits for MAP detection in milk. 
The tested kits showed high specificity levels in 
three independent laboratories (> 99%) but very 
low sensitivity levels (28%). Based on the results 
of the study the authors recommended the use of 
ELISA kits in support of paratuberculosis con-
trol programmes in dairy herds, only if data from 
ELISA kits are used judiciously and interpreted 
quantitatively.

2.2. Advantages and disadvantages of MAP 
antibody detection in milk

An explanation of results obtained by the ELISA 
method is always based on a compromise between 
sensitivity and specificity (Geue et al., 2007). 
Therefore, the evaluation of infected and non-
infected herds always depends on the authors of 
the developed method and on its interpretation 
(Table 3). The problem of mutual cross-reactiv-
ity between antibodies (false positive reactions), 
which occurs when animals encounter atypical 
mycobacteria, remains to be solved. The com-
mercially available examination of milk samples 
is one of the possible ways of standardizing this 

method, as specialized laboratories guarantee the 
level of sensitivity and specificity. Considerable ad-
vantages of the ELISA method are its high trough-
put capability, its relatively low price and rapidity. A 
major disadvantage is the fact that although animals 
may shed MAP in milk, it does not necessarily mean 
that they will produce antibodies.

3. Direct detection of infectious agents 
of paratuberculosis

3.1. Visual detection of MAP

Direct visual detection of MAP by means of op-
tical microscopy is theoretically possible after 
Ziehl-Neelsen staining of milk samples. However, 
no references concerning the use of direct optical 
microscopy for detection of MAP in milk are avail-
able in the literature.

3.1.1. Fluorescence microscopy

The use of fluorescence microscopy for the detec-
tion of MAP in milk is also very uncommon. Only 
the application of solid phase cytometry (SPC) can 
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be found in the literature. SPC is a recently de-
veloped laser scanning technique for the quanti-
tative detection of fluorescently labelled bacteria 
on a membrane filter that eliminates the need for 
a growth phase. The resulting fluorescent cells 
are automatically detected and the results can be 
visualized using an epifluorescence microscope. 
SPC has mainly been used for the microbiological 
control of pharmaceutical waters and the detec-
tion of specific microorganisms in drinking water. 
D’Haese et al. (2005) investigated SCP as a rapid 
technique of detecting viable MAP cells in 50 ml 
of artificially contaminated pasteurized milk. To 
make SPC effective at detecting low amounts of 
MAP in unfilterable milk, a sample pre-treatment 
should focus on the removal of fat and proteins and 
the elimination of background flora. The authors 
reported a 73% recovery rate for this MAP detec-
tion method in milk (when 50 ml milk were spiked 
with 102 MAP cells).

3.1.2. Bioluminiscence

Bioluminiscence is generated by an enzyme-
catalyzed chemoluminescence reaction, wherein 
the pigment luciferin is oxidised by the enzyme 
luciferase. The chemical reaction can occur either 
within or outside of the cell. The use of biolumi-
niscence for the detection of MAP in a variety of 
sources (water, milk, blood etc.) and organisms 
such as M. leprae, M. tuberculosis (Gupta et al., 
1997; Martin-Casabona et al., 1997), Saccharomyces 
cerevisiae, Citrobacter rodentium and Escherichia 
coli (Jawhara and Mordon, 2004; Cho and Yoon, 
2007) using firefly luciferase has been described 
in the available literature. Recently, studies dealing 
with the use of bioluminiscence in association with 
MAP have been published (Williams et al., 1999; 
Rosseels et al., 2006).

One of the detection strategies based on bio-
luminiscence is the luciferase system. Many lu-
ciferase reporter systems have been developed 
and are successfully used for specific detection 
(M. tuberculosis). The application of the luciferase 
system for MAP detection in milk is very rare and 
non-conventional. Nevertheless, Sasahara et al. 
(2004) used a bioluminescent construct (plasmid- 
and phage-based firefly luciferase constructs; gene 
FFlux) for the detection of viable MAP cells from 
milk artificially contaminated with MAP containing 
the bioluminescent construct. For the artificial milk 

contaminations, different isolates infected by plas-
mids and phages were prepared. The advantage of 
the use of FFlux as a reporter gene is that luciferase 
requires ATP in order to produce bioluminescence, 
and therefore only viable bacteria (who can pro-
duce ATP), including injured cells, will be detected. 
The lowest MAP population that could produce 
detectable luminescence was determined to be 102 
cells/ml in skimmed milk and 103 cells/ml in whole 
milk. The detection of MAP using the luciferase 
system is much more rapid than cultivation and 
has comparable sensitivity to PCR methods.

3.2. MAP detection by culture examination

The culture detection of MAP in any matrix is 
considered the gold standard (reference method) 
for MAP detection. Despite widespread use, cul-
tivation techniques are not standardized and the 
ability of different laboratories to cultivate varies 
considerably (Tables 4 and 5). A conventional cul-
ture of MAP requires special media enriched with 
Mycobactin J (an iron-chelating factor). Incubation 
is carried out at 37°C and colonies are in some cases 
visible after four weeks, but more commonly after 
10 to 16 weeks. It is also possible to use a liquid 
medium to detect growing MAP. The radiometric 
system is known as BACTEC and the fluorescent 
one is known as MGIT (Becton Dickinson UK Ltd., 
Cowley, Oxford, United Kingdom).

MAP is usually detected in milk by culture. 
However, it has gradually been demonstrated that 
the sensitivity of this method largely depends on 
the way that an inoculum is prepared for appli-
cation onto culture medium and the avoidance 
of contamination of the medium. Due to the fact 
that milk contains a number of other bacteria and 
milk elements, which can spoil samples if they are 
stored inadequately, an effort has been made to 
improve this method, or even to use this method 
concurrently with other methods of MAP detec-
tion.

Strategies traditionally employed for the detection 
of other mycobacteria, especially M. tuberculosis, 
have increasingly been adopted for MAP detection 
in recent years. The first adopted detection method 
was BACTEC. Subsequently, the FASTPlaqueTB 
assay (Biotec Laboratories Limited, Ipswich, United 
Kingdom) based on the exclusive detection of vi-
able cells by means of plaque formation on culture 
medium within 24 h was modified for use on MAP. 
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Table 4. Culture methods used for the isolation of Mycobacterium avium subsp. paratuberculosis from fresh raw 
cows’ milk

M
ilk

 sa
m

pl
e Centrifugation conditions Decontamination Media

Antibiotics Referencevolume 
(ml)

time 
(min)

speed  
(× 1 000 g)

chemicals
time (h) HEYM others

HPC (%) others

Q
ua

rt
er

50 30 0.90 0.75 4.0 + nk Sweeney et al. (1992)

50 30 1.95 0.75 own + without Pillai and Jayarao 
(2002)

50 30 1.95 0.75 own + without Jayarao et al. (2004)

50–100 nk nk 5.00% OA, 
NaOH nk + without Taylor et al. (1981)

10–12 30 4.00 rpm 0.90 own + without Singh et al. (2007)

Ta
nk

40 15 2.50 0.75 5.0 + without Dundee et al. (2001)

40 15 2.50 0.75 own + VAN

40 15 2.50 0.90 own + VAN

40 15 2.50 1.25N NaOH 0.5 + without

10 30 2.00 rpm 0.90 own + VN Stabel et al. (2002)

50 15 2.50 0.75 5.0 + without Grant et al. (2002a)

50 15 2.50 0.75 5.0 + BACTEC1 PANTA

50 30 1.95 0.75 own + without Pillai and Jayarao 
(2002)

40 30 1.95 0.75 own + without Jayarao et al. (2004)

50 15 2.50 0.75 5.0 + without O’Reilly et al. (2004)

50 15 2.50 0.75 5.0 + without

50 15 2.50 0.75 5.0 + BACTEC1 PANTA

50 30 3.10 0.75 2.0–5.0 + VAN,BHI Gao et al. (2005)

50 30 3.10 0.75 2.0–5.0 – LB VAN,BHI

50 15 4.00 without without without + BACTEC1 PANTA (+) Grant et al. (2005)

50 15 4.00 without without without +2 VAN

nk

250 30 1.95 0.75 own + nk Streeter et al. (1995)

5 nk nk nk nk nk + nk Stabel et al. (1997)

1–50 15 2.50 0.75 4.0 + nk Grant et al. (1998)

18 10 10.00 without without without Db+calf 
serum VAN Giese and Ahrens 

(2000)

150 30 2.40 0.75 own  +3 VANN Paolicchi et al. (2003)

nk 30 1.20 0.90 own + VNF Stabel et al. (2004)

50 15 2.50 0.75 5.0 + without Ayele et al. (2005)

HPC =  hexadecyl pyridinium chloride; HEYM = Herrold’s egg yolk medium; OA = oxalic acid; nk = not known; own = over 
night; Db = Dubos broth; LB = Luria Bernati medium; PANTA = polymyxin B, amphoterin B, nalidixic acid, trimethoprim, 
azocillin; PANTA (+) = antibiotic supplement (Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom); VAN = van-
comycin, amphoterin B, nalidixic acid; VNF = vancomycin, nalidixic acid, fungizone; VANN = vancomycin, amphoterin B  
nalidixic acid, nistatin; BHI = brain heart infusion; rpm = revolutions per minute
1Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom; 2with 0.41% sodium pyruvate; 3with no preciously described 
pyruvate
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However, this method requires additional confir-
mation of MAP by means of specific PCR (Stanley 
et al., 2007). The reported sensitivity of the method 
is lower by 1 to 2 log10 than the sensitivity of culture 
on HEYM (Altic et al., 2007).

3.2.1. Volume and centrifugation conditions 
of analyzed samples

If the method of MAP detection in milk is to be 
standardized for routine purposes, it is necessary 

Table 5. Culture methods used for the isolation of Mycobacterium avium subsp. paratuberculosis from pasteurised 
and/or retailed cows’ milk

Milk sample
Centrifugation conditions Decontamination Media

Antibiotics Referencevolume 
(ml)

time 
(min)

speed  
(× 1 000 g)

HPC  
(%)

Time 
(h) HEYM others

Pasteurised

50 10 7.00 1.00 without + without Pearce et al. (2001)

50 10 7.00 1.00 without + BACTEC1 PANTA

50 15 2.50 0.75 5.0 + without Grant et al. (2002b)

50 15 2.50 0.75 5.0 + BACTEC1 PANTA

 5 15 2.50 0.75 5.0 + BACTEC1 PANTA Grant and Rowe (2004)

50 30 1.14 without without
Db + calf 

serum
PACT Stabel and Lambertz 

(2004)

50 30 1.173 without without + BACTEC1 PANTA

50 30 1.173 without without + without

50 15 2.50 0.75 5.0 + without O’Reilly et al. (2004)

50 15 2.50 0.75 5.0 – BACTEC1 PANTA

50 20 1.50 0.75 4.0 + BACTEC1 without McDonald et al. (2005)

50 20 1.50 0.75 4.0 + BACTEC1 PANTA (+)

50 20 1.50 0.75 own + VAN

50 15 4.00 without without + BACTEC1 PANTA (+) Grant et al. (2005)

50 15 4.00 without without + VAN

Retail

15 60 41.00 0.752 own – Db nk Millar et al. (1996)

  8 15 2.50 0.75 5.0 + BACTEC1 PANTA Grant et al. (2003)

  8 15 2.50 0.75 5.0 + MGIT1 PANTA

40 30 14.00 without without – Db PACT Ellingson et al. (2005)

50 15 2.50 0.75 5.0 + without Ayele et al. (2005)

Waste 25 30 2.00 0.90 own + VNF Stabel (2001)

HPC = hexadecyl hyridinium hhloride; HEYM = Herrold’s egg yolk medium (+ used, – not used); own = over night; nk = 
not known; Db = Dubos broth; PANTA = polymyxin B, amphoterin B, nalidixic acid, trimethoprim, azocillin; PANTA (+) 
= antibiotic supplement (Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom); VAN = vancomycin, amphoterin 
B, nalidixic acid; VNF = vancomycin, nalidixic acid, fungizone; PACT = polymyxin-B, carbenicillin, trimethoprim lactate, 
amphotericin B
1Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom
2HPC or 0.10% benzalkonikum chloride
3exactly 1 172 g



Veterinarni Medicina, 53, 2008 (6): 283–306	 Review Article

291

to establish the sample volume for analysis which can 
vary between 1 l and several litres. Centrifugation is 
used for the processing and concentrating of samples 
for analysis. After the centrifugation of milk, up to 
69.4% of MAP cells can be found in the pellet (Grant 
et al., 1998). The conditions of centrifugation of fresh 
cow’s milk (volume, time and relative centrifugal 
force) have varied across different publications. The 
volume of centrifuged milk usually ranges between 40 
and 50 l except for some publications, which report 
lower (1 to 18 ml) or higher (100 to 250 ml) volumes. 
The centrifugation time is usually between 15 and 
30 min although some have reported times of 10, 20 
or even 60 min. The rate of centrifugation specified 
by the relative centrifugal force has usually been lower 
than 9 000 g; 14 000 and 41 000 g have on rare occa-
sion been used, however (Tables 4 and 5).

3.2.2. Decontamination of milk samples

This step is necessary when raw milk is used for 
the isolation of MAP but theoretically is not required 
when pasteurized milk is used, as the possibility that 
other microorganisms will grow in pasteurized milk 
products is very low. Methods to selectively kill non-
mycobacterial flora in milk (of course in all samples) 
and decontamination are critical factors to ensure 
a high sensitivity of MAP detection. Raw milk usu-
ally contains a high level of contaminants, and the 
selection of the chemical decontamination step is an 
important consideration for the successful recovery 
of MAP (Dundee et al., 2001).

Hexadecylpyridinium chloride (HPC) is the most 
widely used and recognised decontaminating sub-
stance as it is the least harmful to MAP, and most ef-
ficient at killing other microorganisms. The method 
of decontamination is the same for fresh and pasteur-
ized milk. Decontamination usually takes 4 to 5 h, or 
is performed overnight. A review of 25 publications 
reveals the use of the following chemical substances 
for milk decontamination: NaOH and HPC in two 
(8%) and 20 publications (80%), respectively; milk 
samples were not decontaminated in three (12%) 
publications (Tables 4 and 5).

3.2.3. Culture media and antibacterial and 
antimycotic compounds

HEYM is currently the most popular medium 
used for culture. In a few cases, the culture of 

milk was concurrently performed in the BACTEC 
system with the addition of various combinations 
and concentrations of antibacterial and antimycotic 
compounds. A mixture of antibiotic supplement 
substances named PANTA (+) is most often used 
for the culture of pasteurized retail milk. It is a 
commercially available combination of polymyx-
in B, amphoterin B, nalidixic acid, trimethoprim 
and azocillin. Antibiotic substances are usually not 
used for the culture of fresh milk. Nevertheless, 
VAN (vancomycin, amphoterin B, nalidixic acid; 
Tables 4 and 5) is used in some cases.

3.2.4. Culture examination on solid and 
in liquid media

The detection of MAP by means of culture on 
solid and in liquid media was first reported in 2001. 
Liquid media are used to accelerate MAP detec-
tion. The potential growth of viable MAP cells is 
first detected and then the culture of resuscitated 
cells is inoculated onto solid agar where the typical 
morphology of MAP colonies and their typical slow 
growth are confirmed (Grant and Rowe, 2004). In 
other studies, both types of culture media were 
used for the detection of MAP and the obtained 
results were compared (Tables 6 and 7).

Grant et al. (2003) compared the detection capa-
bilities of the non-radiometric MGIT System and 
radiometric BACTEC Culture System with UHT 
milk samples spiked with different levels of MAP 
(from 101 to 107 cells/ml) which were inoculated into 
MGIT and BACTEC media with or without chemical 
decontamination before culture. The MGIT system 
was found to be very effective and could be used as 
a replacement for the radiometric system to detect 
MAP in pasteurized milk. The chemical decontami-
nation caused a significant reduction in numbers of 
viable MAP in all spiked milk samples resulting in a 
decreased capability to culture. For obtaining MAP 
from heat-treated samples, liquid culture media are 
more suitable than agar media on which chemical 
decontamination cannot be applied (Grant et al., 
2005; Ruzante et al., 2006).

3.3. MAP detection based on molecular 
techniques

The use of molecular biological methods for the 
detection of MAP in milk and other matrices was 
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Table 6. Culture methods used for the isolation of Mycobacterium avium subsp. paratuberculosis from raw cows’s 
milk

Source 
of milk

Centrifugation conditions Decontamination
Media Antibiotics Referencevolume 

 (ml)
time 
(min)

speed  
(× 1 000 g) chemicals (%) time 

 (h)

nk

50-100 nk nk 5.00 OA, NaOH nk HEYM without Taylor et al. (1981)

250 30 2.01 0.75 HPC own HEYM + 0.41% 
sodium pyruvate nk Streeter et al. (1995)

5 nk nk nk nk HEYM nk Stabel et al. (1997)

1–50 15 2.5 0.75 HPC 4.0 HEYM nk Grant et al. (1998)

18 10 10.0 no without Db + calf serum VAN Giesse and Ahrens (2000)

150 30 2.4 0.75 HPC own HEYM + pyruvate VANN Paolicchi et al. (2003)

nk 30 1.2 0.90 HPC own HEYM VNF Stabel et al. (2004)

50 15 2.5 0.75 HPC 5.0 HEYM without Ayele et al. (2005)

Tank

40 15 2.5 0.75 HPC 5.0 HEYM without Dundee et al. (2001)

40 15 2.5 0.75 HPC own HEYM VAN

40 15 2.5 0.90 HPC own HEYM VAN

40 15 2.5 1.25 N NaOH 0.5 HEYM without

10 30 2.0 rpm 0.90 HPC own HEYM VN Stabel et al. (2002)

50 15 2.5 0.75 HPC 5.0 HEYM without Grant et al. (2002a)

50 15 2.5 0.75 HPC 5.0 HEYM – BACTEC3 PANTA

50 30 2.01 0.75 HPC own HEYM without Pillai and Jayarao (2002)

40 30 2.01 0.75 HPC own HEYM without Jayarao et al. (2004)

50 15 2.5 0.75 HPC 5.0 HEYM without O’Reilly et al. (2004)

50 15 2.5 0.75 HPC 5.0 HEYM without

50 15 2.5 0.75 HPC 5.0 BACTEC3 PANTA

50 30 3.1 0.75 HPC 2.0–5.0 HEYM VAN,BHI Gao et al. (2005)

50 30 3.1 0.75 HPC 2.0–5.0 LB VAN,BHI

50 15 4.0 without without HEYM – BACTEC3 PANTA (+) Grant et al. (2005)

50 15 4.0 without without HEYM VAN

Quar-
ter2

50 30 0.9 0.75 HPC 4.0 HEYM nk Sweeney et al. (1992)

50 30 2.01 0.75 HPC own HEYM without Pillai and Jayarao (2002)

50 30 2.01 0.75 HPC own HEYM without Jayarao et al. (2004)

nk = not known; OA = oxalic acid; own = over night; Db = Dubos broth; HEYM = Herrold’s egg yolk medium; HPC =  hexade-
cyl pyridinium chloride; PANTA = polymyxin B, amphoterin B, nalidixic acid, trimethoprim, azocillin; PANTA + = antibiotic 
supplement (Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom); VAN = vancomycin, amphoterin B, nalidixic acid; 
VNF = vancomycin, nalidixic acid, fungizone; VN = vancomycin, nalidixic acid; VANN = vancomycin, amphoterin B, nalidixic 
acid, nistatin; BHI = brain heart infusion; LB = Luria Bernati medium; rpm = revolutions per minute
1exactly 1 950 g
2milk originated from four quarters
3Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom
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Table 7. Culture methods used for the isolation of Mycobacterium avium subsp. paratuberculosis from pasteurised 
cows’ and humans’ milk

Source of 
milk

Centrifugation conditions Decontamination
Media Antibiotics Referencevolume 

(ml)
time 
(min)

speed  
(× 1 000 g)

chemicals 
(%) time (h)

Pasteurised

50 10 7.0 1.00 HPC without HEYM without Pearce et al. (2001)

50 10 7.0 1.00 HPC without HEYM – BACTEC3 PANTA

50 15 2.5 0.75 HPC 5.0 HEYM without Grant et al. (2002b)

50 15 2.5 0.75 HPC 5.0 HEYM – BACTEC3 PANTA

 5 15 2.5 0.75 HPC 5.0 HEYM – BACTEC3 PANTA Grant and Rowe 
(2004)

50 30 1.1 without without Db + calf serum PACT Stabel and  
Lambertz (2004)

50 30 1.21 without without HEYM – BACTEC3 PANTA

50 30 1.21 without without HEYM without

50 15 2.5 0.75 HPC 5.0 HEYM without O’Reilly et al. (2004)

50 15 2.5 0.75 HPC 5.0 BACTEC PANTA

50 20 1.5 0.75 HPC 4.0 HEYM – BACTEC3 without McDonald et al. 
(2005)

50 20 1.5 0.75 HPC 4.0 HEYM – BACTEC3 PANTA +

50 20 1.5 0.75 HPC own HEYJ VAN

50 15 4.0 without without HEYM – BACTEC3 PANTA + Grant et al. (2005)

50 15 4.0 without without HEYM VAN

Retail

15 60 41.0 0.10 BCh or 
0.75 HPC own Db nk Millar et al. (1996)

8 15 2.5 0.75 HPC 5.0 HEYM – BACTEC3 PANTA Grant et al. (2003)

 8 15 2.5 0.75 HPC 5.0 HEYM – MGIT3 PANTA

40 30 14.0 without without Db PACT Ellingson et al. 
(2005)

50 15 2.5 0.75 HPC 5.0 HEYM without Ayele et al. (2005)

Waste 25 30 2.0 0.90 HPC own HEYM VNF Stabel (2001)

Breast2 nk nk nk without nk 12B* + OADC PANTA Naser et al. (2000)

HPC = hexadecyl pyridinium chloride; HEYM = Herrold’s egg yolk medium; OA = oxalic acid; BCh = benzalkonikum chlo-
ride; own = overnight; Db = Dubos broth; PANTA = polymyxin B, amphoterin B, nalidixic acid, trimethoprim, azocillin; 
PANTA (+) = antibiotic supplement (Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom); VAN = vancomycin, 
amphoterin B, nalidixic acid; VNF = vancomycin, nalidixic acid, fungizone; VANN = vancomycin, amphoterin B, nalidixic 
acid, nistatin; PACT = polymyxin-B, carbenicillin, trimethoprim lactate, amphotericin B; OADC = enrichment (DIFCO, 
Livonia, Michigan, USA)
1exactly 1 172 g; 2milk originated from a human; 3Becton Dickinson UK Ltd., Cowley, Oxford, United Kingdom

made possible by the discovery of specific DNA 
sequences, particularly IS900 (Green et al., 1989) 
and f57 (Poupart et al., 1993). The sequencing of the 
entire MAP genome (strain K-10) also significantly 
contributed to the precise detection and identifi-

cation of MAP specific sequences (Li et al., 2005). 
With regard to the fact that various modifications 
of the PCR method are usually employed for MAP 
detection in milk, all possible “critical” steps will 
be analysed in detail in the following section.
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Table 8. Direct PCR detection of Mycobacterium avium subsp. paratuberculosis in cows’ milk by centrifugation

Milk 
source

Samples PCR Sensitiv-
ity or DL 
(CFU/ml)

Centrifugation
Reference

No. positive % type target
volume 

(ml)
speed 

(×.1 000 g) 
time 
(min)

Quar-
ter

11 2 18.0 single IS900 103 18.0 20.0 5 Giese and Ahrens (2000)

1 493 201 13.4 single IS900 0.21a 50.0 2.0d 30 Jayarao et al. (2004)

211 69 33.0 single IS900 101–102 50.0 2.0d 30 Pillai and Jayarao (2002)

26 6 23.0 single IS900 nk 15.0-20.0 3.0 rpm 45 Singh et al. (2007)

Raw
24 0 0 single IS900 nk 1.0 3.0 15 Paolicchi et al. (2003)

16 2 13.0 Q f57 101 10.0 5.0e 30 Tasara and Stephan (2005)

Udderb
84 3 3.6 Q f57 102 10.0 5.0e 30 Bosshard et al. (2006)

9 7 77.8 MSc ISMav2 102 1.0 MS Stratmann et al. (2002)

Bulk 
tank

29 9 27.5 single IS900 0.871 50.0 2.0d 30 Jayarao et al. (2004)

1 384 273 20.0 nested IS900 nk 20.0 4.5 30 Corti and Stephan (2002)

20 10 50.0 single IS900 101–102 50.0 2.0d 30 Pillai and Jayarao (2002)

52 35 68.0 nested IS900 102 0.5 150 rpm  5 Stabel et al. (2002)

2 2 100.0 Q f57 101 10.0 5.0e 30 Tasara and Stephan (2005)

100 3 3.0 Q f57 102 10.0 5.0e 30 Bosshard et al. (2006)

7 5 71.4 MSc ISMav2 102 1.0 MS Stratmann et al. (2002)

423 23 5.5 MSc ISMav2 5 × 102 1.0 MS Stratmann et al. (2006)

328 13 3.9 nested IS900 nk 30.0 1.0 15 Pinedo et al. (2008)

Retail
312 22 7.0 single IS900 2 × 102 

–3 × 102 20.0 41.0 60 Millar et al. (1996)

710 110 15.5 nested IS900 DL 102 1.0 18.0 90 Gao et al. (2002)

Dried
51 25 49.0 single IS900 nk 20.0 mg nk nk Hruska et al. (2005)

51 18 35.0 Q f57 nk 20.0 mg nk nk

DL = detection limit; Q = quantitative Real-Time PCR; MS = magnetic separation; nk = not known; CFU = colony forming 
unit; S900 = insertion sequence 900 specific to Mycobacterium avium subsp. paratuberculosis (Green et al., 1989); f57 = 
fragment 57 specific to Mycobacterium avium subsp. paratuberculosis (Poupart et al., 1993); ISMav2 = insertion sequence 
specific to Mycobacterium avium subsp. paratuberculosis (Strommenger et al., 2001)
aKELA test; bmilk from cows from the slaughterhouse; cpeptide-mediated capture; dexactly 1 950 g; eexactly 4 500 revolu-
tions per minute (rpm)

3.3.1. MAP concentration by centrifugation

The isolation of DNA by means of PCR is a criti-
cal step in its detection in any matrix. Accordingly, 
it is necessary to pay due attention to this step. The 
procedures used for the centrifugation of samples 
with the aim of concentrating MAP cells present in 
milk before PCR examination is performed are the 
same as those procedures carried out before culture 
examination (Chapter 3.2.1.; Tables 8 and 9).

3.3.2. Isolation of DNA from MAP

Commercially available kits, developed for DNA 
isolation from different matrices, are commonly 
used for this purpose. There are three commercial 
kits for the rapid isolation and detection of MAP 
in milk:

(1) Aureon Biosystems (ParaStatusTM isolation kit 
for milk, Vienna, Austria) – at present for research 
use only.
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(2) Labor Diagnostik Leipzig (Bactotype Detection 
Kit MAP milk test, Leipzig, Germany) – at present 
for research use only.

(3) ADIAPURE (Adiagene, Saint Brieuc, France) 
is specialized for mycobacterial DNA extraction 
from milk and is marketed for diagnostic use.

Other kits are also available on the market. 
However, these can only be used for the PCR re-
action itself. The manufacturer’s instructions only 
state that high quality DNA is required for the test 
and give no details concerning the principle of DNA 
isolation.

3.3.2.1. Immunomagnetic separation of MAP

In addition to centrifugation (Tables 8 and 9), the 
isolation of DNA (and MAP cells) from samples 
may be achieved through immunomagnetic separa-
tion (IMS; Table 10). 

The immunomagnetic separation (IMS) technique 
is useful for the specific isolation of mycobacteria 
from foodstuffs, clinical samples or excrement. 
The big advantage of this method is its ability to 
strongly concentrate mycobacteria in samples with 

low bacterial cell counts. This method involves a 
reversible interaction between target cells and an-
tibodies settled on magnetic particles. These com-
plexes (cell-antibody-particle) are easy to separate 
from the suspension by the application of a strong 
magnetic field (Grant et al., 1998).

The IMS procedure has proved to be very ef-
fective in separating a desired organism from a 
heterogeneous suspension of microorganisms, 
such as are found in milk samples and from sub-
stances in milk which could inhibit the PCR reac-
tion. Additionally, it also concurrently concentrates 
bacteria from larger sample volumes (Grant et al., 
1998; Metzger-Boddien et al., 2006).

An IMS protocol was developed to isolate MAP 
cells from milk by Grant et al. (1998) using com-
mercial Dynabeads coated with polyclonal rabbit 
anti-MAP Imunoglobin G antibodies. The poten-
tial value of this method is the rapid detection of 
MAP in milk when used in conjunction with an 
“end point” detection method. Table 10 shows that 
90% of strategies that aim to detect MAP after IMS 
are PCR assays, and that they all target the IS900 
specific element. This method is relatively new in 
comparison with culture and PCR techniques. The 

Table 9. PCR detection of Mycobacterium avium subsp. paratuberculosis in artificially contaminated cows’ milk

Type 
of milk

MAP  
(CFU/ml)

Samples PCR
Sensitivity or 
DL (CFU/ml)

Centrifugation
Reference

No. positive % type target volume 
(ml)

speed  
(× 1 000 g)

time 
(min)

Ra
w

5 × 101–2 × 103 6 4 66.7 single IS900 2 × 102–3 × 102 20 41 60 Millar et al. (1996)

106–10 nk nk nk single IS900 101 CFU/2 ml 10 8 10 Khare et al. (2004)

106–10 nk nk nk Q IS900 101 CFU/2 ml 10 8 10

Bu
lk

 ta
nk 100–108 24 10 50.0 single IS900 10–102 50 2c 30 Pillai and Jayarao 

(2002)

3 × 101 nk nk nk single IS900 1 50 3 30 Gao et al. (2007)

Pa
st

eu
ri

ze
d 101–105 nk nk nk single IS900 10–102 1 42 90 Odumeru et al. 

(2001)
107–105

 11 2 18.2 nested IS900 DL 102 1 18 90 Gao et al. (2002)

1 × 106–5 × 101 1 1 1.0 Q IS900 4 × 101 25 6 rpm 5 O´Mahony and 
Hill (2004)

Sk
im

m
ed

a

106–100 1 1 1.0 Qb dnaA 104 20 2 30 Rodriguez-Lazaro 
et al. (2004)

106–100 1 1 1.0 Q IS900 102 20 2 30 Rodriguez-Lazaro 
et al. (2005)

DL = detection limit; Q = quantitative Real-Time PCR; nk = not know; rpm = revolutions per minute; MAP = Mycobacterium 
avium subspecies paratuberculosis; CFU = colony forming unit
asemi-skimmed
bnucleic acid sequence-based amplification (NASBA)
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particles which are used for magnetic separation 
are commercially available. Home made particles 
were used in two cases only.

Mutual cross-reactivity between antibodies can 
cause problems in IMS. The production of polyclonal 
antibodies may also be an issue (unpublished data). 
On the other hand, the fact that MAP cells are not 
exposed to potentially damaging chemicals, as they 
are during traditional decontamination procedures, 
resulting in no effect on the physiological state of 
the cells, may be an advantage of IMS. Another in-
disputable advantage of the method is the fact that 
it incorporates dual protection of specificity which 
is guaranteed by the bound MAP-specific antibody 
and the use of MAP-specific primers (Grant et al., 
2000; Metzger-Boddien et al., 2006).

3.3.3. PCR

PCR is a rapid and sensitive method for the de-
tection of MAP in milk and other types of samples. 
At this time a number of different variants of the 
PCR assay have been described for the detection 
MAP in milk. Almost all PCR protocols target 

the IS900 insertion sequence, which has been ac-
cepted as a standard marker for MAP. However, 
analysis of the genomes of other environmental 
Mycobacterium species has revealed sequenc-
es that are highly homologous to MAP IS900 
(Englund et al., 2002). Therefore, other MAP-
specific genetic elements have to be evaluated to 
improve the reliability of PCR detection of MAP. 
To date alternative target elements such as single 
copy f57 and HspX elements and the ISMav2 ele-
ment present in three copies in the MAP genome 
have been found (Poupart et al., 1993; Ellingson 
et al., 1998; Strommenger et al., 2001). The detec-
tion of these elements may not provide for as high 
a sensitivity as the multicopy IS900 element, but 
they are less prone to generating false-positive 
results and are much more accurate for purposes 
of quantification.

From Table 8 it can be seen that considerable 
variations exist among the used PCR methods and 
that the same is true for culture examination. The 
analyzed volume of milk samples, conditions of 
centrifugation, the number of examined samples, 
and also the sensitivity and detection limit of the 
used PCR method differ from method to method. 

Table 10. Mycobacterium avium subsp. paratuberculosis detection in cows’ and goat milk by the PCR method after 
immunomagnetic separation

Examined milk Examined samples Methods
Detection limit Reference

Animal Type No. positive % isolation detection

Cow

raw1

244 19 7.8 nk IS900 PCR 101 CFU/50 ml Grant et al. (2002b)

389 50 12.9 nk IS900 PCR 100 CFU/50 ml O’Reilly et al. (2004)

423 23 5.5 home made PMC, MS (ISMav2) 5 × 102 CFU/ml Stratmann et al. 
(2006)

raw2
60 11 6.7 Dynabeads IS900 PCR nk Grant et al. (2002a)

243 25 10.3 home made Q IS900 PCR 5–101 CFU/ml Metzger-Boddien et 
al. (2006)

pasteurised1
567 67 11.8 nk IS900 PCR 101 CFU/50 ml Grant et al. (2002b)

357 35 9.8 nk IS900 PCR 100 CFU/50 ml O’Reilly et al. (2004)

pasteurised2 144 29 20.8 Dynabeads3 IS900 PCR nk Grant et al. (2002a)

Goat raw2
340 5 1.5 Dynabeads3 IS900 PCR 100 CFU/ml Djonne et al. (2003)

340 24 7.1 Dynabeads3 IS900 PCR 10–1 CFU/ml4

CFU = colony forming unit; PMC = peptide mediated capture; MS = magnetic separation; IS = insertion sequence; nk = not 
known; Q = quantitative Real-Time PCR
1bulk milk
2individual milk samples
3Dynal UK Ltd., Wirral, Merseyside, United Kingdom
4after the dot blot hybridisation
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A disadvantage of the PCR methods currently used 
for the detection of MAP in milk is the fact that they 
cannot distinguish between viable and nonviable 
bacteria in the analyzed samples.

3.3.3.1. Single PCR

Single PCR exclusively targets the IS900 element. 
For the assessment of the sensitivity of a developed 
technique, the artificial contamination of milk with 
a known amount of MAP cells detected by culture 
(“gold standard” of MAP detection) is carried out. 
After the obtaining of an acceptably high sensitivity, 
the developed PCR methods are applied (including 
the method of isolation) for the examination of real 
milk samples. It must be borne in mind that the 
analyzed volume of milk varies considerably (from 
1 ml to 50 ml). Accordingly, the correct explanation 
of the obtained results, including the dilution effect 
in bulk tank milk (BTM) or market milk, remains 
a challenge (Tables 8 and 9).

3.3.3.2. Nested PCR

The specific DNA sequence IS900 is also used as 
the target for MAP detection in this modification 
of PCR. In 2002, IS900-nested PCR was used to 
determine the specificity and sensitivity of a com-
mercial ELISA test (Stabel et al., 2002). This type 
of PCR was also used to establish MAP prevalence 
in BTM in Switzerland (Corti and Stephan, 2002). 
However, the nested PCR method is now being re-
placed by Real-Time PCR.

3.3.3.3 Real-Time PCR

The Real-Time PCR method is a novel modifica-
tion of single PCR. It differs from single PCR by its 
use of fluorescently labelled probes. This PCR assay 
monitors the fluorescence emitted during the reac-
tion as an indicator of amplicon production during 
each PCR cycle (i.e., in Real-Time as opposed to 
endpoint detection). The signal increases in direct 
proportion to the amount of PCR product in a reac-
tion. By recording the amount of fluorescent emis-
sion at each cycle, it is possible to monitor the PCR 
reaction during the exponential phase when the first 
significant increase in the amount of PCR product 
correlates to the initial amount of target template.

This method has been used for MAP detection 
in milk since 2002 (Khare et al., 2004; O’Mahony 
and Hill, 2002, 2004). The “classic” detection target 
IS900 is also used as a template for Real-Time PCR, 
but it is evident that this detection target is not suit-
able for accurate quantification. On the other hand, 
this detection target is particularly suited to and 
sensitive for the detection of very low numbers of 
MAP cells; this is possible because of the multiple 
copies of the gene present in the MAP genome. For 
the accurate quantification of MAP cells in sam-
ples, single copy genes (e.g., f57; Table 8) are used 
in Real-Time PCR.

4. Presence of MAP in milk and milk 
products

Several studies provide evidence that MAP is se-
creted into the milk of a proportion of cattle clinical-
ly and sub-clinically infected with MAP. Detectable 
quantities of MAP have previously been reported 
in the milk of clinically infected (Taylor et al., 1981; 
Giese and Ahrens, 2000) and sub-clinically infected 
(Sweeney et al., 1992; Streeter et al., 1995) cattle.

Colostrum and milk are good sampling materials 
for the isolation of MAP from infected dairy cattle, 
but some practical matters should be considered 
before the collecting of samples. Firstly, the udder 
must be washed and dried in order to decrease the 
risk of environmental contamination. It is neces-
sary to collect milk from each teat or from bulk tank 
milk and to immediately chill to 4°C. The samples 
should be transported to the laboratory without 
delay and for best results should be analyzed im-
mediately. If a milk sample is not analyzed imme-
diately after it is taken, it can be frozen at –70°C, 
but this is not preferable.

4.1. Colostrum

Colostrum is an important source of nutrients 
and an immediate source of passively absorbed ma-
ternal antibodies, which are critical to the protec-
tion of the newborn calf against infectious diseases 
in the first weeks and months of life. However, co-
lostrum can also represent one of the earliest po-
tential exposures of dairy calves to infectious agents 
like MAP (Chiodini et al., 1984). For example, MAP 
has been recovered from the colostrum of 22.2% of 
clinically normal but MAP infected cows (36% of 
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heavy fecal shedders; 16% of light fecal shedders; 
Streeter et al., 1995).

MAP has also been detected in milk and su-
pramammary lymph nodes from asymptomat-
ic MAP infected cows at the time of slaughter 
(Sweeney et al., 1992). MAP was found in 27% of 
lymph nodes in marked contrast to examined milk, 
which was positive by culture only in 11.6% of ani-
mals. The authors concluded that the serological 
ELISA status was not useful for predicting infection 
and that the shedding of MAP is lower in the milk 
of asymptomatic infected cows than that of clini-
cally ill cows. These results were confirmed in the 
colostrum and milk of cows subclinically infected 
with MAP (Streeter et al., 1995).

4.2. Unpasteurized milk

Nowadays, consumers can buy unpasteurized 
milk and dairy products made from this milk only 
from private small-scale producers and from grass-
land farmers. The examination of unpasteurized 
milk for the presence of MAP is now only per-
formed for experimental purposes. Legislation re-
lated to milk quality does not require that milk be 
completely free of MAP.

4.3. Pasteurized milk

The first commercial pasteuriser was built in 
Germany in 1882. To begin with the commercial 
pasteurization of milk was not generally accepted, 
but many companies adopted the practice in secret. 
The first legislation on pasteurized milk was passed 
in 1924 and defined pasteurization as a heating 
process of not less than 61.1°C for 30 min in ap-
proved equipment (“holder method”). Although 
the “holder method” has previously been the most 
widely used, this technique has now in large part 
been superseded by high-temperature short-time 
(HSTS) pasteurization methods. The standard of 
71.1°C for 15 s was agreed upon after the evalu-
ation of HSTS treatment on the creaming ability 
of milk, practical experience and numerous other 
considerations (Holsinger et al., 1997).

Studies published in the scientific literature con-
cerning the ability of MAP to survive heat treat-
ment report varied findings. McDonald et al. (2005) 
found that pasteurization performed at different 
temperatures and for different times was very ef-

fective in MAP devitalisation, resulting in a greater 
than 6 log10 and 4 log10 reduction in all 85% and 
14% of pasteurized samples, respectively. Whilst 
in Ireland, O’Doherty et al. (2002) found that all 
396 samples of pasteurized milk examined were 
negative; the occasional occurrence of viable cells 
has been reported in other studies (Grant et al., 
2001). Millar et al. (1996) noted the presence of 
MAP DNA in pasteurized milk from a small-scale 
production unit in England and Wales, detected 
by the PCR method. The survival of MAP was 
also demonstrated in a study of 827 pasteurized 
milk samples from 241 dairies in England, Wales, 
Northern Ireland and Scotland over a 17-month 
period (Grant et al., 2002a).

In the study of Grant et al. (2005) MAP was iso-
lated from milk samples (12 out of 27) after heat 
treatment at 72.5°C, i.e., a temperature close to the 
minimum pasteurization temperature specified 
by the legislation or from non-homogenized milk 
(13 out of 27). It is therefore clear that standard 
pasteurization temperature and time fail to une-
quivocally guarantee the full inactivation of MAP. 
The number of positive findings decreased with 
increasing temperature, but MAP was also detected 
in milk treated by temperature of 82.5°C with a 
longer dwell time and upstream homogenisation.

MAP survival is likewise associated with the ini-
tial number of cells in raw milk. MAP has also been 
detected after HTST, if more than 105 CFU/ml/milk 
were present in milk (Gao et al., 2002; Grant et al., 
2002b). With regard to the fact that MAP cells may 
clump together in milk, pasteurization combined 
with homogenization is much more efficient than 
pasteurisation alone as documented by Grant et al. 
(2005). The survival of cells in clusters after pas-
teurization has been confirmed by the studies of 
Keswani and Frank (1998), Sung and Collins (1998) 
and Hammer et al. (2002). Heat treatment with con-
current homogenization applied either as a sepa-
rate process (upstream – usually performed after 
the second regeneration, after centrifugation and 
standardization unit) or in the dwell zone (entry 
to the dwell zone) resulted in a significantly lower 
number of positive samples than pasteurization 
without homogenization (P < 0.001 for homog-
enization in the dwell zone, P < 0.05 for upstream 
homogenization) (Grant et al., 2005).

It has been shown that viable MAP can be detect-
ed even after application of different levels of pres-
sure in conjunction with pasteurization (Donaghy 
et al., 2007).
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4.4. Powdered milk

Powdered milk (coffee creamer, whole milk powder, 
half-fat milk, skimmed milk, baby food – sunar, etc.) 
can also become a source of MAP infection. The only 
study dealing with this potential source of infection 
was performed in 2004, a year in which an increasing 
incidence of Crohn’s disease in children was observed 
prompting the authors to investigate the phenom-
enon. Samples of dried milk baby food products, 
originating from ten European countries, available 
on the Czech market, were tested. The occurrence 
of MAP in baby food products from all ten European 
countries was confirmed (Hruska et al., 2005).

4.5. MAP in cheese

Two methods are used to ensure the safe production 
of cheeses: either pasteurization of milk or holding 
the finished cheese for at least 60 days at a tempera-
ture of 2°C (curing). The two most important factors 
contributing to the inactivation of bacterial pathogens 
during the 60-day curing process are low pH and high 
salt concentration (Spahr and Schafroth, 2001).

The culture method is used for MAP detection 
in cheese. Cheese produced in a laboratory is arti-
ficially contaminated and the relationship between 
MAP survival and time is detected by culture. In 
such studies, heat treated or non-heat treated milk 
is used and three standard types of cheese are pro-
duced: soft, semi hard and hard. In 2005 and 2006, 
some studies appeared which also used PCR for 
detection, besides the above mentioned culture 
method. The IS900 and hspX genetic elements were 
used as the detection targets (Table 2).

In the above mentioned cases MAP was detected 
in cheese available on the market (Ikonomopoulos 
et al., 2005; Clark, Jr. et al., 2006). Both studies doc-
umented that higher detection rates of MAP can 
be obtained by PCR than by culture. Nevertheless, 
PCR does not provide information about the vi-
ability of MAP cells. The screening of cheese found 
detectable quantities of MAP DNA. MAP detection 
rates obtained by means of PCR in Greece, CZ and 
USA were 50%, 12% and 5%, respectively.

4.6. MAP in milk – legislative regulations

According to the legislation of the Czech Republic 
(Act No. 166/1999 Coll. on veterinary care and 

amendments of some related acts), milk and prod-
ucts made from this milk can be released onto the 
market after treatment performed in dairy plants. 
Non-heat treated raw milk and milk products can 
be sold with the consent of the Regional Veterinary 
Administration directly to consumers in the place 
of production, provided that the milk originates 
from healthy animals and herds free of dangerous 
infections, to which the animals may be susceptible. 
The sellers of raw milk or products made from this 
milk are obliged to have it tested in a laboratory 
at least once every 6 months. However, legislation 
currently in force in the Czech Republic does not 
require that milk be free from MAP. Consequently, 
milk from herds with a certified outbreak of paratu-
berculosis can be delivered to dairy processing 
plants.

According to European Union legislation (Ano- 
nymous, 2004b) as amended by Anonymous (2006), 
the managers of food processing plants, when con-
sidering whether to subject raw milk and colostrum 
to heat treatment, must take into account proce-
dures developed in accordance with the principles 
of Hazard Analysis and Critical Control Points 
(HACCP) according to Anonymous (2004a). Heat 
treatment of raw milk or colostrum must meet the 
following specifications: pasteurization must be 
performed using high temperature treatment for a 
short time (at least 72°C for 15 s) or low tempera-
ture for a long time (at least 63°C for a period of 
30 min) or any other combination of time and tem-
perature leading to an equivalent effect. The ultra 
high temperature (UHT) treatment is, according to 
Anonymous (2006), a continuous flow of heating 
medium for a short time (at least 135°C in combina-
tion with an adequate dwell time). Accordingly, the 
EU legislation does not ban the sale of milk from 
herds with the occurrence of paratuberculosis; the 
testing of milk for the presence of the causative 
agent of paratuberculosis is not required by law al-
though recently, some states have adopted national 
control and certification programmes.

5. Conclusions

The presented tables show that the detection of 
MAP in milk has been reported from countries on 
the European continent, Argentina, the UK and 
Australia. Due to the fact that detection methods 
are still under development and that the movement 
of infected animals between farms and different 
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countries is not controlled, MAP has been detected 
in growing numbers of cattle herds and countries 
worldwide.

In the past decades several methods for the detec-
tion, isolation and identification of MAP in milk 
have been described. The preparation of samples 
for analysis is a basic and critical step in MAP de-
tection. A basic procedure for the detection of MAP 
in milk includes centrifugation to collect the pel-
let fraction, chemical decontamination, and subse-
quent processing of samples by a detection method 
(cultivation, PCR etc.). The most often used meth-
od of MAP detection is culture. The second most 
frequent method of MAP detection in milk is PCR 
(single, nested, Real-Time PCR). Methods of visual 
detection of MAP such as bioluminescence and in-
direct MAP detection method – ELISA/MELISA 
have been used in a few cases.

Recent studies suggest that MAP may survive 
the pasteurization of milk and have led to an in-
crease in the testing of milk and milk products for 
the presence of this organism (Grant, 2006). Milk 
constitutes the primary means of transmission of 
paratuberculosis infection from cow to calf (mother 
to offspring). On the other hand milk forms a sig-
nificant element of the diet of many children and 
adults. As most milk is consumed after pasteuri-
zation, the focus has been on the identification of 
MAP in raw milk and pasteurized milk and in milk 
products (Grant et al., 2005).

Published studies document the detection of 
MAP in colostrum, non-pasteurized and pasteur-
ized milk, baby milk powder and all types of cheese. 
Nevertheless, other dairy products which are not 
mentioned in the present study such as sour milk 
products or creamers have not yet been tested. 
However, the occurrence of some life forms of MAP 
can also be expected in these matrices. Generally, 
the detection of any organism from these matrices 
depends upon a good isolation method. The sen-
sitivity and detection rate will increase with the 
further development of the detection and isolation 
methods of MAP in these matrices.

All the above mentioned products have cow’s 
milk as their major constituent. However, poten-
tial MAP contamination of milk from other rumi-
nant species remains to be elucidated. In sheep and 
goats, MAP was detected by means of IS900 PCR 
in 23% of bulk tank milk samples from 403 differ-
ent farms throughout Switzerland in the year 2003 
(Muehlherr et al., 2003). The first report of isola-
tion of cultivable MAP from goat’s milk originated 

from India (Singh and Vihan, 2004). Hence, it is 
evident that paratuberculosis also occurs in herds 
of these animals.

According to the experience from some infected 
herds, bringing a disease under control takes sev-
eral years and is very expensive (Pavlik et al., 2000; 
Hasonova and Pavlik, 2006). Dairy cattle breed-
ers should therefore go to great lengths to protect 
their herds from infection with paratuberculosis. 
Certification programs may be a reasonable solu-
tion to the problem. They may decrease the dis-
tribution of infected animals within a state and 
among states worldwide. Regarding food safety, 
it should also be guaranteed that milk and dairy 
products are free of MAP. These measures could 
significantly decrease the potential occurrence of 
Crohn’s disease in groups of people at risk. At high 
risk are above all children, the next of kin of pa-
tients suffering from Crohn’s disease and immuno-
compromised patients. Certification programmes 
will not eradicate paratuberculosis. However, they 
may considerably contribute to a reduction in the 
presence of the infectious agent in foodstuffs of 
animal origin from certified herds.

Acknowledgement

We would like to thank to Neysan Donnelly 
(Aberdeen University, Scotland) for the critical 
grammatical checking of the article.

REFERENCES

Alexejeff-Goloff N.A. (1935): Journal of Comparative 
Pathology, 48, 81.

Altic L.C., Rowe M.T., Grant I.R. (2007): UV Light inac-
tivation of Mycobacterium avium subsp. paratuber-
culosis in milk as assessed by FASTPlaqueTB phage 
assay and culture. Applied and Environmental Micro-
biology, 73, 3728–3733.

Anonymous (2004a): Council Regulation (EC) No. 
852/2004 of the European Parliament and of the Coun-
cil of 29 April 2004 on the hygiene of foodstuffs. OJ L 
139, 30.4.2004, p. 1–54.

Anonymous (2004b): Council Regulation (EC) No. 853/2004 
of the European Parliament and of the Council of 29 April 
2004 laying down specific hygiene rules for food of ani-
mal origin. OJ L 139, 30.4.2004, p. 55–205.

Anonymous (2006): Council Regulation (EC) No. 
1662/2006 of 6 November 2006 amending Regulation 



Veterinarni Medicina, 53, 2008 (6): 283–306	 Review Article

301

(EC) No 853/2004 of the European Parliament and of 
the Council laying down specific hygiene rules for food 
of animal origin. OJ L 320, 18.11.2006, p. 1–10.

Ayele W.Y., Bartos M., Svastova P., Pavlik I. (2004): Distri-
bution of Mycobacterium avium subsp. paratuberculosis 
in organs of naturally infected bull-calves and breeding 
bulls. Veterinary Microbiology, 103, 209–217.

Ayele W.Y., Svastova P., Roubal P., Bartos M., Pavlik I. 
(2005): Mycobacterium avium subspecies paratuber-
culosis cultured from locally and commercially pas-
teurized cow’s milk in the Czech Republic. Applied 
and Environmental Microbiology, 71, 1210–1214.

Bendixen P.H., Bloch B., Jorgensen J.B. (1981): Lack of 
intracellular degradation of Mycobacterium paratu-
berculosis by bovine macrophages infected in vitro and 
in vivo: light microscopic and electron microscopic 
observations. American Journal of Veterinary Re-
search, 42, 109–113.

Bosshard C., Stephan R., Tasara T. (2006): Application 
of an F57 sequence-based real-time PCR assay for 
Mycobacterium paratuberculosis detection in bulk 
tank raw milk and slaughtered healthy dairy cows. 
Journal of Food Protection, 69, 1662–1667.

Chiodini R.J., Vankruiningen H.J. (1986): The prevalence 
of paratuberculosis in culled New-England cattle. Cor-
nell Veterinarian, 76, 91–104.

Chiodini R.J., Vankruiningen H.J., Merkal R.S. (1984): 
Ruminant paratuberculosis (Johnes disease) – the cur-
rent status and future-prospects. Cornell Veterinarian, 
74, 218–262.

Cho M., Yoon J. (2007): The application of bioluminescence 
assay with culturing for evaluating quantitative disinfec-
tion performance. Water Research, 41, 741–746.

Clark D.L. Jr., Anderson J.L., Koziczkowski J.J., Ellingson 
J.L. (2006): Detection of Mycobacterium avium subspe-
cies paratuberculosis genetic components in retail 
cheese curds purchased in Wisconsin and Minnesota 
by PCR. Molecular and Cellular Probes, 20, 197–202.

Collins M.T., Wells S.J., Petrini K.R., Collins J.E., Schultz 
R.D., Whitlock R.H. (2005): Evaluation of five antibody 
detection tests for diagnosis of bovine paratuberculo-
sis. Clinical and Diagnostic Laboratory Immunology, 
12, 685–692.

Corti S., Stephan R. (2002): Detection of Mycobacterium 
avium subspecies paratuberculosis specific IS900 in-
sertion sequences in bulk-tank milk samples obtained 
from different regions throughout Switzerland. BMC. 
Microbiology, 2, 15.

D’Haese E., Dumon I., Werbrouck H., De J.V., Herman 
L. (2005): Improved detection of Mycobacterium 
paratuberculosis in milk. The Journal of Dairy Re-
search, 72, Spec No., 125–128.

Djonne B., Jensen M.R., Grant I.R., Holstad G. (2003): 
Detection by immunomagnetic PCR of Mycobacterium 
avium subsp. paratuberculosis in milk from dairy goats 
in Norway. Veterinary Microbiology, 92, 135–143.

Donaghy J.A., Linton M., Patterson M.F., Rowe M.T. 
(2007): Effect of high pressure and pasteurization on 
Mycobacterium avium ssp. paratuberculosis in milk. 
Letters in Applied Microbiology, 45, 154–159.

Dundee L., Grant I.R., Ball H.J., Rowe M.T. (2001): Com-
parative evaluation of four decontamination protocols 
for the isolation of Mycobacterium avium subsp. 
paratuberculosis from milk. Letters in Applied Micro-
biology, 33, 173–177.

Ellingson J.L.E., Bolin C.A., Stabel J.R. (1998): Identification 
of a gene unique to Mycobacterium avium subspecies 
paratuberculosis and application to diagnosis of paratu-
berculosis. Molecular and Cellular Probes, 12, 133–142.

Ellingson J.L., Anderson J.L., Koziczkowski J.J., Radcliff 
R.P., Sloan S.J., Allen S.E., Sullivan N.M. (2005): Detec-
tion of viable Mycobacterium avium subsp. paratu-
berculosis in retail pasteurized whole milk by two 
culture methods and PCR. Journal of Food Protection, 
68, 966–972.

Englund S., Bolske G., Johansson K.E. (2002): An IS900-
like sequence found in a Mycobacterium sp. other than 
Mycobacterium avium subsp. paratuberculosis. FEMS 
Microbiology Letters, 209, 267–271.

Gao A., Mutharia L., Chen S., Rahn K., Odumeru J. 
(2002): Effect of pasteurization on survival of Myco-
bacterium paratuberculosis in milk. Journal of Dairy 
Science, 85, 3198–3205.

Gao A., Odumeru J., Raymond M., Mutharia L. (2005): 
Development of improved method for isolation of My-
cobacterium avium subsp. paratuberculosis from bulk 
tank milk: effect of age of milk, centrifugation, and 
decontamination. Canadian Journal of Veterinary Re-
search, 69, 81–87.

Gao A., Mutharia L., Raymond M., Odumeru J. (2007): 
Improved template DNA preparation procedure for 
detection of Mycobacterium avium subsp. paratuber-
culosis in milk by PCR. Journal of Microbiological 
Methods, 69, 417–420.

Geue L., Kohler H., Klawonn W., Drager K., Hess R.G., 
Conraths F.J. (2007): The suitability of ELISA for the 
detection of antibodies against Mycobacterium avium 
ssp. paratuberculosis in bulk milk samples from Rhine-
land-Palatinate (in German). Berliner and Munchenen 
Tierarztliche Wochenschrift, 120, 67–78.

Giese S.B., Ahrens P. (2000): Detection of Mycobacterium 
avium subsp. paratuberculosis in milk from clinically 
affected cows by PCR and culture. Veterinary Micro-
biology, 77, 291–297.



Review Article	 Veterinarni Medicina, 53, 2008 (6): 283–306

302

Gilmour N.J.L. (1976): Pathogenesis, diagnosis and control 
of Johnes disease. Veterinary Record, 99, 433–434.

Gilmour, N.J.L. (1985): Mycobacterium paratuberculosis. 
In: Meissner G. (ed.): Handbuch der bakteriellen In-
fektionen bei Tieren (in German). Band V. VEB Gustav 
Fischer Verlag, Jena. 281–313.

Grant I.R. (2006): Mycobacterium avium ssp paratuber-
culosis in foods: current evidence and potential con-
sequences. International Journal of Dairy Technology, 
59, 112–117.

Grant I.R., Rowe M.T. (2004): Effect of chemical decon-
tamination and refrigerated storage on the isolation 
of Mycobacterium avium subsp. paratuberculosis from 
heat-treated milk. Letters in Applied Microbiology, 
38, 283–288.

Grant I.R., Ball H.J., Rowe M.T. (1998): Isolation of My-
cobacterium paratuberculosis from milk by immu-
nomagnetic separation. Applied and Environmental 
Microbiology, 64, 3153–3158.

Grant I.R., Pope C.M., O’Riordan L.M., Ball H.J., Rowe 
M.T. (2000): Improved detection of Mycobacterium 
avium subsp. paratuberculosis in milk by immunomag-
netic PCR. Veterinary Microbiology, 77, 369–378.

Grant I.R., Rowe M.T., Dundee L., Hitchings E. (2001): 
Mycobacterium avium ssp. paratuberculosis: its inci-
dence, heat resistance and detection in milk and dairy 
products. International Journal of Dairy Technology, 
54, 2–13.

Grant I.R., Ball H.J., Rowe M.T. (2002a): Incidence of My-
cobacterium paratuberculosis in bulk raw and commer-
cially pasteurized cows’ milk from approved dairy 
processing establishments in the United Kingdom. Ap-
plied and Environmental Microbiology, 68, 2428–2435.

Grant I.R., Hitchings E.I., McCartney A., Ferguson F., 
Rowe M.T. (2002b): Effect of commercial-scale high-
temperature, short-time pasteurization on the viabil-
ity of Mycobacterium paratuberculosis in naturally 
infected cows’ milk. Applied and Environmental 
Microbiology, 68, 602–607.

Grant I.R., Kirk R.B., Hitchings E., Rowe M.T. (2003): 
Comparative evaluation of the MGIT and BACTEC 
culture systems for the recovery of Mycobacterium 
avium subsp. paratuberculosis from milk. Journal of 
Applied Microbiology, 95, 196–201.

Grant I.R., Williams A.G., Rowe M.T., Muir D.D. (2005): 
Efficacy of various pasteurization time-temperature 
conditions in combination with homogenization on 
inactivation of Mycobacterium avium subsp. paratu-
berculosis in milk. Applied and Environmental Micro-
biology, 71, 2853–2861.

Green E.P., Tizard M.L., Moss M.T., Thompson J., Win-
terbourne D.J., McFadden J.J., Hermon-Taylor J. (1989): 

Sequence and characteristics of IS900, an insertion 
element identified in a human Crohn’s disease isolate 
of Mycobacterium paratuberculosis. Nucleic Acids 
Research, 17, 9063–9073.

Gumber S., Eamens G., Whittington R.J. (2006): Evalu-
ation of a Pourquier ELISA kit in relation to agar gel 
immunodiffusion (AGID) test for assessment of the 
humoral immune response in sheep and goats with 
and without Mycobacterium paratuberculosis infec-
tion. Veterinary Microbiology, 115, 91–101.

Gupta U.D., Katoch K., Natarajan M., Sharma V.D., 
Sharma R.K., Shivannavar C.T., Katoch V.M. (1997): 
Viability determination of M.leprae: comparison of 
normal mouse foot pad and bacillary ATP biolumi-
nescence assay. Acta Leprologica, 10, 209–212.

Hammer P., Wiesner C., Walte H.-G., Knappstein K., 
Teufel P. (2002): Heat resistance of Mycobacterium 
avium subsp. paratuberculosis in raw milk tested in 
pilot plant pasteuriser. Kieler Milchwirtschaftlich, 54, 
275–303.

Hardin L.E., Thorne J.G. (1996): Comparison of milk 
with serum ELISA for the detection of paratubercu-
losis in dairy cows. Journal of the American Veterinary 
Medical Association, 209, 120–122.

Harris N.B., Barletta R.G. (2001): Mycobacterium avium 
subsp. paratuberculosis in Veterinary Medicine. Clin-
ical Microbiology Reviews, 14, 489–512.

Hasonova L., Pavlik I. (2006): Economic impact of 
paratuberculosis in dairy cattle herds: a review. Vet-
erinarni Medicina, 51 (5), 193–211. http://www.vri.
cz/docs/vetmed/51-5-193.pdf

Hendrick S., Duffield T., Leslie K., Lissemore K., Ar-
chambault M., Kelton D. (2005a): The prevalence of 
milk and serum antibodies to Mycobacterium avium 
subspecies paratuberculosis in dairy herds in Ontario. 
Canadian Veterinary Journal-Revue Veterinaire Ca-
nadienne, 46, 1126–1129.

Hendrick S.H., Duffield T.F., Kelton D.F., Leslie K.E., Lisse-
more K.D., Archambault M. (2005b): Evaluation of en-
zyme-linked immunosorbent assays performed on milk 
and serum samples for detection of paratuberculosis in 
lactating dairy cows. Journal of the American Veterinary 
Medical Association, 226, 424–428.

Hendrick S.H., Duffield T.F., Leslie K.E., Lissemore K.
D., Archambault M., Bagg R., Dick P., Kelton D.F. 
(2006): Monensin might protect Ontario, Canada dairy 
cows from paratuberculosis milk-ELISA positivity. 
Preventive Veterinary Medicine, 76, 237–248.

Hermon-Taylor J., Bull T. (2002): Crohn’s disease caused 
by Mycobacterium avium subspecies paratuberculosis: 
a public health tragedy whose resolution is long over-
due. Journal of Medical Microbiology, 51, 3–6.



Veterinarni Medicina, 53, 2008 (6): 283–306	 Review Article

303

Hole N.H. (1958): Johne’s disease. Advances in Veteri-
nary Science, 4, 341–387.

Holsinger V.H., Rajkowski K.T., Stabel J.R. (1997): Milk 
pasteurization and safety: a brief history and update. 
Revue Scientifique et Technique, 16, 441–451.

Hruska K., Bartos M., Kralik P., Pavlik I. (2005): Myco-
bacterium avium subsp paratuberculosis in powdered 
infant milk: paratuberculosis in cattle – the public 
health problem to be solved. Veterinarni Medicina, 
50, 327–335. http://www.vri.cz/docs/vetmed/50-8-
327.pdf

Ikonomopoulos J., Pavlik I., Bartos M., Svastova P., Ayele 
W.Y., Roubal P., Lukas J., Cook N., Gazouli M. (2005): 
Detection of Mycobacterium avium subsp. paratuber-
culosis in retail cheeses from Greece and the Czech 
Republic. Applied and Environmental Microbiology, 
71, 8934–8936.

Jawhara S., Mordon S. (2004): In vivo imaging of biolumi-
nescent Escherichia coli in a cutaneous wound infection 
model for evaluation of an antibiotic therapy. Antimi-
crobial Agents and Chemotherapy, 48, 3436–3441.

Jayarao B.M., Pillai S.R., Wolfgang D.R., Griswold D.R., 
Rossiter C.A., Tewari D., Burns C.M., Hutchinson L.J. 
(2004): Evaluation of IS900-PCR assay for detection 
of Mycobacterium avium subspecies paratuberculosis 
infection in cattle using quarter milk and bulk tank 
milk samples. Foodborne Pathogens and Disease, 1, 
17–26.

Jorgensen J.B., Jensen P.T. (1978): Enzyme-linked im-
munosorbent assay (ELISA) for detection of antibod-
ies to Mycobacterium paratuberculosis in cattle. Acta 
Veterinaria Scandinavica, 19, 310–312.

Keswani J., Frank J.F. (1998): Thermal inactivation of 
Mycobacterium paratuberculosis in milk. Journal of 
Food Protection, 61, 974–978.

Khare S., Ficht T.A., Santos R.L., Romano J., Ficht A.R., 
Zhang S., Grant I.R., Libal M., Hunter D., Adams L.G. 
(2004): Rapid and sensitive detection of Mycobacte-
rium avium subsp. paratuberculosis in bovine milk 
and feces by a combination of immunomagnetic bead 
separation-conventional PCR and real-time PCR. 
Journal of Clinical Microbiology, 42, 1075–1081.

Klausen J., Huda A., Ekeroth L., Ahrens P. (2003): Eval-
uation of serum and milk ELISAs for paratuberculosis 
in Danish dairy cattle. Preventive Veterinary Medicine, 
58, 171–178.

Koenig G.J., Hoffsis G.F., Shulaw W.P., Bech-Nielsen S., 
Rings D.M., St Jean G. (1993): Isolation of Mycobac-
terium paratuberculosis from mononuclear cells in 
tissues, blood, and mammary glands of cows with ad-
vanced paratuberculosis. American Journal of Vet-
erinary Research, 54, 1441–1445.

Larsen A.B., Vardaman T.H., Merkal R.S. (1963): An ex-
tended study of a herd of cattle naturally infected with 
Johnes disease. 2. Significance of complement-fixation 
test. American Journal of Veterinary Research, 24, 
948.

Li L.L., Bannantine J.P., Zhang Q., Amonsin A., May B.
J., Alt D., Banerji N., Kanjilal S., Kapur V. (2005): The 
complete genome sequence of Mycobacterium avium 
subspecies paratuberculosis. Proceedings of the Na-
tional Academy of Sciences of the United States of 
America, 102, 12344–12349.

Lombard J.E., Byrem T.M., Wagner B.A., McCluskey B.J. 
(2006a): Comparison of milk and serum enzyme-linked 
immunosorbent assays for diagnosis of Mycobacterium 
avium subspecies paratuberculosis infection in dairy 
cattle. Journal of Veterinary Diagnostic Investigation, 
18, 448–458.

Lombard J.E., Wagner B.A., Smith R.L., McCluskey B.J., 
Harris B.N., Payeur J.B., Garry F.B., Salman M.D. 
(2006b): Evaluation of environmental sampling and 
culture to determine Mycobacterium avium subspecies 
paratuberculosis distribution and herd infection status 
on US dairy operations. Journal of Dairy Science, 89, 
4163–4171.

Martin-Casabona N., Xairo M.D., Gonzalez T., Rossello 
J., Arcalis L. (1997): Rapid method for testing suscep-
tibility of Mycobacterium tuberculosis by using DNA 
probes. Journal of Clinical Microbiology, 35, 2521–
2525.

McDonald W.L., O’Riley K.J., Schroen C.J., Condron R.J. 
(2005): Heat inactivation of Mycobacterium avium 
subsp. paratuberculosis in milk. Applied and Environ-
mental Microbiology, 71, 1785–1789.

Metzger-Boddien C., Khaschabi D., Schonbauer M., 
Boddien S., Schlederer T., Kehle J. (2006): Automated 
high-throughput immunomagnetic separation-PCR 
for detection of Mycobacterium avium subsp. paratu-
berculosis in bovine milk. International Journal of 
Food Microbiology, 110, 201–208.

Millar D., Ford J., Sanderson J., Withey S., Tizard M., 
Doran T., Hermon-Taylor J. (1996): IS900 PCR to de-
tect Mycobacterium paratuberculosis in retail supplies 
of whole pasteurized cows’ milk in England and Wales. 
Applied and Environmental Microbiology, 62, 3446–
3452.

Muehlherr J.E., Zweifel C., Corti S., Blanco J.E., Stephan 
R. (2003): Microbiological quality of raw goat’s and 
ewe’s bulk-tank milk in Switzerland. Journal of Dairy 
Science, 86, 3849–3856.

Muhammed S.I., Eliasson E.C. (1979): Prevalence of an-
tibodies to Mycobacterium johnei in colostrum de-
prived lambs. Veterinary Record, 105, 11–12.



Review Article	 Veterinarni Medicina, 53, 2008 (6): 283–306

304

Naser S.A., Schwartz D., Shafran I. (2000): Isolation of 
Mycobacterium avium subsp paratuberculosis from 
breast milk of Crohn’s disease patients. The American 
Journal of Gastroenterology, 95, 1094–1095.

Nielsen S.S., Ersboll A.K. (2006): Age at occurrence of 
Mycobacterium avium subspecies paratuberculosis in 
naturally infected dairy cows. Journal of Dairy Science, 
89, 4557–4566.

Nielsen S.S., Thamsborg S.M., Houe H., Bitsch V. (2000): 
Bulk-tank milk ELISA antibodies for estimating the 
prevalence of paratuberculosis in Danish dairy herds. 
Preventive Veterinary Medicine, 44, 1–7.

Nielsen S.S., Grohn Y.T., Enevoldsen C. (2002): Variation 
of the milk antibody response to paratuberculosis in 
naturally infected dairy cows. Journal of Dairy Science, 
85, 2795–2802.

O’Doherty A., O’Grady D., Smith T., Egan J. (2002): My-
cobacterium avium subsp paratuberculosis in pasteur-
ized and unpasteurized milk in the Republic of Ireland. 
Irish Journal of Agricultural and Food Research, 41, 
117–121.

Odumeru J., Gao A., Chen S., Raymond M., Mutharia L. 
(2001): Use of the bead beater for preparation of My-
cobacterium paratuberculosis template DNA in milk. 
Canadian Journal of Veterinary Research, 65, 201–
205.

O’Mahony J., Hill C. (2002): A real time PCR assay for 
the detection and quantitation of Mycobacterium 
avium subsp. paratuberculosis using SYBR Green and 
the Light Cycler. Journal of Microbiological Methods, 
51, 283–293.

O’Mahony J., Hill C. (2004): Rapid real-time PCR assay 
for detection and quantitation of Mycobacterium 
avium subsp. paratuberculosis DNA in artificially con-
taminated milk. Applied and Environmental Microbi-
ology, 70, 4561–4568.

O’Reilly C.E., O’Connor L., Anderson W., Harvey P., 
Grant I.R., Donaghy J., Rowe M., O’Mahony P. (2004): 
Surveillance of bulk raw and commercially pasteurized 
cows’ milk from approved Irish liquid-milk pasteuriza-
tion plants to determine the incidence of Mycobacte-
rium paratuberculosis. Applied and Environmental 
Microbiology, 70, 5138–5144.

Paolicchi F.A., Zumarraga M.J., Gioffre A., Zamorano 
P., Morsella C., Verna A., Cataldi A., Alito A., Romano 
M. (2003): Application of different methods for the 
diagnosis of paratuberculosis in a dairy cattle herd in 
Argentina. Journal of Veterinary Medicine Series B-
Infectious Diseases and Veterinary Public Health, 50, 
20–26.

Pavlik I., Rozsypalova Z., Vesely T., Bartl J., Matlova L., 
Vrbas V., Valent L., Rajsky D., Mracko I., Hirko M., 

Miskovic P. (2000): Control of paratuberculosis in five 
cattle farms by serological tests and faecal culture dur-
ing the period 1990–1999. Veterinarni Medicina, 45, 
61–70.

Pearce L.E., Truong H.T., Crawford R.A., Yates G.F., Ca-
vaignac S., de Lisle G.W. (2001): Effect of turbulent-
flow pasteurization on survival of Mycobacterium 
avium subsp. paratuberculosis added to raw milk. Ap-
plied and Environmental Microbiology, 67, 3964–
3969.

Pillai S.R., Jayarao B.M. (2002): Application of IS900 PCR 
for detection of Mycobacterium avium subsp. paratu-
berculosis directly from raw milk. Journal of Dairy 
Science, 85, 1052–1057.

Pinedo P.J., Rae D.O., Williams J.E., Donovan G.A., Me-
lendez P., Buergelt C.D. (2008): Association among 
results of serum ELISA, faecal culture and nested PCR 
on milk, blood and faeces for the detection of paratu-
berculosis in dairy cows. Transboundary Emerging 
Diseases, 55, 125–133.

Poupart P., Coene M., Van Heuverswyn H., Cocito C. 
(1993): Preparation of a specific RNA probe for detec-
tion of Mycobacterium paratuberculosis and diagnosis 
of Johne’s disease. Journal of Clinical Microbiology, 
31, 1601–1605.

Rademaker J.L., Vissers M.M., Te Giffel M.C. (2007): Ef-
fective heat inactivation of Mycobacterium avium 
subsp. paratuberculosis in raw milk contaminated with 
naturally infected feces. Applied and Environmental 
Microbiology, 73, 4185–4190.

Richards W.D. (1990): A new, inexpensive test for detect-
ing paratuberculosis in dairy herds. The paratubercu-
losis Newsletters, 21, 7–8.

Rodriguez-Lazaro D., D’Agostino M., Pla M., Cook N. 
(2004): Construction strategy for an internal amplifi-
cation control for real-time diagnostic assays using 
nucleic Acid sequence-based amplification: develop-
ment and clinical application. Journal of Clinical 
Microbiology, 42, 5832–5836.

Rodriguez-Lazaro D., D’Agostino M., Herrewegh A., Pla 
M., Cook N., Ikonomopoulos J. (2005): Real-time PCR-
based methods for detection of Mycobacterium avium 
subsp. paratuberculosis in water and milk. Interna-
tional Journal of Food Microbiology, 101, 93–104.

Rosseels V., Roupie V., Zinniel D., Barletta R.G., Huygen 
K. (2006): Development of luminescent Mycobacte-
rium avium subsp paratuberculosis for rapid screening 
of vaccine candidates in mice. Infection and Immunity, 
74, 3684–3686.

Ruzante J.M., Smith,W.L., Gardner I.A., Thornton C.G., 
Cullor J.S. (2006): Modified culture protocol for isola-
tion of Mycobacterium avium subsp. paratuberculosis 



Veterinarni Medicina, 53, 2008 (6): 283–306	 Review Article

305

from raw milk. Foodborne Pathogens Disease, 3, 457–
460.

Salgado M., Kruze J., Collins M.T. (2007): Diagnosis of 
paratuberculosis by fecal culture and ELISA on milk 
and serum samples in two types of Chilean dairy goat 
herds. Journal of Veterinary Diagnostic Investigation, 
19, 99–102.

Sasahara K.C., Gray M.J., Shin S.J., Boor K.J. (2004): De-
tection of viable Mycobacterium avium subsp. paratu-
berculosis using luciferase reporter systems. Foodborne 
Pathogens and Disease, 1, 258–266.

Singh S.V., Vihan V.S. (2004): Detection of Mycobacte-
rium avium subspecies paratuberculosis in goat milk. 
Small Ruminant Research, 54, 231–235.

Singh S.V., Singh A.V., Singh R., Sandhu K.S., Singh P.
K., Sohal J.S., Gupta V.K., Vihan V.S. (2007): Evaluation 
of highly sensitive indigenous milk ELISA kit with fe-
cal culture, milk culture and fecal-PCR for the diag-
nosis of bovine Johne’s disease (BJD) in India. 
Comparative Immunology Microbiology and Infec-
tious Diseases, 30, 175–186.

Smith H.W. (1960): The Examination of milk for the pres-
ence of Mycobacterium johnei. Journal of Pathology 
and Bacteriology, 80, 440–442.

Spahr U., Schafroth K. (2001): Fate of Mycobacterium 
avium subsp. paratuberculosis in Swiss hard and sem-
ihard cheese manufactured from raw milk. Applied 
and Environmental Microbiology, 67, 4199–4205.

Stabel J.R. (2001): On-farm batch pasteurization destroys 
Mycobacterium paratuberculosis in waste milk. Jour-
nal of Dairy Science, 84, 524–527.

Stabel J.R., Lambertz A. (2004): Efficacy of pasteuriza-
tion conditions for the inactivation of Mycobacterium 
avium subsp. paratuberculosis in milk. Journal of Food 
Protection, 67, 2719–2726.

Stabel J.R., Steadham E.M., Bolin C.A. (1997): Heat inac-
tivation of Mycobacterium paratuberculosis in raw milk: 
are current pasteurization conditions effective? Applied 
and Environmental Microbiology, 63, 4975–4977.

Stabel J.R., Wells S.J., Wagner B.A. (2002): Relationships 
between fecal culture, ELISA, and bulk tank milk test 
results for Johne’s disease in US dairy herds. Journal 
of Dairy Science, 85, 525–531.

Stabel J.R., Hurd S., Calvente L., Rosenbusch R.F. (2004): 
Destruction of Mycobacterium paratuberculosis, Sal-
monella spp., and Mycoplasma spp. in raw milk by a 
commercial on-farm high-temperature, short-time pas-
teurizer. Journal of Dairy Science, 87, 2177–2183.

Stanley E.C., Mole R.J., Smith R.J., Glenn S.M., Barer M.R., 
McGowan M., Rees C.E.D. (2007): Development of a 
new, combined rapid method using phage and PCR for 
detection and identification of viable Mycobacterium 

paratuberculosis bacteria within 48 hours. Applied and 
Environmental Microbiology, 73, 1851–1857.

Stephan R., Schumacher S., Tasara T., Grant I.R. (2007): 
Prevalence of Mycobacterium avium subspecies paratu-
berculosis in Swiss raw milk cheeses collected at the 
retail level. Journal of Dairy Science, 90, 3590–3595.

Stratmann J., Strommenger B., Stevenson K., Gerlach 
G.F. (2002): Development of a peptide-mediated cap-
ture PCR for detection of Mycobacterium avium subsp. 
paratuberculosis in milk. Journal of Clinical Microbi-
ology, 40, 4244–4250.

Stratmann J., Dohmann K., Heinzmann J., Gerlach G.F. 
(2006): Peptide aMptD-mediated capture PCR for de-
tection of Mycobacterium avium subsp. paratubercu-
losis in bulk milk samples. Applied and Environmental 
Microbiology, 72, 5150–5158.

Streeter R.N., Hoffsis G.F., Bech-Nielsen S., Shulaw W.
P., Rings D.M. (1995): Isolation of Mycobacterium 
paratuberculosis from colostrum and milk of sub-
clinically infected cows. American Journal of Veteri-
nary Research, 56, 1322–1324.

Strommenger B., Stevenson K., Gerlach G.F. (2001): Iso-
lation and diagnostic potential of ISMav2, a novel 
insertion sequence-like element from Mycobacterium 
avium subspecies paratuberculosis. FEMS Microbiol-
ogy Letters, 196, 31–37.

Sung N., Collins M.T. (1998): Thermal tolerance of My-
cobacterium paratuberculosis. Applied and Environ-
mental Microbiology, 64, 999–1005.

Sweeney R.W., Whitlock R.H., Rosenberger A.E. (1992): 
Mycobacterium paratuberculosis cultured from milk 
and supramammary lymph nodes of infected asymp-
tomatic cows. Journal of Clinical Microbiology, 30, 
166–171.

Sweeney R.W., Whitlock R.H., Buckley C.L., Spencer, P., 
Rosenberger, A.E., Hutchinson, L.J. (1994): Diagnosis 
of paratuberculosis in dairy cattle, using enzyme-linked 
immunosorbent assay for detection of antibodies 
against Mycobacterium paratuberculosis in milk. Amer-
ican Journal of Veterinary Research, 55, 905–909.

Tasara T., Stephan R. (2005): Development of an F57 
sequence-based real-time PCR assay for detection of 
Mycobacterium avium subsp. paratuberculosis in milk. 
Applied and Environmental Microbiology, 71, 5957–
5968.

Taylor T.K., Wilks C.R., McQueen D.S. (1981): Isolation 
of Mycobacterium paratuberculosis from the milk of 
a cow with Johne’s disease. The Veterinary Record, 
109, 532–533.

Tunkle B., Aleraj Z. (1965): The recovering of M. johnei 
in the semen of bull from one station for artificial in-
semination. Veterinarski Glasnik, 19, 845–849.



Review Article	 Veterinarni Medicina, 53, 2008 (6): 283–306

306

Wells S.J., Collins M.T., Faaberg K.S., Wees C., Tavorn-
panich S., Petrini K.R., Collins J.E., Cernicchiaro N., 
Whitlock R.H. (2006): Evaluation of a rapid fecal PCR 
test for detection of Mycobacterium avium subsp. 
paratuberculosis in dairy cattle. Clinical and Vaccine 
Immunology, 13, 1125–1130.

Williams S.L., Harris N.B., Barletta R.G. (1999): Develop-
ment of a firefly luciferase-based assay for determin-
ing antimicrobial susceptibility of Mycobacterium 
avium subsp. paratuberculosis. Journal of Clinical 
Microbiology, 37, 304–309.

Act No.166/1999 Coll., on Veterinary Care and Amend-
ing Related acts (the Veterinary Act), as amended by 
Act No. 29/ 2000 Coll., Act No. 154/2000 Coll., Act 
No. 102/2001 Coll., Act No. 76/2002 Coll., Act No. 
120/2002 Coll., Act No. 320/2002 Coll., Act No. 
131/2003 Coll., Act No. 316/2004 Coll., Act No. 
444/2005 Coll., and Act No. 48/2006 Coll. Collection 
of Acts of the Czech Republic, 2006, item 50, 70 pp.

Received: 2008–06–05
Accepted after corrections: 2008–06–11

Corresponding Author:

Prof. MVDr. Ivo Pavlik, CSc., Veterinary Research Institute, Hudcova 70, 621 00 Brno, Czech Republic
Tel. +420 533 331 601, fax +420 541 211 229, e-mail: pavlik@vri.cz


