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Between November 2002 and April 2003, 244 bottles and cartons of commercially pasteurized cow’s milk were
obtained at random from retail outlets throughout the Czech Republic. During the same period, samples of raw
milk and of milk that was subsequently subjected to a minimum of 71.7°C for 15 s in a local pasteurization unit
were also obtained from two dairy herds, designated herds A and B, with low and high levels, respectively, of
subclinical Mycobacterium avium subsp. paratuberculosis infection, and from one herd, herd C, without infec-
tion. Infection in individual cows in each herd was tested by fecal culturing. Milk samples were brought to the
Veterinary Research Institute in Brno, Czech Republic, processed, inoculated onto Herrold’s egg yolk slants,
and incubated for 32 weeks. Colonies were characterized by morphology, Ziehl-Neelsen staining, mycobactin
J dependency, and IS900 PCR results. M. avium subsp. paratuberculosis was cultured from 4 of 244 units (1.6%)
of commercially pasteurized retail milk. M. avium subsp. paratuberculosis was also cultured from 2 of 100 (2%)
cartons of locally pasteurized milk derived from infected herds A and B and from 0 of 100 cartons of milk from
uninfected herd C. Raw milk from 1 of 10 (10%) fecal culture-positive cows in herd A and from 13 of 66 (19.7%)
fecal culture-positive cows in herd B was culture positive for M. avium subsp. paratuberculosis. These findings
confirm that M. avium subsp. paratuberculosis is present in raw milk from subclinically infected dairy cows. The
culture of M. avium subsp. paratuberculosis in the Czech Republic from retail milk that had been pasteurized
locally or commercially to the required national and European Union standards is in agreement with similar
research on milk destined for consumers in the United Kingdom and the United States and shows that humans
are being exposed to this chronic enteric pathogen by this route.

Mycobacterium avium subsp. paratuberculosis is an organism
which causes chronic inflammation of the intestine in domestic
and wild ruminants and other animals, including primates (5-7,
12, 14, 15, 22, 23, 31, 43). M. avium subsp. paratuberculosis can
live in animals for years without necessarily causing clinical
disease. Infection is widespread in domestic livestock in Eu-
rope and North America as well as elsewhere (28, 30, 47).
Wildlife reservoirs contribute to the persistence and spread of
infection (6, 7, 16, 38).

Subclinically infected cows secrete M. avium subsp. paratu-
berculosis in their milk (44, 46). M. avium subsp. paratubercu-
losis may also enter the milk by fecal contamination in the
milking parlor (19, 37). This pathogen is more thermotolerant
than Mycobacterium bovis (9, 34, 40) and may remain cultur-
able after both experimental and commercial pasteurization
(11, 17, 18, 20, 27, 29, 35, 36, 42, 45).

Research in Britain and the United States has shown that M.
avium subsp. paratuberculosis can be cultured from about 2 to
3% of retail pasteurized milk units (19, 36; http://www.johnes
.org/newsfiles/109216471862392.html) and that humans may be
exposed to ingestion of this pathogen by this route. M. avium
subsp. paratuberculosis is increasingly implicated in the causa-
tion of Crohn’s disease, a chronic inflammatory condition of
the intestine in humans (8, 10, 13, 24, 26, 32, 41). More data are

needed from several countries on the potentially important
public health issue of the residual presence of this chronic
enteric pathogen in retail milk. The present studies were de-
signed to determine whether live M. avium subsp. paratuber-
culosis may be entering the milk supply in the Czech Republic
both in general retail pasteurized milk and in locally pasteur-
ized milk from three specific dairy herds.

MATERIALS AND METHODS

Collection of milk cartons and bottles from retail outlets. From November
2002 to April 2003, a total of 244 glass bottles and plastic cartons of whole cow’s
milk treated by commercial pasteurization at a minimum of 71.7°C for 15 s were
obtained at random from shops and supermarkets throughout the Czech Re-
public. Samples were brought directly to the laboratory, with the temperature
maintained at a maximum of 4°C by the use of insulated boxes with ice packs, and
processed as described below.

Sampling from specific dairy herds. Three separate farms which housed Hol-
stein-Friesian dairy herds were enrolled in this study. Farm A had 268 cows and
a low rate (3.0%) of M. avium subsp. paratuberculosis infection, farm B had 175
cows and a relatively high rate (12.0%) of infection, and farm C had 40 cows and
no evidence of infection (3). To avoid any risk of cross-contamination, we
performed fecal sampling and milk sampling from the animals on each farm on
different days. Fecal samples were taken directly from the rectum of each animal
by the use of disposable gloves and were transferred directly to screw-cap sterile
plastic containers labeled with that animal’s identification number. For milk
sampling, the udder was washed and dried with a fresh towel. Two strips of milk
were expressed from each teat and discarded. The teats were then cleaned with
96% ethanol. On farms A and C, an approximately equal amount of milk was
taken from each teat and pooled to a final sample volume of up to 50 ml. On farm
B, 15 ml of milk was taken separately from each teat into labeled sterile screw-
cap plastic tubes. Samples were transferred to the laboratory and processed
within 24 h. When this was not possible for a few samples, the samples were
stored at �20°C for no more than 6 weeks.
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Sampling of locally pasteurized milk. The small-scale local pasteurization unit
which received raw milk from farms A, B, and C exposed the milk to high-
temperature, short-time (HTST) conditions of a minimum of 71.7°C for 15 s and
packaged the treated milk in 1-liter cartons. Cartons of pasteurized milk origi-
nating from each individual farm were taken so that they corresponded with the
raw milk already sampled directly from the animals on that farm on the same
day. A total of 200 pasteurized milk samples destined for consumers were
obtained.

Phosphatase test. All commercially and locally pasteurized milk samples were
subjected to the phosphatase test as previously described by Grant et al. (19).

Test controls. A reference strain, M. avium subsp. paratuberculosis CAPM no.
6381 (Collection of Animal Pathogenic Microorganisms, Brno, Czech Republic),
and distilled water were used as positive and negative controls, respectively, for
PCR.

Sample processing. Samples of feces and milk were processed in separate
laboratories. Fecal samples were treated as previously described (39). Briefly, 1 g
of feces was added to 30 ml of sterile distilled water and mixed by horizontal
shaking for 30 min. Debris and course material were allowed to settle, and 5 ml
of the supernatant was added to 25 ml of 0.75% hexadecylpyridinium chloride
(HPC; Merck, Darmstadt, Germany) and incubated at 37°C for 72 h (39, 48).
After centrifugation for 15 min at 2,500 � g, the pellet was resuspended in 800
�l of sterile distilled water. A 250-�l portion of the resuspended pellet was
inoculated onto each of three cultures. For milk, 50 ml of raw or retail pasteur-
ized milk was collected with a sterile pipette, transferred to a centrifuge tube, and
centrifuged for 15 min at 2,500 � g. The resulting pellet was resuspended in 10
ml of 0.75% HPC. The 15-ml samples of raw milk taken from individual quarters
of the udder were processed similarly. Decontamination was performed with
0.75% HPC for 5 h (19). After centrifugation as described above, the pellet was
resuspended in 800 �l of sterile distilled water. A 250-�l portion of the resus-
pended pellet was inoculated onto each of three cultures.

Mycobacterial culture and colony characterization. Culturing was performed
on Herrold’s egg yolk medium (HEYM) containing 2 �g of mycobactin J ml�1.
For fecal samples, HEYM slants were sealed and incubated at 37°C for 4 months
(39), after which the number of colonies on each slant was counted. The incu-
bation period for raw and pasteurized milk samples was extended to 8 months.
With the primary cultures, colonies resembling M. avium subsp. paratuberculosis
were stained by the Ziehl-Neelsen (ZN) method (50) for the presence of acid-
fast bacilli. To distinguish M. avium subsp. paratuberculosis from other mycobac-
tin-independent M. avium species, colonies were picked, subcultured on four
HEYM slants, with three slants containing and one slant not containing 2 �g of
mycobactin J ml�1 (33, 39), and incubated at 37°C for 3 months.

DNA extraction and IS900 PCR. DNAs were extracted from primary colonies.
Briefly, a small loop of bacterial biomass was dissolved in 50 �l of distilled water
in an Eppendorf tube and heated at 100°C for 20 min. After spinning down for
5 min at 16,000 � g, a 2-�l sample of the supernatant was added to the ampli-
fication mixture. PCR was performed with a Taq PCR master mix kit (QIAGEN,
Hilden, Germany) by use of the primers IS900-P3N (5�-GGG TGT GGC GTT
TTC CTT CG-3�) and IS900-P4N (5�-TCC TGG GCG CTG AGT TCC TC-3�)
at a concentration of 10 �mol per reaction. The primers were designed by the
program GeneBase (Applied Maths, Kortrijk, Belgium). For primary isolates
with which only scarce colonies were obtained, the amplification was extended to
60 cycles (4) by use of a Hot-Start Taq PCR kit (QIAGEN). Electrophoresis was
performed on a 2% agarose gel. The expected length of the amplification prod-
ucts was 257 bp. An internal standard with a length of 591 bp was used to control
PCR inhibition.

RESULTS

Four of the 244 cartons and bottles of commercially pasteur-
ized milk obtained from retail outlets throughout the Czech
Republic yielded IS900 PCR-positive colonies of M. avium
subsp. paratuberculosis, corresponding to an overall detection
rate of 1.6% (Fig. 1; Table 1). From each positive milk sample,
colonies appeared on at least one of the three slants after the
ninth week of incubation. At their first appearance, the colo-
nies were small (1 to 2 mm) and white. Towards the end of the
incubation period, they typically became white to yellow with a
somewhat rough surface and only one to two colonies per slant.
Microscopically, all colonies were typical ZN-positive acid-fast
bacilli showing characteristic clumping. Two of the four pri-

mary M. avium subsp. paratuberculosis isolates did not grow
upon subculturing within the time incubated. Slants from 20
(8.2%) of the total of 244 commercially pasteurized milk car-
tons were overgrown with contaminants and could not be read.
All commercially pasteurized retail milk samples tested phos-
phatase negative.

For the study of locally pasteurized milk from farm A, fecal
samples from 10 of the 268 cows (3.7%) grew ZN-positive,
IS900 PCR-positive M. avium subsp. paratuberculosis. These
isolates all grew upon subculturing and were all mycobactin J
dependent. Raw milk from 1 of these 10 (10%) demonstrably
infected cows was also culture positive for M. avium subsp.
paratuberculosis. In addition, milk from one cow that had a
negative fecal sample was subsequently positive by culture. For
farm B, fecal samples from 66 of the 175 cows (37.7%) grew
ZN-positive, IS900 PCR-positive M. avium subsp. paratubercu-
losis. All isolates grew upon subculturing and were mycobactin
J dependent. Raw milk from 13 of these 66 (19.7%) demon-
strably infected cows was also culture positive for M. avium
subsp. paratuberculosis. For the 13 cows with culture-positive
milk on farm B, M. avium subsp. paratuberculosis was isolated
from milk from two quarters of the udder for 1 animal and
from only one quarter of the udder for the remaining 12
animals (Table 2). Two of the 100 (2%) cartons of locally
pasteurized milk derived from farms A and B yielded IS900
PCR-positive colonies of M. avium subsp. paratuberculosis
showing typical colony morphology and clumped ZN-positive
mycobacteria (Table 1). Neither of these isolates grew upon
subculturing. For farm C, fecal and raw milk samples from all
40 animals tested negative for M. avium subsp. paratuberculo-
sis. All 100 cartons of locally pasteurized milk derived from
farm C also tested negative. Slants from 19 (9.5%) of the total
of 200 locally pasteurized milk cartons were overgrown with
contaminants and could not be read (Table 3). All locally
pasteurized retail milk samples tested were phosphatase neg-
ative.

DISCUSSION

Paratuberculosis in farm animals is a notifiable disease in the
Czech Republic, and a state-subsidized paratuberculosis mon-
itoring and control program is in progress. Milk and milk

FIG. 1. Detection of IS900 of M. avium subsp. paratuberculosis in
six primary cultures of pasteurized milk by highly sensitive hot-start
PCR. Lanes: 1, 2, 3, 5, 6, and 7, pasteurized milk samples of IS900-
positive M. avium subsp. paratuberculosis; 4, one of the contaminated
milk cultures; 8, positive control; 9, negative control; M, 100-bp mo-
lecular size marker (New England Biolabs).
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products derived from cows with clinical or suspected paratu-
berculosis are not consumable even after pasteurization (1).
Raw milk from infected herds is refused by milk processing
plants. Because farmers are reluctant to reveal the paratuber-
culosis status of their herds or submit to voluntary inspection,
our study of locally pasteurized milk was necessarily limited to
three farms. Although the sizes of the herds on these farms
were different, particularly in the small number of cows on
farm C, no other suitable herds were available with a known
paratuberculosis history, a sufficient number of lactating cows,
and a retrievable milk supply record from a local small-scale
pasteurizer.

In designing this work, we wished to address the following
two principal questions. Do subclinically infected cows in herds
with a low prevalence of clinical paratuberculosis shed M.
avium subsp. paratuberculosis in milk in an abundance that is
sufficient for detection by conventional culture? Given that the
answer is yes, does standardized commercial milk pasteuriza-
tion in the Czech Republic completely eliminate M. avium
subsp. paratuberculosis from retail milk destined for consum-
ers?

The culture of M. avium subsp. paratuberculosis from 10.0
and 19.7% of raw milk samples from fecal culture-positive,
subclinically infected cows on farms A and B, respectively, in
the present study agrees with the previous work of Sweeney et
al. (46) and Streeter et al. (44). However, we were also able to
isolate M. avium subsp. paratuberculosis from the milk of one
fecal culture-negative cow (Table 2). This may have been due
to the low sensitivity of conventional fecal culture or a result of

intermittent shedding of the pathogen in feces (49), which may
not necessarily coincide with the presence of M. avium subsp.
paratuberculosis in the milk. Cows testing negative by a single
fecal culture may still secrete the pathogen in their milk. Fur-
thermore, our isolation of M. avium subsp. paratuberculosis
from only a single quarter sample from most of the animals
with positive raw milk is indicative of the uneven distribution
of the pathogen within the udder. Thus, when individual cows
are sampled to test for the presence of M. avium subsp. para-
tuberculosis in milk, samples should be collected from all quar-
ters. Despite this observation, a comparison of fecal and milk
shedding by apparently healthy infected cows on farms A and
B showed that high-fecal-shedder cows release M. avium subsp.
paratuberculosis in milk more often and in a higher concentra-
tion than apparent nonshedders. For farm C, the negative
culture results for feces, raw milk, and pasteurized milk con-
firmed the herd’s paratuberculosis-free status.

M. avium subsp. paratuberculosis may be cultured from milk
after HTST pasteurization if the organism is present in raw
milk in sufficient numbers (17-20, 35, 36). Our colony counts
and the detection rates of M. avium subsp. paratuberculosis in
Czech milk are likely underestimates because of the well-rec-
ognized reluctance of this organism to grow in culture and the
need to include chemical decontamination during sample pro-
cessing (0.75% HPC) to minimize overgrowth by other organ-
isms. This inevitably inactivates some residual viable M. avium
subsp. paratuberculosis (21). Despite decontamination, the re-
sults from 8 to 9% of our milk samples were lost due to the
overgrowth of cultures by other organisms, which is in close
agreement with the results of other studies (19). In addition,
M. avium subsp. paratuberculosis in raw and retail pasteurized
milk subjected to centrifugation segregates into both the pellet

TABLE 1. Culture recovery of M. avium subsp. paratuberculosis from pasteurized cow’s milk

Originb Package type No. of primary culture
isolates/no. of milk samples

M. avium subsp. paratuberculosisa

Morphology AFB Dependence
on M-J

IS900
PCR

Farms A and B Plastic or carton 2/100 2 2 0 2
Farm C Plastic or carton 0/100 0 0 0 0
Retail outlet Glass bottle or carton 4/244 4 4 2 4

Total 6/444 6 6 2 6

a The numbers in each column show the numbers of positive primary culture isolates by each given test. AFB, presence of acid-fast bacilli by ZN staining.
b Milk from farms A, B, and C was pasteurized in a local pasteurization unit; milk from the retail outlet was treated by commercial pasteurization.

TABLE 2. Isolation of M. avium subsp. paratuberculosis from feces
and raw milk of cows on three farms

Farm

No. of M. avium subsp. paratuberculosis isolatesa

n
Feces Milk

� % � %

A 268b 10 3.7 2d 10.0
B 175c 66 37.7 13 19.7
C 40b 0 0 0 0

Total 483 76 15.7 15 18.4

a n, number of cows tested by fecal and/or milk culture; �, number of positive
samples.

b Pooled one-quarter milk samples from each cow.
c Individual one-quarter milk samples. For one cow, two individual quarters

tested positive, and for the remaining 12 cows, only one quarter tested positive.
d One of the cows that harbored M. avium subsp. paratuberculosis in milk was

negative by fecal culture.

TABLE 3. Contamination and overgrowth of HEYM with
nonmycobacterial organisms in pasteurized and raw milk cultures

Milk type (n)

No. of contaminated slopesa

One Two Three Total

n % n % n % n %

Commercially pasteurized (244) 17 6.9 3 1.2 0 0 20 8.2
Locally pasteurized (200) 13 6.5 6 3.0 0 0 19 9.5
Raw (1,008) 62 6.2 29 2.9 70 6.9 161 16.0

Total (1,452) 90 6.2 40 2.8 70 4.8 200 13.8

a Contamination of HEYM by fungi and other non-acid-fast bacteria staining
blue by Z-N staining.

1212 AYELE ET AL. APPL. ENVIRON. MICROBIOL.



and cream fractions (36). Our need to contain the numbers of
cultures by use of only the pellet fraction after centrifugation
and by discarding the cream fraction may have been another
source of underestimation.

It has been suggested that the majority of M. avium subsp.
paratuberculosis in milk comes from contamination by fecal
material in the milking parlor (20, 37). A theoretical modeling
approach undertaken by Nauta and van der Giessen to evalu-
ate human exposure to M. avium subsp. paratuberculosis con-
cluded that subclinically infected animals make a negligible
contribution to this exposure (37). However, the isolation of 4
to 20 CFU of M. avium subsp. paratuberculosis/50 ml of raw
milk collected aseptically from the udder in the present study
shows that direct shedding of this pathogen makes a significant
contribution to their numbers in milk. Whitlock and Buergelt
(49) have emphasized that clinical paratuberculosis is merely
the tip of the iceberg in terms of the total number of infected
animals. For every clinically infected animal born on a farm, a
minimum of 25% of other animals on the same farm are
probably infected, and �30% of these are detected by cur-
rently available tests. Our results are in agreement with this
view, as we did not observe clinical paratuberculosis in any of
the study herds. Our data suggest that subclinically infected
cows constitute a substantial source of M. avium subsp. para-
tuberculosis in milk. Animals with clinical paratuberculosis are
usually culled by farmers because of infertility or low milk
yields, while the apparently healthy subclinically infected ani-
mals are allowed to persist.

The 2.0 and 1.6% culture detection rates of M. avium subsp.
paratuberculosis in milk treated by small-scale and commercial
pasteurization, respectively, in the Czech Republic are compa-
rable to the results of Grant et al. (19) from the United King-
dom. Our study is also in agreement with a recent report of the
culture of live M. avium subsp. paratuberculosis from 2.8% of
702 units of retail pasteurized milk in the United States (http:
//www.johnes.org/). Our detection of viable M. avium subsp.
paratuberculosis in retail milk destined for consumers in the
Czech Republic is further confirmatory evidence that the or-
ganism survives the minimum HTST pasteurization tempera-
tures (71.7°C for 15 s and 71.2°C for 15 s, respectively) ac-
cepted by the legislation of the Czech Republic and the
European Union (1, 2). Taken together, the results of research
from several countries confirm that human populations are
exposed to this chronic enteric pathogen in retail milk supplies.
This may constitute a potential public health hazard, for which
further research and the design and implementation of reme-
dial measures are likely to prove necessary (25).

In conclusion, the results of this work demonstrate that cows
with subclinical paratuberculosis shed M. avium subsp. paratu-
berculosis organisms that may occasionally survive HTST pas-
teurization. The particular economic significance of paratuber-
culosis in dairy enterprises combined with the risk and
uncertainty related to the role of M. avium subsp. paratuber-
culosis in the development of Crohn’s disease in humans high-
lights the need for further study of this organism.
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