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1. Introduction

Mycobacterial infection in pigs is usually detected at
slaughter and is often attributed to organic materials
commonly used in pig farms (Pakarinen et al., 2007) rather
than to conventional pig production. Causative agents of
porcine tuberculosis-like infections are Mycobacterium

(M.) avium subsp. hominissuis (MAH), Mycobacterium

avium subsp. avium (MAA) and Mycobacterium intracellu-

lare of the Mycobacterium avium complex (MAC; [Mijs
et al., 2002]) as well as other mycobacteria, e.g. Myco-

bacterium porcinum (Tsukamura et al., 1983), Mycobacter-

ium palustre (Torkko et al., 2002) and bacteria, e.g.
Rhodococcus equi (Meyer et al., 2007). Organisms of the
MAC can be found in many places and materials such as
soil, sawdust, wild birds, and biofilms (Engel et al., 1978;
Matlova et al., 2004, 2005). Members of the MAC are
resistant to disinfectants (Lee et al., 2010) and are regarded
as potential zoonotic pathogens, especially in immuno-
compromised humans (Komijn et al., 1999; Johansen et al.,
2007). The subspecies MAA is primarily isolated from birds
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A B S T R A C T

In a breeding and fattening pig farm an increasing number of cases of abortion and

generalized mycobacteriosis at slaughter occurred. Pathological findings compatible with

mycobacteriosis, acid-fast organisms in tissues, and isolation of mycobacteria from tissue

samples including fetuses, lungs and reproductive organs from sows, genital swabs,

mesenteric lymph nodes, and from a sperm sample revealed the cause of the disease.

Bacterial cultures were identified as Mycobacterium avium subsp. hominissuis using IS901-/

IS1245-specific PCR. Genotyping of selected isolates from animals as well as from their

environment by MIRU–VNTR analysis showed that the herd was infected with one single

outbreak strain. The same genotype was also isolated from pigs of two other farms which

showed comparable symptoms and were in direct contact with the index farm as well as

from their environment. Immunological host responses detected by tuberculin skin test

and ELISA gave positive results at herd level only. Despite the detection of other potential

pathogens mycobacteria were regarded as the causative agent of the reproductive

disorders.

To our knowledge this is the first report of an epidemic mycobacterial infection in a pig

holding associated with reproductive disorders, which could be attributed to one single

virulent strain, and the first report of detection of M. avium subsp. hominissuis in pig sperm.
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(Mijs et al., 2002) and rarely from mammalian species such
as cattle, pigs, and foxes (Möbius et al., 2004, 2006).
Whereas the subspecies MAH is also and even more
frequently isolated from cattle, pigs, and foxes, it is
additionally found in humans, game, dogs, and other
species (Thorel et al., 1997; Möbius et al., 2004, 2006;
Moser et al., 2011). In pigs, both subspecies are known to
cause oral infection with localised granulomas in lymph
nodes of the head, mediastinum, and digestive tract and
intermittent fecal shedding (Mijs et al., 2002; Matlova
et al., 2003). Cases of disseminated infection and the
incidence of mycobacterial infection in aborted fetuses or
in the genital organs of pigs have been reported only very
rarely. McErlean (1959) detected M. avium in tuberculosis-
like metritis; M. avium serotype 1 was also shown to cause
tuberculosis-like disease and death in fetuses (Bille and
Larsen, 1973; Ellsworth et al., 1979). Recently, a similar
case report was published from the Netherlands (Well-
enberg et al., 2010) where at least two different clones of
MAH caused abortion, wasting of piglets, reduced growth
rates, and increased mortality. The present study is a
further contribution to mycobacteria-associated repro-
ductive disorders and the epidemiology of MAH within a
breeding and fattening pig farm.

2. Materials and methods

2.1. Case history and animal samples

In 2008, an increase of repeat breeding, stillbirth, and
abortion was noticed in a closed herd of pigs with 170
Danish sows raised for breeding and 1000 fattening pigs.
Symptoms had been observed for the past six months
especially in elderly sows beyond the sixth litter. The
breeding unit of this herd was housed indoors in an old
farm house stable with communicating barn units for
fertilizing, gravid, and farrowing sows. Gilts were housed
within the same stable. The animals were kept on slatted
floor without litter. Cleaning of the units was done as
needed. Wild birds had the opportunity to enter the stable.
Pigs for fattening were housed in a modern separate stable
divided into six sections with regular cleaning and
disinfection. Beside a dog no other animals were kept on
the farm.

For diagnostic purposes, blood samples, genital swabs,
and aborted fetuses were collected on the farm repeatedly
by the veterinarian visiting the holding, and genital tissues
from sows were taken at the abattoir. One year prior to the
onset of reproductive disorders an increasing number of
condemned carcasses with signs of mycobacteriosis was
noted at the abattoir. A variable number of samples was
collected from a total of 102 individual animals between
2008 and 2010 and was screened for mycobacteria by
culture: samples of lymph nodes with caseous necrosis
(n = 73), reproductive organs of sows with abortion
(n = 12), lungs (n = 9), abortions with placenta (n = 9),
genital swabs (n = 3), and sperm samples (n = 8).

Fifty-two blood samples from different individual sows
were screened for routine profiles of reproductive dis-
orders by detection of: porcine respiratory and reproduc-
tive syndrome virus (PRRSV; ELISA/PCR), swine influenza

virus (SIV; H1N1 [ELISA], H1N2, and H3N2 [HIT]), porcine
parvovirus (PPV; ELISA), Actinobacillus pleuropneumoniae

(APP; ELISA), Chlamydia spp. (CFT), and seven serovars of
Leptospira interrogans (MAT; Canicola, Grippotyphosa,
Tarassovi, Copenhageni, Pomona, Hardjo, and Bratislava).
Tissue (n = 18) and blood (n = 15) samples were tested for
porcine circovirus 2 (PCV2; realtime PCR; semiquantitative
score: ‘‘(+)’’ [100–101-fold], ‘‘+’’ [101–103-fold], ‘‘++’’ [103–
105-fold], ‘‘+++’’ [105–108-fold] detection limit). Addition-
ally, tissue samples from a neighbouring farm 2 with
occasional exchange of material or equipment (one
umbilical cord and one placenta from abortion) and from
farm 3 with regular contacts to the index farm (one
macerated abortion) were investigated for the presence of
mycobacteria.

2.2. Samples from the pigs’ environment

In total, 16 samples from the pigs’ environment were
collected and screened for the presence of mycobacteria.
Bird droppings from sparrows were collected and pooled.
All food cereals were tested separately. Boot swabs were
used to detect mycobacteria in the surroundings of the pigs
as described for the detection of M. avium subsp.
paratuberculosis in environmental samples (Wolter et al.,
2010). Water and biofilms from the farm’s well water and
piping were collected using a brush to yield biofilm
sediments from the wall. Microscopic smears of all
samples were directly tested using Ziehl–Neelsen (ZN)-
staining for detection of acid-fast bacilli and mycobacterial
culture was initiated.

2.3. Gross pathology and histopathology

Pathological examinations were performed in the
carcasses and organs mentioned above with special regard
to the detection of granulomatous or otherwise suspicious
lesions. For histological investigation tissues of organs,
lymph nodes, and placentas were fixed in neutral buffered
formalin, paraffin embedded and routinely stained with
haematoxylin and eosin. Sections showing inflammatory,
preferably granulomatous alterations were ZN-stained.

2.4. Cultivation and identification of mycobacteria

Organ samples collected at necropsy and mesenteric
lymph node samples from the abattoir were examined for
detection of mycobacteria using standard procedures as
described in the OIE Manual for Standards of Diagnostic
Tests and Vaccines (Anonym, 2008). Organ samples were
decontaminated using sulphuric acid (6%) and were
incubated on Löwenstein–Jensen medium without pyr-
uvate and in the presence and absence of glycerol (Enclit,
Borna, Germany) for four to eight weeks at 37 8C. To inhibit
growth of contaminant flora the medium was supple-
mented with PACT (polymyxin B, amphotericin, carbeni-
cillin, and trimethoprim).

Environmental samples were cultivated in the same
manner. Subcultures were made from single colonies
suspected to be mycobacteria on the above mentioned
media. DNA extracted from rinsed culture material was
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amplified using specific duplex in-house PCR for the
detection of IS901 (Kunze et al., 1992) and IS1245

(Guerrero et al., 1995) which discriminates the aforemen-
tioned subspecies MAA and MAH. Briefly, for DNA
extraction, the culture material was suspended in 100 ml
aqua destillata, boiled for 15 min and centrifuged twice for
5 min at 12,000 rpm (15,300 � g). The master mix contain-
ing HotStarTaq polymerase (HotStarTaq Master Mix Kit,
Qiagen, Hilden, Germany) as well as the respective primers
for IS901 (Kunze et al., 1992) and IS1245 (Guerrero et al.,
1995) in 18 ml was mixed with 2 ml sample DNA and
proceeded on a thermo cycler (T3000; Biometra, Göttin-
gen, Germany) as follows: 94 8C for 15 min followed by 35
cycles with 94 8C for 60 s, 56 8C for 60 s, and 72 8C for 60 s.
Final elongation took place at 72 8C for 10 min. PCR
products were analysed in an agarose gel counterstained
with ethidium bromide. The MAH banding pattern
revealed one 427 bp product (IS1245 positive), whereas
MAA was characterized by two bandings at 427 and
1108 bp (IS1245 and IS901 positive).

2.5. DNA sequence analysis

Field strains of presumptive mycobacteria not
belonging to MAC were subjected to 16S rRNA analysis.
Briefly, partial 16S rRNA gene sequences with an
expected size of 899 bp were amplified using oligonu-
cleotide primers as described previously (Weisburg
et al., 1991). PCR products were purified using a
commercial PCR purification kit (E.Z.N.A.1 MicroPlateTM

Cycle Pure Kit, Omega Biotek, Darmstadt, Germany) as
recommended by the manufacturer. The purified PCR
fragments were sequenced by SEQLAB Sequence Labora-
tories (Göttingen, Germany). Sequences were subjected
to BLASTN analysis.

2.6. MIRU–VNTR analysis

Twenty two of the M. avium field strains from different
animals, different tissues, and the environment identified
by PCR were characterized using mycobacterial inter-
spersed repetitive units–variable-number tandem repeat
(MIRU–VNTR) typing (Thibault et al., 2007) to investigate
their genetic similarity. In detail, by this method different
numbers of tandem repeat sequences were detected by
PCR reactions targeting specific loci of the M. avium

genome (MIRU–VNTR Loci 292, X3, 25, 47, 3, 7, 10, 32).
Sequence analysis of the MIRU–VNTR repeat at locus 7 was
conducted, after purifying the PCR amplicon, by LCG
Genomics GmbH.

2.7. Immunological tests

2.7.1. Tuberculin skin test

All sows and gilts from the index farm were subjected to
a simultaneous tuberculin skin test (n = 148). Purified
protein derivative (PPD; 0.1 ml) was injected intradermally
at the base of the ear. The bovine PPD (from Mycobacterium

bovis strain type AN5; Wirtschaftsgemeinschaft deutscher
Tierärzte [WdT], Garbsen, Germany) was injected on the
right side and avian tuberculin (from M. avium strain type

D4 [WdT]) on the left. The skin was observed visually for
any swelling or colour change after 96 h.

2.7.2. Enzyme-linked immunosorbent assay (ELISA)

A newly developed indirect M. avium antibody-ELISA
(ID Vet, Montpellier, France) was additionally applied to
serum samples according to the manufacturer’s instruc-
tions. A complete serological study of all sows and gilts
(n = 148) from the index breeding farm was performed,
additionally 15 fattening pigs were tested at random. In a
second experiment serum and colostrum samples from
21 sows with a history of abortion were tested for the
presence of antibodies against MAC (all from the index
farm). Briefly, M. avium subsp. paratuberculosis antigen-
coated microtitre plates were incubated with Mycobac-

terium phlei-pre-adsorbed serum samples. Antibodies in
the sample directed against M. avium were detected
using a multi-species peroxidase-coupled conjugate
antibody. For analysis of the results, raw optical densities
were converted into standardised S/P% values (S/
P% = optical density of the sample/mean optical density
of the positive control � 100). Serum samples showing S/
P% values between 40 and 50% were regarded as doubtful
and samples showing S/P% values higher than 50% as
positive.

3. Results

3.1. Herd and animals

After onset of the reproductive problems routine blood
samples gave positive results in the majority of tested
animals for APP, porcine parvovirus, PRRSV, and all three
tested serotypes of SIV. Tests for leptospirosis and
chlamydia were negative. Despite vaccination against
PRRSV (with Boehringer vaccine) one PCR pool of sow
samples was positive for the PRRSV-EU strain. At first, a
vaccination program against SIV was initiated by the
farmer, which in the meantime has been postponed.
Genome of PCV2 was only detected in very low (‘‘[+]’’) and
low (‘‘+’’) amounts in 10/15 blood, 0/10 fetal organ
samples, and 2/8 organ samples from sows. Since the
beginning of the problem 73 pig carcasses were con-
demned at the abattoir and the abortion rate increased
from 1.1 to 9.9%. Most of the abortions occurred towards
the end of the gestation period. Thus, the economic losses
were substantial. No wasting was observed in surviving
piglets from litters with siblings who had died from an
intrauterine mycobacterial infection.

3.2. Gross pathology and histopathology

Gross pathological findings in aborted piglets were
multifocal granulomatous pneumonia with grey, mainly
subpleural granulomas of up to about 3 mm in diameter
(n = 1; Fig. 1). Additionally, multifocal granulomatous
hepatitis was observed with greyish white granulomas
measuring 1 mm to about 3 mm in diameter located
subcapsularly and more centrally in liver parenchyma
(n = 1). All lungs showed total fetal atelectasis (n = 9). In
one piglet hydrothorax and ascites were detected.
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Placentas either had a diffuse slightly greyish appearance
or multiple areas with brown to yellow discoloration.

Histologically, multifocal granulomatous hepatitis
(n = 2) and pneumonia (n = 2) were detected, showing
central necrosis, epitheloid and giant cells of the Langhans
type and peripheral lymphocytic infiltration. ZN-staining
revealed huge amounts of partly phagocytised acid-fast
bacilli in lumina of bronchioles and alveoles (n = 7). Only
few acid-fast bacilli were detected in granulomas of the
two affected livers. Additionally, ZN-positive bacilli were
detected in the intestinal lumen (n = 5). One spleen showed
minimal granulomatous lesions due to aggregations of
epitheloid cells. Histological investigation of seven pla-
centas revealed necrotizing and purulent placentitis with
ZN-positive bacilli either intracytoplasmic in placental
epithelial cells or free in areas of necrotizing inflammatory
lesions (n = 7). Macroscopically and histologically, few
focal granulomatous and in one case partly purulent
inflammatory lesions of up to 5 mm in diameter were
detected in the uteri (n = 8; Figs. 2 and 3). Likewise, uterine
lymph nodes showed granulomatous alterations (n = 6;
Fig. 4). ZN-positive bacilli were detected in only small

numbers in four of the six altered uterine lymph nodes and
five of the twelve uteri, respectively. In two out of six lungs
from sows at slaughtering with lymph node alterations
neither HE- nor ZN-staining gave evidence of mycobacter-
iosis.

From the directly neighbouring farm (farm 2) one
aborted fetus was submitted to the lab for investigation.
The farm did not have a slaughterhouse history of
condemnation, but reproductive disorders were reported
to be observed frequently as well. Surprisingly, the fetus
displayed similar signs of granulomatous infection. In this
case, too, necropsy findings revealed metrogenous myco-
bacteriosis as possible cause of abortion. Culture and
IS901-/IS1245-specific PCR also yielded MAH. For further
differentiation of this field strain see Table 1.

A third piggery which is in regular contact with the
index farm submitted a sow for post mortem analysis.
Pathological findings included chronic disseminated puru-
lent endometritis with marbled uterine lymph nodes and
four highly macerated fetuses within the uterus. From one
fetus two mycobacterial field strains were isolated, which
were later determined as MAH and MAA.

Fig. 1. Multifocal granulomatous pneumonia, congenital atelectasis in an

aborted fetus with mycobacteriosis.

Fig. 2. Acute multifocal necrotizing and purulent placentitis in a sow with

history of repeat breeding and abortion.

Fig. 3. Miliar granuloma in uterine mucosa of a sow with history of repeat

breeding and abortion.

Fig. 4. Granulomatous lymphadenitis of the uterine lymph node from a

sow infected with Mycobacterium avium subspecies hominissuis.

T. Eisenberg et al. / Veterinary Microbiology 159 (2012) 69–7672
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3.3. Mycobacterial culture and molecular species

identification

Mycobacterial growth was identified after 21–42 days
of incubation at 37 8C and the respective colonies were
creamy yellow, smooth and convex. ZN-staining of the

colony material exhibited the presence of acid-fast bacilli.
A total of 62 isolates was obtained from mycobacterial
cultures. Thirty-seven cultures of mesenteric lymph nodes
from carcasses, two genital swabs from sows with purulent
discharge, two lungs and eleven uteri from sows with a
suspected history of mycobacteriosis, nine aborted fetuses

Table 1

Field strains of Mycobacterium spp. subjected to species differentiation and genotyping.

Animal/environmental

sample number

Field strain

number/year

of isolation

Origin Gross pathology/clinical

symptoms

M. avium

subsp.

detectiona

MIRU–VNTR

genotypeb

Farm 1:Fattening pig

1 5356/2008 Mesenteric lymph node Caseous necrosis MAH 223311*18

Farm 1: Breeding sows

2 5878-3/2009 Genital swabbing Purulent genital discharge MAH 223311*18

3 5527-2/2009 Abortion Multifocal necrosis of placenta,

liver, spleen, lung, gut

MAH 223311*18

4 5878-1/2009 Genital swabbing Purulent genital discharge MAH 223311*18

5 391-10/2010 Mesenteric lymph node Caseous necrosis MAH 223311*18

6 1043-2/2010 Abortion; female, 1250 g Acid-fast bacilli in bronchus MAH 223311*18

7 1043-3/2010 Abortion; male, 700 g Acid-fast bacilli in bronchus

necrotizing placentitis

MAH 223311*18

8 1431-1/2010 Uterus from sow at slaughter Granulomatous endometritis MAH 223311*18

9 1431-2/2010 Uterus from sow at slaughter No abnormal findings MAH n.d.

10 1431-3/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

11 1431-4/2010 Uterus from sow at slaughter No abnormal findings MAH n.d.

12 1431-6/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

13 3668-1/2010 Unmarked late abortion Multifocal necrosis of placenta,

lung, gut

MAH 223311*18

14 3668-4/2010 Unmarked late abortion Multifocal necrosis of placenta,

lung, gut

MAH 223311*18

15 4237-1/2010 Uterus from sow at slaughter Granulomatous endometritis MAH 223311*18

16 4237-3/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

17 4237-4a/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

18 4237-4b/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

19 4237-5/2010 Uterus from sow at slaughter Granulomatous endometritis MAH 223311*18

20 4237-6/2010 Uterus from sow at slaughter Granulomatous endometritis MAH n.d.

21 4258-1/2010 Mesenteric lymph node Caseous necrosis MAH 223311*18

22 4258-2/2010 Mesenteric lymph node Caseous necrosis MAH 223311*18

23 4258-3/2010 Mesenteric lymph node Caseous necrosis MAH n.d.

24 4258-4/2010 Mesenteric lymph node Caseous necrosis MAH n.d.

25 4472-4/2010 Sperm sample – MAH 223311*18

Farm 2 in the neighbourhood

26 0216-1/2011 Umbilical cord from abortion Effusions of body cavities MAH 223311*18

27 0216-2/2011 Placenta from abortion Effusions of body cavities MAH 223311*18

Farm 3 with direct contact to farm 1

28 3017/2011 Macerated abortion Acid-fast bacilli in lung MAH + MAA 223311*18 +

221311*18

Samples of pigs’ environment

1 4009-1a/2010 Well water (farm 1) – Negativec,**

2 4009-1b/2010 Well water (farm 1) – Negatived,**

3 4009-1c/2010 Well water – Negativee,**

4 4009-1d/2010 Well water – MAH 223311*18

5 4009-1e/2010 Well water – MAH 223311*18

6 4168-1a/2010 Filter membrane/well water – Negativef,**

7 4168-1b/2010 Filter membrane/well water – Negativeg,**

8 4168-2/2010 Filter membrane/drinking water – Negativec,**

9 1049-2/2011 Boot swab from farm 3 – MAH 223311*18
a Mycobacterial field strains (MAH: Mycobacterium avium hominissuis); Mycobacterium avium subspecies detection according to IS900-/IS901-/IS1245-

PCR.
b Mycobacterial interspersed repeat unit-variable number of tandem repeat analysis (number of repeats at locus: 292, X3, 25, 47, 3, 7, 10, 32).
c Mycobacterium fortuitum.
d Mycobacterium frederiksbergense.
e Mycobacterium porcinum.
f Mycobacterium peregrinum.
g Mycobacterium mucogenicum.

* In addition to one tandem repeat at VNTR locus 7, 10 nucleotides were identified by sequence analysis (ttc ggc gcg c; �1.5 repeats).

** Identified by 16s-rDNA-PCR.

T. Eisenberg et al. / Veterinary Microbiology 159 (2012) 69–76 73
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as well as one sperm sample from the farm’s breeding boar
were positive. Growth characteristics were consistent with
MAC.

From nine out of 16 environmental samples mycobac-
teria were cultivated. In eight boot swabs occasional acid-
fast bacilli were detected, but mycobacterial growth was
identified in only one sample (from farm 3). Several
mycobacteria grew in the well and drinking water samples
according to Table 1. All tested food cereals and the bird
droppings gave negative results. In biofilm samples from
well water six strains of the genus Mycobacterium were
isolated, which were identified as Mycobacterium fortui-

tum, Mycobacterium peregrinum, Mycobacterium mucogen-

icum, M. porcinum, and Mycobacterium frederiksbergense by
partial 16S rRNA gene sequencing.

To distinguish between the relevant species and
subspecies, 31 field isolates were tested by PCR for the
presence of IS1245 and IS901, known reliable markers for
the detection of MAH (IS1245 pos., IS901 neg.) and MAA
(IS1245 pos., IS901 pos.).

All 31 tested field isolates from animals of the index
farm and farm 2, two well water samples from the index
farm and one boot swab sample (from farm 3) were
characterized by IS1245 and were therefore regarded as
MAH. One isolate (macerated abortion from farm 3)
contained the two insertion elements IS1245 and IS901

indicating MAA.

3.4. MIRU–VNTR typing

Twenty-one MAH field strains including animal isolates
from the index farm and farms 2 and 3 as well as three
environmental isolates gave concordant results thereby
displaying one identical MIRU–VNTR genotype. One isolate
from the neighbouring farm 3 revealed two different
MIRU–VNTR genotypes. As shown by IS1245 and IS901 PCR
this isolate was not a pure culture but consisted of two
strains: one MAH strain revealing the same MIRU–VNTR
genotype as the other isolates from the index farm and
farm 2 and one MAA strain. Details of the MIRU–VNTR
differentiation are shown in Table 1.

3.5. Tuberculin skin test

Fourteen of the 144 sows and gilts showed reactions to
intradermal application of avian PPD (9.7%). No visible skin
reaction to bovine PPD was observed. Nine of the 14
reactions were very clearly visible, in five animals only weak
swellings were detected. The spectrum of skin reactions
varied from redness of the skin with diameters from 2 to over
6 mm along with swelling. Six reactors were also positive
and four were in a doubtful range for antibodies against
MAC. Four sows (three animals with prominent swellings)
were reactive in the skin test, however, antibodies were not
detected. Thirteen sows of the 14 reactors were repeatedly
recognized with abortion, repeat breeding, or stillbirth.

3.6. ELISA

Twenty-eight of the 144 tested sows and gilts gave
positive and 13 gave doubtful results in the ELISA (28.5%).

In total, ninety-one sows had shown fertility problems
(63%). The S/P% distribution within the infected herd
compared to a non-infected population (manufacturer’s
data) revealed a broader range within the negative and
doubtful range (data not shown). The clearly positive
samples showed distinct S/P% values compared to the rest.
At least 33 of these 41 suspicious animals (ELISA positive or
doubtful) had a history of abortion, repeat breeding or
stillbirth. As indicated above, ten ELISA doubtful or positive
sera were from animals which also had shown positive
results in the tuberculin skin test. Fifteen samples from
fattening pigs gave only negative results, but their
respective mean S/P% value was again higher compared
to a negative herd (manufacturer’s data). From 21 sows
with a history of abortion, serum and colostrum samples
were tested. One animal gave strongly positive results in
serum and colostrum, the latter even after 40-fold dilution.
One serum sample gave a doubtful result with negative
respective colostrum. Specificity of the utilized ELISA was
calculated with 100% and preliminary data stating a
sensitivity of 44% (manufacturer’s data).

4. Discussion

The presence of mycobacteria in the herd had been
suspected due to the condemnation of carcasses at the
abattoir already one year prior to the appearance of clinical
signs. Whereas mycobacteriosis is more often associated
with organic pig production (Sirimalaisuwan, 2004), some
recent reports describe its increasing role even in modern
piggeries with a strong economic impact for the affected
farmer (Wellenberg et al., 2010). In pigs, the alimentary
tract is the natural site of infection. The organism can be
shed with the feces, but phagocytized mycobacteria may
also be spread to other tissues within macrophages. Thus it
was not surprising that in three environmental samples
including one boot swab MAH was identified. Hence, an
early infection of at least some piglets through direct
contact with the sow or via the faecal–oral route may have
taken place. This is in contrast to earlier studies where M.

avium was not considered to be transmitted from pig to pig
(Schliesser, 1967). Since MAH was also found in two well
water samples, this cannot be completely ruled out as
source of infection. The water samples which were merely
negative for MAH or contained only other non-tuberculous
mycobacteria suggest – on the other hand – at least very
low amounts of MAH in drinking water served to the pigs.
The animals of the index farm were housed in one unit
without regular disinfection; sawdust or wood shavings
often described as source of mycobacteria were never used
as bedding materials. An accumulation of MAC as
described previously was not detected (Wellenberg
et al., 2010). Under these circumstances, an ascending
infection via the mucosa of the reproductive tract in
breeding animals is also conceivable, especially in herds
with insufficient breeding hygiene. Only few articles
describe mycobacterial infections of the reproductive
organs which may lead to metrogenous or congenital
infection of fetuses and thus to abortion, wasting piglets,
and infertility (McErlean, 1959; Ellsworth et al., 1979;
Wellenberg et al., 2010). Once introduced into the herd, a
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primarily congenital mycobacterial infection may thus
have taken place. Piglets may have been infected with
varying numbers of mycobacteria by either transplacental
contact or directly by swallowing infectious amniotic fluid.
This might explain different outcomes of infection ranging
from an asymptomatic course in piglets to fetal deaths. The
finding of MAH in a sperm sample of the breeding boar
suggests a possible spread of infection even under hygienic
artificial insemination conditions.

Based on IS1245-specific PCR an infection of the herd
with MAH was confirmed. Nonetheless, the primary cause
of the abortion problems remains uncertain since the herd
was also infected with PRRSV, PCV2, APP, and different
serotypes of SIV. It seems, however, reasonable that
mycobacterial superinfection was facilitated by immuno-
deficiency through concomitant viral or bacterial infec-
tions. This is in accordance with an increasing number of
human mycobacterial infections which are caused by a
concurrent infection with human immunodeficiency virus
1 (Radomski et al., 2010). The finding of predominantly
purulent and necrotizing placentitis with detection of
myriads of acid-fast organisms even in bronchial and
intestinal lumina of stillborn piglets, granulomatous
endometritis, pneumonia, and hepatitis in some piglets
emphasizes – on the other hand – mycobacteria to be the
primary causative agent. Additionally, no histological
evidence was observed for the detected viral infections.
Lesions characteristic for an infection with PCV2 like
lymphoid depletion and proliferation of histiocytes typi-
cally along cortical and medullary sinuses were not found.
Botryoid intracytoplasmatic inclusion bodies could not be
demonstrated either.

Granulomatous lesions described above are character-
istic for mycobacterial infections. It remains unclear why
only small patches of uterine mycobacterial infection
result in both, heavily infected placental tissues and rather
mild infection of fetuses. It may be speculated that the
developing placenta serves as an ideal culture medium for
mycobacteria but the slow growth causes a comparatively
late onset of infection in the fetus.

A number of studies revealed that with a proportion of
more than 80% MAH is the predominant mycobacterial
subspecies detected in pigs and other mammalian species
in Germany (Sirimalaisuwan, 2004; Moser et al., 2011).
Data from the Netherlands indicate an even higher
proportion of almost 98% of MAH among MAC members
infecting wild mammals, pigs, and other domestic animals
(Komijn et al., 1999). Therefore, initial introduction of the
pathogen by purchased domestic mammals or occasional
contacts to wild mammals in the past is much more
probable than introduction by birds which usually shed
MAA (Komijn et al., 1999). It was thus not surprising, that
in the present study only one isolate from the neighbour-
ing farm 3 belonged to the subspecies MAA.

To investigate possible relationships between the
isolated strains further analysis by MIRU–VNTR typing
was carried out with 22 representative isolates from
different individual animals and the environment of the
pigs. The discriminatory index (DI) of MIRU–VNTR-
typing for MAH varies between 0.866 (Pate et al.,
2011) and 0.949 (Inagaki et al., 2009). In contrast to

similar cases (Domingos et al., 2009; Wellenberg et al.,
2010) all field strains in this herd belonged to one single
MIRU–VNTR genotype of MAH. This suggests one single
source of infection. Pig mycobacteriosis is often reported
to be environmentally induced and therefore multiple
variants of this widespread microbe even within the
same animal may be found (Wellenberg et al., 2010).
There are numerous evidences stating genetic similarity
for human and porcine M. avium strains (Komijn et al.,
1999; Möbius et al., 2006; Nakagawa and Ogawa, 2011).
On the other hand detection of MIRU–VNTR genotype
223311*18 has – to our knowledge – not yet been
reported, neither from strains infecting pigs nor human
beings (Thibault et al., 2007; Inagaki et al., 2009;
Radomski et al., 2010; Tirkkonen et al., 2010; Pate
et al., 2011). Interestingly, exclusively this genotype of
MAH was also found in two biofilm samples from the
well water of the index farm, and in a boot swab from
farm 3. Since this genotype was also isolated on farms 2
and 3 with comparable reproductive disorders, a spread
of infection can be assumed. It may be further speculated
that certain genotypes are associated with a more
virulent or resistant phenotype than others and may
therefore cause more serious symptoms.

The tuberculin skin test gives reliable results at herd
level only (Karlson, 1970; Bille and Larsen, 1973). New
easy, specific and sensitive tools for intra vitam diagnosis
are needed to facilitate effective control measures thus
lowering the prevalence, the infectious pressure and
thereby improving the economic situation. An optimal
intra vitam bioassay should unequivocally differentiate
infected from non infected animals. Both immunological
tests confirmed the infection of M. avium within the herd.
A rather poor correlation existed between the results
generated by the tuberculin skin test and a new M. avium

antibody-ELISA. Forty-one animals showed doubtful or
positive results in ELISA and fourteen animals were
detected with the tuberculin skin test with an overlap of
ten sows. Forty-five animals were suspicious in at least
one of both tests with a correlation in clinical history in
at least 33 cases. Since colostrum samples were not
available from the majority of the sows, the role of
colostral antibodies remains to be clarified. However, in
the serum sample of one sow M. avium-antibodies were
detected with even higher S/P% values in the respective
colostrum. Thus, at the present stage the results from the
ELISA are too preliminary to recommend it as a suitable
eradication tool.

In conclusion, this article describes the infection of a
piggery with MAH associated with severe reproductive
disorders and high economic losses. Gross pathology and
histology were indicative for mycobacteriosis rather than
other viral or bacterial reproductive infections. In
contrast to similar cases only one single genotype of
MAH was isolated from abortions, genital as well as
environmental samples. The same strain of MAH was also
detected in two other piggeries with comparable
problems and symptoms pointing to one single source
of infection. It remains to be clarified whether this
genotype is associated with a more virulent phenotype
causing similar disease in the future.
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collect environmental samples from common locations in dairy herds
for Mycobacterium avium ssp. paratuberculosis (MAP)-detection.In:
26th World Buiatrics Congress, Santiago, Chile, November 14–18,
2010.

T. Eisenberg et al. / Veterinary Microbiology 159 (2012) 69–7676


