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ABSTRACT

A pregnant heifer with an advanced clinical stage of paratuberculosis was reported in a herd in Argentina. Thus, the
animal was euthanized and samples of organs of the cow and its fetus was taken and cultured for bacteriology in specific
medium. Tissues were analyzed by histopathology (hematoxylin-eosin and Ziehl-Neelsen staining). Histopathological
analysis of the cow’s samples revealed the presence of lesions consistent with paratuberculosis, and Ziehl-Neelsen
staining revealed the presence of acid-fast bacilli, whereas the fetal tissues showed absence of lesions but the presence
of acid-fast bacilli by Ziehl-Neelsen staining. After growing in specific medium, colonies in tissues from both cow and
fetus were positive for IS900-PCR, confirming the presence of Mycobacterium avium subsp. paratuberculosis (MAP).
Finally, the isolates were typed by Multiple-Locus Variable-number tandem-repeat Analysis (MLVA), which confirmed
the epidemiological link between them. This study is the first in Argentina to report the detection of MAP that shares
an identical MLVA type in a pregnant cow and its fetus. The results of this study are consistent with previous reports
and highlight the intra-uterine transmission of MAP as an important source of infection within herds.
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RESUMO

Uma novilha prenha em estado clínico avançado de paratuberculose foi observada em um rebanho bovino na Argentina.
O animal foi eutanasiado e foram colhidas amostras dos seus órgãos e dos órgãos feto as quais foram cultivadas para
bacteriologia em meio específico. Os tecidos foram examinados por histopatologia (coloração de hematoxilina-eosina
e Ziehl-Neelsen). Na histopatologia das amostras colhidas da novilha foram observadas lesões compatíveis com
paratuberculose e a coloração de Ziehl-Neelsen revelou a presença de bacilos álcool-ácido resistentes, nos tecidos
fetais não foram observadas lesões, porém a coloração de Ziehl-Neelsen revelou a presença de bacilos álcool-ácido
resistentes. Após o crescimento em meio específico, as colônias foram positivas para o teste IS900-PCR nos tecidos
de ambos, vaca e feto, confirmando a presença de Mycobacterium avium subsp. paratuberculosis. Por fim, os isolados
foram tipados por Multiple-Locus Variable-number tandem-repeat Analysis, confirmando a relação epidemiológica
entre eles. Este estudo relata a primeira detecção de Mycobacterium avium subsp. paratuberculosis na Argentina em
que houve o compartilhamento de um tipo idêntico de MLVA em uma vaca prenhe e no seu feto. Os resultados deste
estudo são consistentes com relatos anteriores e destacam a transmissão intra-uterina de Mycobacterium avium subsp.
paratuberculosis como importante fonte de infecção nos rebanhos de bovinos.
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Johne’s disease or bovine paratuberculosis (PTBC) is
an enteric disease caused by the intracellular bacterium
Mycobacterium avium subsp. paratuberculosis (MAP)
(Salem et al., 2013). In Argentina, with one of the largest
herds worldwide (Espeschit et al., 2017), Johne’s disease
represents a main problem of great importance. Furthermore,
there is no control program to reduce the impacts of the
disease (Whittington et al., 2019). Although there is no
current data of the economic loses that this disease cause in
the country, an estimated loss of 28 million dollars for beef
and dairy cattle, was reported in the Salado basin, placed
in Buenos Aires province, a region with high prevalence
of PTBC (Traversa et al., 2005).
The main difficulty in controlling PTBC disease is its
long incubation time followed by an intermittent shedding
of the bacterium to the environment (Espejo et al., 2012;
Koets et al., 2015). The most common mode of transmission
is the postnatal fecal-oral transmission (Soto et al., 2002)
because calves are especially susceptible in the first months
of life until the first year (Sweeney, 2011). Nevertheless,
other modes of transmission, including in utero infection,
were earlier identified (Sweeney, 1996). The first report
dates from 1929 in Germany, when acid-alcohol-resistant
forms were described in the blood, liver, and other fetal
tissues from an unborn fetus that belonged to a cow
clinically affected with PTBC (Alexejeff-Goloff, 1929).
Since then, several studies have confirmed that calves
born to MAP-seropositive cows are 6.6 times more likely
to be seropositive than calves born to MAP-seronegative
cows (Aly & Thurmond, 2005). A previous meta-analysis
study estimated that 9% of fetuses born to subclinically
infected dams and 39% of clinically affected dams are

in utero infected with MAP, thus representing a major
risk factor to the maintenance of the infection within
herds (Whittington & Windsor, 2009).
In order to confirm in utero infection, molecular analysis
seems to be the most suitable method, as it provides consistent
information about the infectious strain. Despite the fact that
whole genome sequencing provides an extreme discrimination
between strains, its cost prevents routine use in developing
countries. Multiple-Locus Variable-number tandem-repeat
Analysis (MLVA) (Thibault et al., 2007) is one of the most
used method worldwide for MAP genotyping (Fawzy et al.,
2016), due to its relative simplicity, low economic cost and
the possibility to compare results with other studies by using
the online database (MAC-INMV-SSR Database, 2019).
Thus, the aim of this work was to confirm a case of
in utero infection of PTBC by tissue and fecal culture and
subsequent molecular subtyping to characterize all the
MAP isolates.
A herd of Aberdeen Angus beef cattle located in Buenos
Aires province, Argentina, with a high prevalence of PTBC
in heifers and cows, was tested by ELISA and fecal culture.
From 2001 to 2012, PPA-ELISA testing was performed as
screening to establish the measures to reduce the impact of
the disease in the herd. During that period of monitoring
and control, the seroprevalence was reduced from 7.17% to
1.02%. However, due to different reasons, the owner decided
to interrupt the monitoring program and, two years later, new
clinical cases were reported in the herd. A pregnant heifer
(6-8 months of pregnancy) with an advanced clinical stage
of the disease with progressive weight loss, submandibular
edema, diarrhea and pronounced physical weakness was
selected from this herd to be studied. The poor prognosis
suggested the euthanasia of the animal, which was performed
in accordance with the recommendations of the National
Council of Animal Experimentation Control. The animal
was identified as #907-K32.
Serum and fecal samples were obtained before euthanasia to
perform an in house indirect ELISA (iELISA) (Paolicchi et al.,
2003) and bacteriological analysis, respectively.
According to the iELISA based on the PPA antigen (Allied
Monitor, France), the serum samples were classified as
seronegative when the absorbance index (AI) ≤ 1.5, seropositive
for AI ≥ 2.1 or not-conclusive for AI between 1.6 and 2.0.
At necropsy, sterile samples of ileocecal valve, mesenteric
lymph nodes and large intestine were taken for bacterial
isolation in Herrold’s egg yolk medium supplemented with
mycobatin J (HEYM) (Paolicchi et al., 2003) and further
IS900-PCR. A tissue section was fixed in 10% buffered
formalin for histopathological analysis. The uterus was sent to
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the laboratory to perform pathological studies and the fetus
was taken aseptically under biosecurity conditions. Tissue
samples from intestine, mesenteric lymph node, liver, kidney
and lung, and body fluids were taken for bacterial isolation
and histopathological analysis using hematoxylin-eosin stain
(HE) combined with Ziehl-Neelsen stain (ZN) to detect acid
fast bacilli. The gestational age of the fetus was estimated
(̴ 6 months). The fetus was identified as #907-K37.
After approximately 90 days of culture, a loopful was taken
and genomic DNA was obtained using spin columns (Qiagen
DNeasy® Blood & Tissue kit, Germany) and then were tested
by IS900-PCR (Collins et al., 1993). The products were resolved
by electrophoresis in 1% agarose gel. The isolates were typed
by Multiple-Locus Variable-number tandem-repeat Analysis
(MLVA). For this purpose, eight different MIRU-VNTR
markers were typed as described by Thibault et al. (2007)
and designated VNTR292, MIRUX3, VNTR25, VNTR47,
VNTR3, VNTR7, VNTR10 and VNTR32. The primers and
PCR conditions were as suggested by Thibault et al. (2007)
with minor modifications: the annealing temperature for
locus 47 was decreased in 1 °C during the first 10 cycles
from 69 °C to 59 °C and then set at 64 °C for 35 cycles,
whereas the annealing temperature for locus 292 was
decreased in 2 °C and set at 56 °C.
The PCR products were resolved by 3.5% agarose gel
electrophoresis and the product size was estimated using
a 100-bp DNA marker (INBIO Highway, Argentina) and
a 50-bp DNA marker (Promega, USA) depending on the
size of the expected product. In order to determine the
numerical profile of each strain, we used the INRA-Nouzilly
MIRU-VNTR (INMV) database from the National Institute
of Agronomic Research (INRA), France. DNA from
the reference strain MAP ATCC 19698 (INMV 2) and
DNA from the local strain 01/861-F64 (INMV 1) were
included as controls.

The macroscopic observation of organs from the cow
showed granulomatous enteritis and enlarged edematous
lymph nodes. Thickening of the small intestine wall,
inflammation of the lymphatic vessels and a typical brain
aspect were also observed, confirming the pathognomonic
lesions of the disease. The histological study confirmed
granulomatous lymphadenitis and granulomatous diffuse
enteritis with presence of giant cells, lymphocyte cells and
mononuclear inflammatory infiltrate (Figure 1). Finally,
this was confirmed by the isolation of MAP in culture
from these tissues and feces after 90 days of culture. Tissue
samples from the fetus were also positive. The iELISA result
was not conclusive (AI: 1.9).
Regarding the fetus, although tissues showed absence
of macroscopic lesions, the presence of acid fast bacilli was
later revealed in the intestine and mesenteric lymph nodes
by positive Ziehl-Neelsen staining of tissue samples. Lymph
nodes cultures were also positive after 90 days of growth.
IS900-PCR confirmed the isolates from both cow and
fetus as MAP. Further molecular analysis involving the
MLVA typing method confirmed that both isolates shared
the same pattern, called INMV 1 (Figure 2). This pattern
appears to be the most frequent in Argentina according to
some authors (Gioffré et al., 2015; Imperiale et al., 2017) and
our own research over 90 MAP isolates (data not published).
In recent years, PTBC has generated great interest because
of its increasing worldwide prevalence, especially among dairy
cattle which is the most affected, leading to severe economic
losses and even health concerns for the rural workers since
MAP has been associated to Crohn´s disease in humans
(García & Shalloo, 2015; McNees et al., 2015). The gold
standard technique to diagnose PTBC is the culture of the
bacterium in specific media, usually from a sample of feces.
However, at early stages of the disease, this may be unreliable.
The detection of MAP in feces, milk or tissues to detect and

Figure 1 – Histopathological findings in cow #907-K32. Diffuse granulomatous enteritis with the presence of giant cells, lymphocyte
cells and mononuclear inflammatory infiltrate. H/E, 100X.
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Figure 2 – 3.5% agarose gel corresponding to MAP strains to the cow (A) and the fetus studied (B).

remove infected animals has an economic impact on the
dairy industry and could have great impact on food safety.
The genus Mycobacterium develops complex mechanisms
of interaction with the host and generally has more than one
mechanism of transmission among animals (Manning, 2001).
While the fecal-oral path is the most common and accepted
mechanism of transmission, other pathways such as in utero
infection may be a limiting factor to eradicate. Infected
newborns are not easily diagnosed and, as a consequence,
are not eliminated in time (Whittington & Windsor, 2009).
Several studies have demonstrated that between
20% and 40% of fetal infection occurs in fetuses born to
mothers clinically affected with PTBC (Belo-Reis et al.,
2016; Sweeney et al., 1992). Seitz et al. (1989) reported that
26.4% of newborn calves from PTCB-positive pregnant
cows have a risk of fetal infection. The detection of MAP
DNA by PCR in fetal fluids and various fetal tissues
supports the concept of Johne’s disease as a disseminated
infectious disease (Buergelt & Williams, 2003). and should
draw attention to avenues of transmission other than the
traditional fecal-oral pathway. However, according to the
same study and in agreement with our results, the fetal
histological lesions seems to be non-specific.
The fetal abomasum content is a common sample to take
at necropsy to test for several pathogens. Nevertheless, in the
present study, the clinical sample that allowed us to detect

the presence of MAP in the fetus was the fetal mesenteric
lymph node and intestine, which is in accordance with the
tropism of the bacterium in the adult host.
Our findings represent the first description of in utero
infection of PTBC in Argentina, confirmed by the isolation
of the same strain of MAP by application of MLVA. This
study also represents a relevant episode that highlights
the importance of a correct diagnosis and the subsequent
elimination of positive cows from the herd, avoiding the
permanence of carrier animals that may transmit the disease
to other animals and to their offspring. This study also
proves the importance of molecular-based identification
and typing of MAP to confirm PTBC diagnosis and the
genomic relation between two or more isolates, which
represents an important tool in epidemiological studies.
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