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Abstract Several farms in the Northeast of Brazil were investi-
gated for Mycobacterium avium subsp. paratuberculosis infec-
tion in order to identify the occurrence of paratuberculosis in
buffaloes. Samples were obtained from 17 farms, two slaughter
houses, and a quarantine area in the Northeast. About 15,000
buffaloes of the Murrah, Mediterranean, and Jafarabadi breed
as well as their crossbreeds were evaluated for meat, dairy, and
mixed farms with semi-intensive or extensive breeding practices.
For diagnostic purposes, postmortem and histopathological ex-
amination, including Ziehl-Neelsen test of fecal smears and
scraped intestinal mucosa were performed. PCR was applied
for fecal samples, mesenteric lymph nodes, and intestines. Six
Johne’s disease-positive farms, which together with those previ-
ously identified, indicate that the disease is spread through the
Brazilian Northeast, similar to what occurs in cattle herds in other
regions of the country. The increase in prevalence of
paratuberculosis is a consequence of introduction of animals
from other regions without adequate veterinary assistance and
due to the little official attention paid to this initially silent and
chronic disease.
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Introduction

The occurrence of paratuberculosis (Johne’s disease) was first
documented in Brazil in the State of Rio de Janeiro by Dupont
in 1915. Mycobacterium avium subsp. paratuberculosis
(Map) is the etiologic agent which produces chronic granulo-
matous enteritis in ruminants. Paratuberculosis has been re-
corded from 12 Brazilian states in buffalo, cattle, sheep, and
goats (Yamasaki et al. 2013b). Strategies for control of the
disease in the country are insufficient, and economic losses
are underestimated (Brito et al. 2014). The disease has formal-
ly been reported in buffaloes in Pernambuco (Mota et al.
2010), Maranhao (Barbosa et al. 2010), and Rio Grande do
Sul (Dalto et al. 2012). It is crucial to intensify epidemiolog-
ical studies in the northern and northeastern regions of the
country where the number of buffaloes is significant. The
objective of this paper is to report farms positive for
paratuberculosis in the Northeast Brazil.

Material and methods

About 15,000 beef and dairy Murrah Mediterranean and
Jafarabadi buffaloes and their crossbreeds were examined.
Extensively and poorly managed herds were investigated as well
as those raised under semi-intensive conditions, with reasonable
management but excellent animal performance. Seventeen beef
or dairy farms in Maranhdo, Paraiba, Alagoas, and Bahia, and
two slaughterhouses in Pernambuco were visited in order to
identify cases of paratuberculosis. Samples from a quarantine
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area in Ceard were also obtained for histopathological exam.
Necropsies were performed on 26 buffaloes that were euthanized
according to the euthanasia guidelines recommended by
Normative Resolution No. 13 of September 20, 2013 from the
National Council for the Control of Animal Experimentation
(CONCEA). The samples obtained were fixed in 10 % formalin,
routinely processed, and stained with hematoxylin and eosin
(H&E); lesions suggestive of paratuberculosis were Ziehl-
Neelsen (ZN) stained. Swaps of ileal mucosa scrapings, fecal
smears, and mesenteric lymph node imprints were performed,
fixed in methanol, and ZN stained (Bartlett 2013).

Fecal samples and fragments of mesenteric lymph nodes,
ileum and cecum, removed with a sterile scalpel, were placed
into Eppendorf polyethylene tubes and stored at —20 °C for
processing. DNA extraction was performed on stool samples
with QIAamp DNA Stool Mini Kit (Qiagen®). DNeasy Blood
and Tissues (Qiagen®) kit was applied to the tissue samples
according to the manufacturer. The DNA obtained was stored
at —20 °C prior to amplification. The F57 insertion sequence
was used to detect Map DNA. Amplification of the
Map DNA was performed using the primers F57 (5'-
CCTGTCTAATTCGATCACGGACTAGA-3') and F57Rn (5'-
TGGTGTACCGAATGTTGTTGTCAC-3") (Vansnick et al.
2004). The reactions were prepared in 200-pL microcentrifuge
tubes with a final volume of 12.5 puL containing 2.5 uL of ge-
nomic DNA, 0.5 pL of each agent specific primer at a concen-
tration of 10 pmol, 2.75 pL of Milli-Q ultrapure water, and
6.25 uL of MasterMix (Qiagen® PCR mixture), according to
the manufacturer. The PCRs were performed in a thermocycler
(XP Thermal Cycler—Bioer Technology Co. Ltd) using the fol-
lowing steps according to Vansnick et al. (2004): denaturation of
the initial DNA at 94 °C for 4 min, 40 cycles at 94 °C for 45 s for
denaturation, 68 °C for 45 s for annealing and 72 °C for 45 s for
extension, with a final extension at 72 °C for 10 min. Positive
controls consisted of previously studied cattle samples, and the
negative control consisted of ultrapure water. The analysis of the
amplified 424-base pair (bp) product, corresponding to the Map
DNA was performed by electrophoresis using a 1.5 % agarose
gel stained with Blue Green dye (LGC Biotecnologia), which

Fig. 1 Buffaloes from
Northeastern Brazil with
paratuberculosis. a Severe weight
loss, (body score 1) and
submandibular edema. b Dark
green diarrhea
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was visualized with ultraviolet light and photographed. We used
a standard molecular weight of 100 bp (Fermentas).

Results

Six buffalo herds with paratuberculosis infection were identified,
five of which were located in the state of Maranhdo and one in
Alagoas. All positive herds exhibited clinical signs of the disease
characterized by progressive weight loss, submandibular edema
(Fig. 1a), foamy dark green liquid diarrhea (Fig. 1b), unrespon-
siveness to antimicrobial therapy, tenesmus, rough and
depigmented coat, dehydration, weakness, and finally death.
The body score of the sick buffaloes ranged from 1 to 3 (scale
1-5), which generally segregated from the herd.

Concomitant diseases were identified in these herds, such as
infection by gastrointestinal nematodes in adult buffaloes, repro-
ductive disorders, and mastitis. In general, the owners were not
familiar with symptomatology of paratuberculosis and things of
other causes such as changes in diet, ingestion of foreign bodies,
and “worms.” After observing buffalo weight loss, some owners
sent them to the slaughter house.

The buffaloes had collective access to wetland areas, where
they remained crowded for long periods. Several buffalo
calves were fed collectively through “communal nursing”
by one buffalo cow. The histories provided by the owners
unanimously confirm free trade of buffaloes in northeastern
Brazil. One common practice in the region was the purchase
of groups of lean buffalo from the lowlands of Maranhao for
fattening.

From necropsies performed on 26 buffaloes of five farms and
two municipal slaughterhouses, 10 of which originating from
four farms were affected with paratuberculosis. The clinical signs
and lesions were typical and consisted of emaciation, subman-
dibular and cavity edema, thickening of the intestinal wall asso-
ciated with mucosal roughness (Fig. 2a) and foamy liquid intes-
tinal content, swelling of the mesenteric lymph nodes (Fig. 2b),
and mesenteric and intestinal lymphangiectasy. Enteritis (Fig. 2c)
and diffuse and pronounced granulomatous lymphadenitis
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Fig. 2 Buffaloes from
Northeastern Brazil with
paratuberculosis. a Thickened
and wrinkled ileal mucosa. b
Swollen mesenteric lymph node
with whitish and irregular areas. ¢
Granulomatous enteritis with
epithelioid cells and
multinucleated giant cells, H&E,
Obj.40%. d Granulomatous
lymphadenitis with a large
number of epithelioid cells and
multinucleated giant cells, H&E,
Obj.25%. e Alcohol-acid-resistant
bacilli in the small intestinal
mucosa, Ziehl-Neelsen, Obj.25x%.
f Alcohol-acid-resistant bacilli in
the mesenteric lymph node, Ziehl-
Neelsen, Obj.25%
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(Fig. 2d) with a large quantity of epithelioid macrophages and
multinucleated giant cells were found in those ten buffaloes. In
eight buffaloes, Ziehl-Neelsen staining revealed alcohol-acid-
resistant bacilli in histologic sections of the intestinal mucosa
(Fig. 2e), mesenteric lymph nodes (Fig. 2f) and/or in scrapings
of the ileal mucosa (Fig. 3a), in fecal smears (Fig. 3b), and
mesenteric lymph node imprints. Moderate hemosiderosis was
found in the mesenteric lymph nodes of buffaloes from the five
positive herds of Maranhao.

Map DNA was amplified from buffaloes in six of the 16
farms from where originated PCR samples. From those

Fig. 3 Buffaloes from
Northeastern Brazil with
paratuberculosis. a Alcohol-acid-
resistant bacilli in ileal mucosal
scraping, Ziehl-Neelsen,
Obj.100x. b Alcohol-acid-
resistant bacilli in fecal smear,
Ziehl-Neelsen, Obj.100x

positive farms, two were identified through feces samples by
PCR, and four farms were identified through samples taken
from feces, the ileum, and mesenteric lymph nodes.

Discussion

Our studies in buffaloes revealed that the dissemination of Map is
occurring in the same way as it occurs with cattle (Yamasaki et al.
2013b). Resistance to accept the diagnosis of paratuberculosis in
the Northeast occurred from several owners of buffaloes herds,
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who did not want to admit that the problem was occurring on
their farm nor to accept a visit to investigate the disease. Owners
had fear that the information about the disease on their farm
would be disseminated; they prefer to slaughter buffaloes in
bad conditions. This behavior does not favor the early diagnosis
disease in the herd and its control, what is problematic, because
paratuberculosis is a chronic disease and difficult to eradicate.

The clinical-pathological picture observed in buffaloes of this
study was similar to the one already described by others in the
specie (Sivakumar et al. 2006; Mota et al. 2010; Barbosa et al.
2010; Dalto et al. 2012) and in cattle (Driemeier et al. 1999; Mota
et al. 2007, 2009; Yamasaki et al. 2013a; Fiss et al. 2015). The
differential diagnosis for buffalo paratuberculosis are diseases
with diarrhea and weight loss, including gastrointestinal nema-
todes, non-infectious diarrhea, and nutritional deficiency dis-
eases. As observed by Belo-Reis et al. (2016), this study revealed
buffaloes with rough and depigmented coat and hemosiderosis of
lymph nodes, indicating copper deficiency.

Action should be taken to control paratuberculosis by elimi-
nating ruminants in clinical stage of the disease. The adoption of
good health management practices has been found to be most
effective for control of the disease (Brito et al. 2014). Vaccine is
being developed with live-attenuated strains of Map, and geno-
mics and bioinformatics are promising research areas for future
control of the disease (Bannantine and Talaat 2015).

Collective use of wetlands by buffaloes and the contamination
of water and food with infected feces as well as the use of
“communal nursing” favor the spread of Map (Dalto et al.
2012). According to the literature, calves rarely eliminate Map,
so that calf-to-calf transmission is less important. However, a
recent study showed Map excretion in feces by calves, strength-
ening the hypothesis of transmission through calves in dairy
cattle farms (Wolf et al. 2015).

The little knowledge about the disease, free trade of
animals, and lack of a control program favor the spread
of Map and contribute to an increasing number of affected
herds. It is important to warn buyers of the risk to con-
sume contaminated products, given the zoonotic potential
of Map and its likely relationship with Crohn’s disease
(Atreyaa et al. 2014).

Diagnosis of Johne’s disease has been established in buffaloes
in Maranhdo and Pernambuco (Barbosa et al. 2010; Mota et al.
2010), in dairy cattle in Pernambuco (Mota et al. 2007) and
Paraiba (Oliveira et al. 2008; Mota et al. 2009; Medeiros et al.
2012b), as well as in sheep and goats in Paraiba (Oliveira et al.
2010; Medeiros et al. 2012a). This study reveals that similar to its
spread to other ruminant species, paratuberculosis is spreading in
buffaloes of Northeast Brazil. Longitudinal and continuous data
of high quality obtained are essential to understand the pathobi-
ology and epidemiology of Map infection in herds (Schukken et
al. 2015). This underscores the importance of studies aimed to
control paratuberculosis, particularly to identify subclinical
animals.
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