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Type C waterborne botulism outbreaks in buffaloes
(Bubalus bubalis) in the Amazon region’
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loes (Bubalus bubalis) in the Amazon region. Pesquisa Veterindria Brasileira 37(7):697-
700. Instituto de Medicina Veterinaria, Universidade Federal do Para, BR-316 Km 61, Sau-
dade II, Cristo Redentor, Castanhal, PA 68740-970, Brazil. E-mail: felipems@ufpa.br

Botulism is a poisoning caused by botulinum neurotoxins (BoNTs). BoNTs serotypes
C and D are involved in botulism outbreaks in cattle in several countries. Despite the high
number of buffaloes worldwide, the real impact of botulism in buffaloes is not known, be-
cause it is not a notifiable disease in Brazil and only few studies have evaluated the occur-
rence of the disease in buffaloes. Those studies did not conduct diagnostic tests to confirm
the presence of BoNTs. The objective of the present study was to describe three outbreaks
of botulism in buffaloes in the Brazilian Amazon region considering epidemiological and
clinical data as well as laboratory diagnosis to confirm the presence of BoNTs. The results
of the bioassay were negative in the tissues and in feed samples, but positive for BoNT C
in water samples. Confirmation of the occurrence of botulism in buffaloes allows the im-
plementation of preventive strategies in susceptible herds. Waterborne botulism in buffa-
loes is prevented by ensuring the constant circulation of water collections and restricting
the presence of dead animals and bones in order to prevent the accumulation of organic
matter and the development of anaerobic conditions, which might favor the replication of
Clostridium botulinum. Another measure that can be adopted is the shading of the pasture,
in order to maintain the thermal comfort for the buffaloes and to avoid the excess of per-
manence of them in the water pools.

INDEX TERMS: Botulism, buffaloes, Bubalus bubalis, Amazon, Clostridium botulinum, BoNT,
mice bioassay.

RESUMO.- [Surtos de botulismo hidrico tipo C em bifa-
los (Bubalus bubalis) na regido amazonica.] Botulismo
é uma intoxicagdo causada por neurotoxinas botulinicas
(BoNTs). Os sorotipos C e D de BoNTs estdo envolvidos em
surtos de botulismo em bovideos em varios paises. Apesar
do elevado nimero de bufalos em todo o mundo, o real im-
pacto do botulismo em bifalos nio é conhecido; pois nao é
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uma doenga de notificagdo obrigatéria no Brasil e poucos
estudos avaliaram a incidéncia desta doenca em bufalos.
Além disso, estes estudos ndo realizaram testes diagnos-
ticos para confirmar a presenca de BoNTs. O objetivo do
presente estudo foi descrever trés surtos de botulismo em
bufalos na regido amazonica brasileira, considerando da-
dos epidemiolégicos e clinicos, bem como o diagnéstico
laboratorial para confirmar a presen¢a de BoNTs. Os resul-
tados do bioensaio em camundongos foram negativos em
todos os tecidos e nas amostras de alimentos testados; no
entanto foram positivos para BoNT C nas amostras de dgua.
A confirmacdo da ocorréncia de botulismo em bufalos per-
mite a implementagdo de estratégias preventivas nos reba-
nhos. O botulismo hidrico nos bufalos pode ser prevenido
assegurando-se que cole¢des de agua fossem mantidas lim-
pas, sem a presen¢a de animais mortos e ossadas no seu
interior e ndo permitindo o acimulo de matéria organica
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e condi¢des de anaerobiose favoraveis a multiplicacdo de
Clostridium. botulinum. Outra medida que pode ser adotada
é o sombreamento das pastagens, a fim de manter o con-
forto térmico dos bufalos e assim evitar o excesso de sua
permanéncia dentro das fontes de agua.

TERMOS DE INDEXACAO: Botulismo, btifalos, Amazénia, Clostri-
dium botulinum, BoNT, bioensaio em camundongo.

INTRODUCTION

Botulism is an intoxication caused by botulinum neuroto-
xins (BoNTs). BoNTs are produced by Clostridium botuli-
num, a gram-positive obligatory anaerobic bacterium that
survives for long periods under adverse environmental
conditions in its spore form. Under specific anaerobic con-
ditions, assumes a vegetative form, multiplies, and secretes
BoNTs (Gil et al. 2013, Moreira et al. 2014, 2016). BoNTs
are the most toxic biological substances known and are
classified into eight serotypes (A-H) on the basis of their
antigenic properties. Serotypes C and D are involved in bo-
tulism outbreaks in cattle in several countries (Dutra et al.
2001, Martin 2003, Senturk & Cihan 2007, Myllykoski et al.
2009, Brooks et al. 2011), and the disease is considered en-
demic in South Africa, Australia, Brazil, and Israel (Kriiger
etal. 2013).

In Brazil, botulism in ruminants is responsible for major
economic losses and is one of the leading causes of death in
adult animals. The outbreaks are primarily caused by the
intake of preformed BoNTs, owing to osteophagia as con-
sequence of mineral deficiency, particularly phosphorus,
and the consumption of poorly conserved food products,
decaying animal carcasses, and contaminated water sour-
ces (Dobereiner et al. 1992, Dutra et al. 2001, Myllykoski et
al. 2009). Once ingested, the active toxin is absorbed in the
small intestine, released into the bloodstream, and even-
tually reaches the peripheral cholinergic nerve endings. In
the nerve endings, the toxin blocks the release of acetylcho-
line and produces the typical symptom of flaccid paralysis
(Anniballi et al. 2013). The period of incubation and dise-
ase severity depends on the amount of toxin ingested and
the animal’s sensitivity to BoNTs. The course of the disease
varies from a few hours to a few days, and the mortality
rate is close to 100% (Moreira et al. 2014).

The initial clinical signs observed in cattle and buffaloes
are impaired mobility, incoordination of the hind limbs, and
a cranial progression of paralysis. In the final stage, the ani-
mal enters a pre-agonal state, followed by coma and death
due to cardiac arrest. During the course of the disease, the
psychological condition of the animal remains unchanged.
Alterations at necropsy are negligible and limited to pete-
chiae in the myocardium due to the respiratory distress that
precedes death (Moreira et al. 2014). Definitive diagnosis
is based on the detection of BoNTs using a mouse bioassay
(Bano et al. 2015) which is the gold standard test for the
detection and characterization of botulinum toxins (Linds-
trom & Korkeala 2006). In ruminants, the biological samples
of choice for the study of toxins are liver samples, intestinal
and ruminal contents, and samples of food and water recen-
tly consumed by the affected animals (Kelch et al. 2000).
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Botulism in animal production has a strong economic
impact due to the high mortality rates (Moreira et al. 2014).
The Food and Agriculture Organization of the United Na-
tions (2014) reported that the population of buffaloes
(Bubalus bubalis) worldwide is approximately 195 million
heads. Brazil has a herd of an estimated 1.3 million bu-
ffaloes and is at present the largest producer of buffaloes
in the Western world (FAO 2014). Most of these animals
(493,000, 37.4% of the Brazilian herd) are located in the
state of Para (IBGE 2014), where they are reared within the
Amazon region and are well adapted to the tropical clima-
te and extensive grazing (Borghese & Mazzi 2005). Despite
the high number of buffaloes, the real impact of botulism
in buffaloes in Brazil is not known because it is not a noti-
fiable disease and only few studies have evaluated the oc-
currence of this disease in buffaloes. In addition, those stu-
dies evaluated clinical signs and epidemiological data, but
did not conduct diagnostic tests to confirm the presence of
BoNTs (Langenegger & Dobereiner 1988).

The objective of the present study was to describe three
outbreaks of botulism in buffaloes in the Brazilian Amazon
region considering epidemiological and clinical data as well
as laboratory diagnosis to confirm the presence of BoNTs.

MATERIALS AND METHODS

Case history. The outbreaks occurred on two farms located in
the municipalities of Marituba (01° 21°19” S, 48° 20’31"W) and
Tailandia (02° 5650“S, 48° 57°11"W) in the state of Par4, in the
Brazilian Amazon region. These farms did not have a history of
vaccination for botulism and only performed vaccinations against
foot-and-mouth disease and brucellosis and dewormed calves at
birth.

First outbreak. The farm located in Marituba requested veteri-
nary care 29 days after the first deaths of buffaloes. The farm ow-
ner reported that 21 Murrah buffaloes (one male and 20 females)
aged approximately 36 months were purchased and transferred
to a pasture of approximately two hectares. Three buffaloes died
during the afternoon of the day of arrival. In addition, starting on
the second day, the animals were supplemented with grass silage
(Pennisetum purpureum var. Cameron) and a diet based on corn-
meal and cassava chips, because of a limited food supply. Betwe-
en days five and seven, three buffaloes presented with sternal
recumbency and inability to stand; but the psychological state
did not change, and the animals died 48 hours after the onset of
clinical signs. On the 29th day after the first deaths, veterinarian
care was provided by professionals from the Large Animal Unit of
the Institute of Veterinary Medicine of the Federal University of
Para (Instituto de Medicina Veterinaria, Universidade Federal do
Para (IMV/UFPA). The clinical examination of one buffalo found
in sternal recumbency revealed inability to stand, flaccid paraly-
sis, head turned to the side but psychological state preserved. Be-
cause of these debilitating conditions, the buffalo was euthanized,
necropsied, and samples of liver, brain, spleen, kidney, lung, and
heart were collected in formalin for histological examination. Li-
ver samples, ruminal and intestinal contents were collected and
refrigerated for microbiological examination. The other 14 buffa-
loes of the herd did not exhibit any symptoms or changes.

During inspection of the farm, no traces of bones were found
on the pasture or in feeding troughs. However, the only water
source for these animals was abandoned fish tanks, and the wa-
ter contained mud and dead fish. The tanks did not have a water
recycling system and were supplied with rainwater and waste
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from a nearby pigsty. The buffaloes used these tanks for drinking
and bathing. Another bufalo died in the morning of day 30. Ne-
cropsy was performed, and samples of the same clinical speci-
mens of the sacrificed buffalo before were collected. On the same
day, five water samples were collected from the water tanks and
feed system and stored in refrigeration for a mouse bioassay be-
cause of the suspicion of waterborne botulism.

Second and third outbreaks. The second and third outbre-
aks occurred in a farm located in the municipality of Tailandia.
The farm owner reported that the first outbreak occurred in De-
cember 2015, when 200 Murrah buffalo cows aged approximately
24 months were introduced into a pen, with an area of about 100
hectares, containing fodder of Panicum maximum cv. Mombasa
and Brachiaria brizantha cv. Marandu. Six buffalo cows died 24
hours later. On the same day, the live bufaloes were removed from
the pen, and no additional deaths occurred.

The second outbreak occurred in February 2016, when 300
Murrah buffalo cows aged approximately 24 months were intro-
duced into the same pen. Fourteen buffaloes died the following
day. The live buffaloes were removed from the pasture, and again,
no additional deaths occurred. The farm owner reported that dea-
ths occurred only in buffaloes with access to this pen. In addition,
approximately 250 buffalo cows were introduced into this pen
between September and October 2015, and no deaths occurred.
Four days after the last outbreak, a veterinary consultation was
performed by professionals from the Large Animals Unit of IMV/
UFPA, who inspected the pen and did not find the presence of Pa-
licourea marcgravii or Palicourea juruana, which are toxic plants
commonly responsible for sudden deaths in cattle and buffaloes
in the Amazon region. However, they found bones at the edges of
a reservoir that measured about 100m?* and which was the main
water source of this pen. The farm owner reported that this reser-
voir was supplied by rainwater and dried out during the dry sea-
son (July to November), at which time the buffaloes used a small
creek for their water supply. Five water samples from the reser-
voir were collected and refrigerated for the analysis of BoNTs.

Mouse bioassay. Samples collected from sacrificed buffaloes,
and the feed and water samples were subjected to confirmatory
diagnostic tests for botulism in the Laboratory of Microbiology
of IMV/UFPA using the serum neutralization test in mice with
BoNTs serotypes C and D, according to the methodology of Sebald
& Petit (1997).

RESULTS

The necropsy and histopathology findings revealed no ma-
croscopic or microscopic changes. The results of the bioas-
say were negative in all tissues and feed samples, but po-
sitive for BoNT C in all the water samples. Mice inoculated
with water samples presented dyspnea and a wasp-like
narrowed waist, with subsequent death. The mice that re-
ceived the mixture of water samples and type D botulinum
antitoxin also died. However, those that received the mix-
ture of water samples and type C botulinum antitoxin or
water samples heated to 100°C survived.

DISCUSSION

The symptoms observed in the affected buffaloes, including
sudden death, sternal recumbency, inability to stand, and
flaccid paralysis, were similar to those described in botu-
lism outbreaks in ruminants, and the absence of macros-
copic and microscopic pathological changes corroborated
the results of previous studies, which reported the lack of

major changes or the presence of mild changes (Senturk &
Cihan 2007, Myllykoski et al. 2009, Moreira et al. 2014).

The negative bioassay results for the liver samples, in-
testinal and ruminal contents were not surprising since the
failure to detect BoNTs using the serum neutralization test
in ruminant tissues, despite clear symptoms of botulism, is
not uncommon. The difficulty to detect botulinum toxin in
animal tissue samples using this technique has been repor-
ted in other studies and is justified by rapid degradation of
the toxins, particularly type C toxin, by the ruminal micro-
flora and the higher sensitivity of ruminants to BoNTs com-
pared with mice, which are less sensitive in the bioassay
(Kelch et al. 2000, Myllykoski et al. 2009, Bano et al. 2015).

The waterborne spread of BoNTs in cases of botulism
outbreak in buffaloes seems to play an important epidemi-
ological role in the transmission of the disease (Langeneg-
ger & Dobereiner 1988, Silva et al. 1998); nevertheless,
these studies did not conduct laboratory tests to confirm
the presence of BoNTs. The detection and identification
of type C BoNTs in water samples (from the main or only
source of water) in the bioassay and serum neutralization
tests in this study confirmed the occurrence of waterborne
botulism in buffaloes. In all cases of botulism outbreaks de-
scribed previously (Langenegger & Dobereiner 1988, Silva
et al. 1998) was observed that the water sources used by
buffaloes exhibited favorable conditions for the multipli-
cation of Clostridium botulinum, including the presence of
dead animals or bones. This also happened in the outbreaks
described in this study where dead fish and swine waste
were found in the only source of water in the first outbreak,
and bones close to the main water source in second and
third outbreaks; both are probably the origin of the water
contamination. Sources of stagnant water can be respon-
sible for the waterborne spread of BoNTs leading to botu-
lism outbreaks in ruminants, particularly in the presence of
carcasses, mud, and high concentrations of organic matter,
combined with the development of anaerobic conditions,
which favor the multiplication of the bacillus and formation
of spores of C. botulinum (Langenegger & Dobereiner 1988,
Silva et al. 1998, Dutra et al. 2001, Souza et al. 2006).

A striking characteristic of buffalo production is the
need for water collections in the grazing area to serve as
water sources not only for drinking but also for bathing,
considering the limited thermoregulation in these animals
because of the small amount of sweat glands and charac-
teristically dark hides, which increase their sensitivity to
sunlight (Damasceno et al. 2010). Therefore, the presence
of water pools in the grazing area is common. However-
sanitary issues are ignored, including the water quality,
and carcasses and bones are often present near the water
sources, which foster the development of the ubiquitous
C. botulinum microorganism and the production of BoNTs
(Langenegger & Dobereiner 1988, Dutra et al. 2001, Souza
etal. 2006).

CONCLUSION

The clinical-pathological findings and the epidemiological
characteristics of the region such as the existence of orga-
nic matter and dead animals or bones in the water, high
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morbidity and mortality in a short period of time, associa-
ted with the detection and identification of type C BoNTs
in water samples, confirmed the occurrence of waterborne
botulism in buffaloes in the described outbreaks.
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