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Abstract

A herd of 53 Angus x Charolais crossbred cows and 1
herd bull grazing a stubble field broke through an electric
fence, and gained access to stagnant water from a small
river (Ribeira de Oeiras). In less than 19 hours, 20 cows
died and 5 were sick with clinical signs of ataxia, recum-
bence, abdominal distension, opisthotonus, paddling and
masticatory movements, frothing at the mouth, and bloody
diarrhea. The 5 sick cows later died, and the remaining 29
animals remained healthy. Clinical and pathological findings
revealed the presence of hepatic and renal necrosis. In the
water samples, several cyanobacterial species were identi-
fied, predominantly belonging to the toxic genera Microcystis.
Altogether, these observations led to a tentative diagnosis
of acute hepatoxicity caused by cyanotoxins. The diagnosis
was confirmed by detection of microcystin-LR in the kidney
from 1 animal. To our knowledge, this is the first report of
microcystin-LR animal poisoning in Portugal.
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Résumé

Un troupeau de 53 vaches Angus x Charolais avec un
taureau au paturage dans un champ de chaume est passé a
travers une cloture électrique et a eu acces a de I'eau stag-
nante d'une petite riviére (Ribeira de Oeiras). En moins de
19 heures, 20 vaches sont mortes et cinq étaient malades
avec des signes cliniques incluant I'ataxie, le décubitus, la
distension abdominale, 'opisthotonos, le pédalage et des
mouvements de mastication, la bouche écumeuse et la

diarrhée sanglante. Les cinq vaches malades sont mortes
subséquemment mais les 29 autres animaux sont demeurés
en santé. Les constatations cliniques et pathologiques ont
révélé la présence de nécrose hépatique et rénale. Dans des
échantillons d’eau, plusieurs especes de cyanobactéries ont
été identifiées particulierement du genre toxique Microcystis.
Somme toute, les observations suggéraient un diagnostic pré-
liminaire d’hépatotoxicité aigué associée a des cyanotoxines.
Ce diagnostic a été confirmé par la détection de microcystine-
LR dans le rein d’un des animaux. A notre connaissance, ceci
est le premier cas d’empoisonnement a la microcystine-LR
rapporté au Portugal.

Introduction

Cyanobacteria are photosynthetic prokaryotic organ-
isms with vast adaptation to several environments. They are
mostly present in aquatic environments where they can form
blooms (excessive growth) and scums on surface water under
suitable conditions. Blooms are often associated with the
production of bioactive compounds including cyanotoxins,
resulting in water quality impairment and health hazards,
thus posing public health risks.>*® Microcystins are a group
of ubiquitous cyanotoxins present in high amounts in cya-
nobacterial bloom biomass (up to 1% of dry weight),' and
are the most commonly reported cyanotoxins in Portugal.®®
This group comprises more than 246 different structural
variants of cyclic heptapeptides,?® differing in 2 amino ac-
ids, and microcystin-LR (MC-LR - with leucine and arginine,
respectively) is the most frequently detected worldwide.?
Main routes of exposure to microcystins are the ingestion of
contaminated water or food, dermal contact, or inhalation
of contaminated water. Toxic effects are observed mainly in
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the liver.® These cyclic heptapeptides exert their hepatotox-
icity through protein phosphatase inhibition and may cause
haemorrhage and enlargement of the liver to several times
itsnormal size. The acute hepatotoxicity is congener specific;
intraperitoneal LD, in mice ranges from 50 to 1200 ug/kg
body weight, with a value of 50 pg/kg body weight for MC-
LR.3! However, renal and neurotoxic effects have also been
reported for some variants.*3!%!* Concern regarding human
cyanotoxin intoxications,!' namely microcystins, resulted
in the WHO establishment of a guidance value for drinking
water of 1 pg MC-LR/L.

There are worldwide reports of animal intoxications
in livestock, with both wild and domestic animals poisoned
during cyanobacterial blooms in surface water.>®* However,
the number of such descriptions is probably underestimated
and in Portugal, to our knowledge, there are no case reports.
The increasing characterization and knowledge of these
intoxication cases is pivotal for preventing poisonings of
pets and livestock, attending its role as indicators of human
health risks.

The purpose of the present report is to describe the
environmental, clinical, and pathological findings associ-
ated with sudden death in 25 cattle caused by acute MC-LR
exposure.

Case Details

This paper describes sudden death of 25 cows in a
herd of 54 beef cattle (53 cows and 1 bull) near Almodévar,
Alentejo, in the South of Portugal. Cattle were Aberdeen-
Angus and Charolais cross, ranging from 1.5 to 4 years of
age. They were grazing a stubble field for about 3 weeks, and
on August 28, 2017 the animals broke the electric fence that
bordered the field and gained access to stagnant water from
a small nearby stream (Ribeira de Oeiras). All the animals
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were healthy when checked by the herdsman at about 12:00
noon on Sunday, August 27. At that time they were resting
under the shade of trees and in bushes surrounding the Oeiras
stream, which is normal behavior that time of the year. It is
common for cattle to graze in the evening as the temperature
declines. On the 28th of August at 7:00 a.m., the herdsman
found 20 dead cows scattered across the pasture and 5 sick
cows. The other 29 animals did not show any clinical signs
during the following weeks after the occurrence. In the same
time period, the death of a heron in the Oeiras stream was
reported. The Oeiras stream is situated in the South of Por-
tugal, in a region that is characterized by high temperatures,
high sunlight incidence, and periods of drought (Figure 1).

The dead animals were in good body condition and hair
coats were normal. There was marked abdominal bloating,
opisthotonus and soil excavation marks resulting from pad-
dling movements in the terminal phase of the illness (Figure
2). In addition, there was blood-tinged froth and abundant
blackened blood from the mouth and nostrils; the facial hair
had a yellowish mud-like stain (with a sulphurous color);
the eyeballs appeared sunken; and the conjunctiva and the
third eyelid presented a violaceous color. There were signs of
excessive lacrimation in some of the dead animals. Moreover,
the animals exhibited diarrhea with darkened blood in the
stools, the rectal mucosa was cyanotic with a mild prolapse,
the vaginal mucosa presented a violaceous color, and the
skin in the perianal region displayed punctiform hemor-
rhages (Figure 2). Histopathological examination of the liver
revealed scattered multifocal necrosis lesions. There was
diffuse tubular necrosis in the kidney, particularly severe in
the cortex. Tissues and organs, ruminal content, and water
were analyzed for heavy metals, specifically copper, lead, and
arsenic. All heavy metal levels were within the normal range,
with the exception of 1 kidney sample which had a copper
level of 48 mg/kg (reference value <17 mg/kg).?

Figure 1. Cattle intoxication with cyanobacteria. A) Geographical localization; B) Oeiras Stream with a cyanobacterial bloom.
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B) Dorsiflexion of the head and neck (opisthotonous); sunken eye; bloody foam in nostrils; blood in mouth; C) Bloody diarrhea and melena;
D) Mouth hemorrhage; E) Third eyelid and conjunctiva mucosa violaceous; F) Foam in nostrils, blood and foam in the mouth and tearing.

Histopathological analysis of the liver revealed a well-
preserved parenchyma, with a few foci of scattered hyaline
necrosis, some containing numerous long rod bacteria. Ne-
crosis of dispersed hepatic cells and small foci of interlobular
infiltration by mononuclear cells (lymphocytes, plasma cells
and rare macrophages and neutrophils) was also evident.
In the kidney, there was diffuse tubular necrosis, particu-
larly severe in the cortical region, although there were tubes
formed by necrotic cells frequently seen in the medullary
area of the kidney. Occasionally foci of inflammatory infiltra-
tion by mononuclear cells in the interstitial tissue near the
renal pelvis was also detected. These lesions were sugges-
tive of dispersed multifocal necrosis triggered by bacterial
toxins of intestinal origin, e.g. enterotoxemia. The presence
of rod-shaped bacteria in the liver without signs of autolysis
suggests intestinal microbial, and the bacteria could have
reached the liver through postmortem circulation through the
portal vein. Differential diagnosis also included Clostridium
perfringens type D infection, organophosphate and carba-
mate pesticide poisoning, nitrate/nitrite poisoning, water
deprivation-sodium ion toxicosis, and neurotoxic plants.!®

The liver, kidneys, and feces were analyzed for cyano-
toxins by analytical chemistry and immunoassays,!” specifi-
cally microcystins, saxitoxins, and anatoxin-a. The level in
the kidney was 0.13 pg microcystin-LR/g. None of the other
cyanotoxins were detected in the remaining samples.

The water sample collected after the outbreak (October
24,2017) presented a diversified phytoplankton community,
with predominance of cyanobacteria (70% of total phyto-
plankton). Microcystis was the main genera found (66% of

the cyanobacterial species; Figure 3). Total microcystins were
detected at low concentrations (0.16 ug/L).

Discussion

Cyanobacterial blooms are an increasingly frequent
phenomena, and it was estimated that 25 to 75% of cyano-
bacterial blooms are toxic.! There are worldwide reports
of animal intoxications associated with the occurrence of
cyanobacterial blooms in surface waters.?* Francis reported
the first documented case of cyanotoxin poisoning in animals
in Australia in 1878.1° Wood reviewed 406 published cases
reported from 1800 to 2010, and most cases were in dogs,
followed by livestock.?® Nearly a quarter of the incidents were
reported in Europe (23%), and the United States had the
highest number of reported cases. An interesting example of
animal poisoning by cyanobacteria occurred in Switzerland,
where more than 100 cattle deaths were attributed to mi-
crocystin poisoning during the last 2 decades.? Microcystins
present a constant threat to pastured animals because of
their persistence in ponds and streams. Cattle readily drink
contaminated water, even consuming algal mats, and poison-
ings appear to be on the rise.

The number of structural variants frequently presentin
surface water blooms makes estimating toxicity difficult.?” It
is reported that cyanobacteria generally produce in average
4 microcystin congeners,”® but strains that produce up to
47 microcystin congeners have been reported.’ In Portugal,
although microcystins seem to be the most common toxins,?
there are reports related to saxitoxins,*! anatoxin-a,'° cylin-
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Figure 3. Phytoplankton composition in the water. The graphic on the left shows the relative abundancy of cyanobacteria and other groups. On the

right is presented the cyanobacterial species composition.

drospermopsin,'® and BMAA.® This should be considered
when monitoring the toxin.

In this case report, the diagnosis of fatal blue-green
algae toxicity in 25 cows was based on the characterization of:
1) clinical and pathological findings; 2) exposure to stagnant
water from a small river; 3) microscopic identification of toxic
cyanobacteria in water; and 4) detection of microcystin-LR
in the water and kidney samples. The clinical signs observed
in the dead animals were consistent with acute microcystins
exposure, such as diarrhea, recumbency, and foam from
the mouth.? However, gross observation of the liver did not
reveal classical signs of microcystins intoxication, such as
hepatomegaly, hemorrhage, and/or necrosis. Although the
liver is the primary target organ, toxic effects on the kidney
are also reported!>!*32 with similar mechanisms of toxicity
as in the liver.”152¢ Moreover, the kidneys also excrete micro-
cystins and higher concentrations were found compared to
the liver in rats.* The LD, dose for microcystins vary from
50 up to 1200 pg/kg (microcystin-LR hasa LD, of 50 ug/kg),
compared to 500 pg/kg for strychnine and 10,000 pug/kg for
sodium cyanide, 2 known strong poisons.® They also have a
steep dose-response curve, and clinical signs of intoxication
are generally observed only when an animal is exposed to a
near-lethal dose.®

The cyanobacterial species found in the Ribeira de
Oeiras included Microcystis icthyoblabe and Microcystis we-
senbergii, both of which produce microcystins.?*?? However,
the species found in this case are not the most toxic, and the
delay in collecting the water sample for analysis may have
impaired identification of the cyanobacterial species present
atthe time of the outbreak. Contrary to other cases, a specific
diagnosis was made based on the detection and identification
of microcystins in the tissue samples and the persistence of
the toxic cyanobacteria in the stream. It is important that
sampling include both animal tissues and water the animals
were exposed to. This is important to diagnose cyanobacteria
intoxications cases in animals.
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