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Summary

This case report documents a clinical case of
blue-green algae toxicosis, caused by micro-
cystin toxins, in 5-week-old pigs. Mortality
during the investigation was elevated by ap-
proximately 7.5% in three affected groups,
with a final mortality of 11.4%, and 50% of
the population demonstrating clinical signs of
various degrees. Affected pigs grew slowly and
had distended abdomens. Histological ex-
amination of tissue samples revealed hepatic
centrilobular necrosis with chronic-active

periacinar individual hepatocyte necrosis
and regeneration or centrilobular hepatocyte
necrosis with hemorrhage. Additional test-
ing of the feed revealed no toxicity concerns.
Algae were present on the surface of a small
area of standing water near the pond that
had a waterway to the main water supply.
There was a small waterway that connected
the standing water to the main pond. Water
sampled from that small area tested positive
for microcystin. On the basis of these find-
ings, it was determined that the toxicity was

caused by algae growth in that area. The af-
fected arca was removed to prevent further
exposure, and no clinical signs have been pres-
ent since the standing water area was drained.
To the knowledge of the authors, this report
describes the first documented case of micro-
cystin toxicosis in nursery pigs.

Keywords: swine, algae, microcystin, nurs-
ery pig

Received: September 1, 2016
Accepted: December 7, 2016

Resumen - Intoxicacion por microcistina
en lechones de destete

Este reporte documenta un caso clinico de
intoxicacién por algas azul verdosas, causada
por las toxinas de microcistinas, en cerdos de
5 semanas de edad. Durante la investigacion,
la mortalidad se elevé aproximadamente un
7.5% en tres grupos afectados, con una mor-
talidad final de 11.4%; 50% de la poblacién
mostrd signos clinicos de varios grados. Los
cerdos afectados crecieron lentamente y
presentaron abdomen distendido. El examen
histolégico de muestras de tejido reveld ne-
crosis centrolobulillar hepdtica con necrosis
hepatica individual periacinar cronica activa
y regeneracion o necrosis hepatocitica cen-
trolobulillar con hemorragia. Las pruebas
adicionales del alimento no revelaron prob-
lemas importantes de intoxicacién. Habfa
algas en la superficie de un 4rea pequefia de
agua estancada cerca del estanque que tenfa
un canal al suministro principal de agua.
Habia un pequefio canal que conectaba el
agua estancada con el estanque principal. La
muestra del agua de esa pequena 4rea resultd
positiva a la microcistina. En base a estos
hallazgos, se determiné que la toxicidad fue

causada por el crecimiento de algas en esa
drea. Se elimind el drea afectada para preve-
nir mayor exposicién, no se han presentado
signos clinicos desde que se drend el 4rea
del agua estancada. De acuerdo a lo que los
autores, este reporte describe el primer caso
documentado de intoxicacién por microcis-
tina en lechones de destete.

Résumé - Toxicose causée par la microcys-
tine chez des porcelets en pouponniére

Le présent rapport documente un cas cli-
nique de toxicose 4 la microcystine causé par
des cyanobactéries (algues bleu-vert) chez
des porcelets 4gés de 5 semaines. Le taux de
mortalité durant cette enquéte était aug-
menté denviron 7,5% dans les trois groupes
affectés, avec un taux de mortalité final de
11,4%, et 50% de la population montrant
des signes cliniques & différents degrés. Les
porcs affectés avaient une croissance ralentie
et des abdomens distendus. Un examen his-
tologique d’échantillons de tissu a révélé une
nécrose hépatique centrilobulaire avec une
nécrose chronique-active des hépatocytes
péri-acinaires individuels et régénération ou
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nécrose des hépatocytes centrilobulaires avec
hémorragie. Des tests supplémentaires effec-
tués sur aliment n'ont pas révélé d'évidence
de toxicité. Des algues étaient présentes a

la surface d’une petite zone d’eau stagnante
proche de étang qui avait un canal jusqu’a

la source principale d’approvisionnement en
cau. Il y avait un petit canal qui connectait
l'eau stagnante avec Iétang principal. De l'eau
prélevée de la petite zone éeait positive pour
la présence de microcystine. A la lumiére de
ces résultats, il a été déterminé que la toxicité
était causée par la croissance des algues dans
cette zone. La zone affectée a été retirée afin
de prévenir une exposition future, et aucun
signe clinique ne fut détecté suite au drain-
age de I'eau stagnante. A la connaissance des
auteurs, le présent rapport décrit pour la
premiere fois une toxicose liée  la microsys-
tine chez des porcelets en pouponnicre.

icrocystins are toxins produced
by freshwater cyanobacteria.!
Microcystin-LR is a common
microcystin. When in high concentrations
(such as algae blooms), ingested microcystin
toxins inhibit phosphatases 1 and 2A in the
liver, causing hemorrhaging. Microcystin
toxins may also be associated with gastro-
enteritis and renal necrosis.> Blue-green
algae blooms generally occur during summer
months and do not always contain deadly
toxins. However, certain species of algae do

bloom in the winter.34

Some animal facilities in the United States
utilize surface water for supply to livestock.
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The water for ponds is supplied from wa-
tersheds during rainfall and snow melt.

Field tiles often drain into the watershed
supplying the pond. As the water from the
pond enters the animal facility, it is generally
treated for bacterial and viral pathogens with
products such as chlorine, chlorine dioxide,
hydrogen peroxide, or ozone.>® These prod-
ucts are effective against bacteria and viruses
and can help reduce algae growth in the
water lines inside the facility; however, they
are not effective against pre-formed algae
toxins that may already be present in the

pond water.”8

Previous studies™? have documented the im-
pact of the toxins on liver function; however,
little information is currently present describ-

ing cases of accidental ingestion in swine.”?

Case description

Herd description. This facility was under
veterinary care and certified by the Pork
Qliality Assurance (PQA; National Pork
Board). The case herd was established in
2013 as a 2500 breed-to-wean facility main-
taining PIC 1050 females, with an attached
on-site isolation and gilt developer. The herd
was stable for Mycoplasma hyopneuwmoniae

and negative for porcine reproductive and
respiratory syndrome virus, porcine epi-
demic diarrhea virus, porcine delta corona-
virus, and transmissible gastroenteritis virus
infections. Drinking water for livestock

was from an adjacent pond (approximately
17,000 m?) that was naturally filled via
watershed. The water was treated with hy-
drogen peroxide in a holding tank prior to
use within the sow facility. The isolation
rooms were the point of water entry into the
facility. Replacement females were delivered
to the facility as isolated weaned pigs at ap-
proximately 21 days of age. One hundred
and thirty newly weaned gilts were delivered
every 28 days. Three days prior to weaning,
piglets received 1 mL of Ingelvac Circoflex
(Bochringer Ingelheim, St Joseph, Missouri)
and 1 mL of Enterisol Ileitis (Bochringer
Ingelheim). Additional vaccinations were
given to control for porcine parvovirus, Lep-
tospira interrogans serovars, erysipelas, and
influenza A virus. Upon selection, gilts were
entered into the gestation facility of the farm
for their first gestation. A local feed mill
manufactured the feed for the facility, with
feed formulated to meet or exceed National
Research Council!? recommendations.

Clinical description. Pigs presented with
clinical signs at approximately 5 weeks of
age, starting mid-November 2015. It was sus-
pected that sudden death, the initial clinical
presentation, was associated with Streptococ-
cus suis septicemia. Initial treatment to miti-
gate the potential bacterial infection did not
appear successful. The attending veterinar-
ian (DMC) observed that when injectable
medications were given, the population did
not respond to the therapeutics, and daily
and weekly mortality numbers appeared to
increase after treatment.

In the three consecutive groups of replace-
ment females affected, the first and third
groups (birth dates September 16,2015, and
November 11, 2015) prevalence of clinical
signs appeared to be higher, and, in addition,
in these three groups, nursery mortality was
clevated above the average nursery mortal-
ity of 2.3% (Figure 1). Slow growth and
distended abdomens were initially reported
in both replacement groups (Figure 2). Fifty
percent of the pigs were clinically affected
and 50% of the mortality was listed as sud-
den death. No cough or respiratory distress
was present and no abnormal bowel move-
ments were noted. No pattern of illness was

Figure 1: A clinical case of blue-green algae toxicosis was caused by microcystin toxins in 5-week-old replacement gilts located
in the US Midwest during the fall and winter period of 2015-2016. Animals arrived on farm approximately 21 days after their
birth dates and remained on the farm during the course of the observation period in the gilt developer unit. Clinical signs noted
in the isolation nursery persisted in the gilt development barn in three cohorts of replacement females. Mortality during the in-
vestigation was elevated by approximately 7.5% in the three affected groups, with 50% of the population demonstrating clinical
signs of various degrees. Affected pigs grew poorly, had distended abdomens, and histologically exhibited hepatic centrilobular
necrosis with chronic-active periacinar individual hepatocyte necrosis and regeneration or centrilobular hepatocyte necrosis
with hemorrhage. The percent of mortalities each week throughout the observation period is shown, with the dates represent-
ing the birth dates of the cohorts. The August 19t birth group is a baseline group to demonstrate average mortality immediate-
ly prior to the first group showing signs of microcystin toxicosis. Birth groups that arrived after the three clinically affected birth
groups are presented in the graph to further demonstrate the impact of the toxicosis on mortality.
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Figure 2: Clinically affected pig, as described in Figure 1, with a distended abdo-
men (arrow) and poor growth as the initial clinical signs of microcystin toxicosis.
Paracentesis of the abdomen of euthanized pigs resulted in no fluid collected;
however, necropsy of pigs that died consistently demonstrated severe ascites.
Clinical signs appeared at approximately 5 weeks of age, starting mid-November
2015. As described in Figure 1, the prevalence of clinical signs in the three con-
secutive groups of replacement females affected appeared to be higher in the first
and third groups (birth dates September 16,2015 and November 11, 2015). In all
three groups, mortality was elevated above the average nursery mortality of 2.3%.

noted by pen or by room. Paracentesis of the

abdomen of euthanized pigs resulted in no
fluid collected; however, necropsy of pigs
that died demonstrated severe ascites con-
sistently present. Replacement females from
the same source as this sow farm did not
present with similar clinical signs during the
same time period; however, the source farm
did have downstream reports of .S suis men-
ingitis and septicemia. Tissue samples (brain,
colon, heart, joint swab, kidney, liver, lung,
mesenteric lymph nodes, oral fluids, serum,
small intestine, spinal cord, spleen, stomach
contents, tonsil, and urine) were submitted to
Iowa State University Veterinary Diagnostic
Laboratory (ISU VDL; Ames, lowa) and
University of Minnesota Veterinary Diag-
nostic Laboratory (UMN VDL; St Paul,
Minnesota) at various time points during the
period when clinical signs were observed.
Both diagnostic laboratories conducted bac-
teriologic and histopathologic testing, liver
mineral panels, and molecular diagnostics. In
addition, ISU VDL tested water samples for
toxins and for nitrates and nitrites.

Laboratory findings. Initial tissue samples
submitted in November did not confirm an
etiologic diagnosis, hence continued sam-
pling and laboratory submissions occurred as
differentials were identified and eliminated
from consideration. Samples of feed, serum,
tissues, and water were submitted at various

times during the period of November 2015
until March 2016 for toxin screening of the
feed and water, as well as further pathogen
screening and histopathologic and toxicosis
evaluations of the tissues. A timeline for
sample submission and test results is demon-
strated in Figure 3.

Gross lesions. The predominant changes
observed grossly in virtually all pigs were
swollen livers with rounded edges and vari-
able fibrous adhesions to the peritoneum
(Figure 4). However, most livers had varying
degrees of locally extensive hemorrhage and
congestion, an accentuated lobular pattern,
and often generalized yellowish discolor-
ation consistent with icterus (Figure 5).

Histopathologic examination. Microscopy
of livers in affected pigs presented with
massive centrilobular necrosis, with chronic-
active periacinar individual hepatocyte
necrosis and regeneration, or with severe,
diffuse centrilobular hepatocyte necrosis
with sinusoidal distention. Lesions appeared
subacute in most examined pigs. In addi-
tion, centrilobular congestion with loss of
hepatocytes and disruption of hepatic cord
morphology was a common feature. Hepato-
cytes in periportal areas were unaffected, and
periportal connective tissue, blood vessels,
and bile ducts were normal in morphology.
Other salient features included scattered foci

of extramedullary hematopoiesis and thick-
ening of the liver capsule with fibrosis and
fibrin accumulation in some pigs. All other
submitted tissues (brain, heart, lung, spleen,
spinal cord, and tonsil) were unremarkable.
No myocardial lesions were present.

Bacteriologic and virologic testing.
Hemophilus parasuis was present in the brain
sample collected on November 10, 2015;
however, no lesions were detected during
histopathologic review of the brain tissue.
No significant growth of bacterial pathogens
was present in the additional eight sets of
samples from subsequent submissions. Nei-
ther Mycoplasma hyorhinis nor Hemophilus
parasuis was detected by polymerase chain
reaction in any samples after November 10,
2015. Likewise, evidence for involvement of
porcine circovirus type 2, porcine reproduc-
tive and respiratory syndrome virus, and
influenza type A virus was consistently lack-
ing by clinical, pathological, and microbio-
logical assessments.

Blood chemistry. Ten blood samples (five
from affected pigs and five from clinically
normal cohorts) were collected and the
serum was submitted December 10, 2015.
In all samples, potassium, phosphorus, and
alkaline phosphatase (> 130 IU per L) were
clevated. Total protein concentrations were
low. In three affected pigs, creatine kinase
was elevated (> 2500 IU per L), and in four
affected pigs, troponin concentrations were
clevated (> 0.07 ng per mL). In four affected
pigs, aspartate transaminase (AST) con-
centrations were elevated. Reference ranges
provided by the testing diagnostic facility
for cach of these tests are as follows: potas-
sium, 4 to 7 mEq per L; phosphorus, 4 to

9 mg per dL; alkaline phosphatase, 25 to
130 IU per L; total protein, 7 to 8.9 mg per
dL; creatine kinase, 100 to 2500 IU per L;
troponin, < 0.07 ng per mL; AST, 10 to
100 IU per L.

Toxin screening. Evaluation of toxic or
idiosyncratic hepatic insults in Novem-

ber included screening for drugs, metals,
mycotoxins, and organic compounds.
Niacinamide and cholesterol were detected
in the liver by gas chromatography-mass
spectrometry (GC-MS) examination, but
were not considered toxic in this case. No
unusual organic compounds or concerning
concentrations of trace minerals (cadmium,
calcium, chromium, cobalt, copper, iron,
magnesium, manganese, molybdenum, phos-
phorus, potassium, selenium, sodium, and
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Figure 3: Timeline of sample submissions and findings for nursery pigs affected by microcystin toxicity in the case described in

Figure 1. CK = creatine kinase; alk phos = alkaline phosphatase; GC/MS = gas chromatography-mass spectrometry.

12/2/2015: Many pigs now with distended
abdomens. Histopathology: severe centrilobular
loss of hepatocytes. Bacteriology, virology: no
significant findings.

11/10/2015: Pigs found dead, Streptococcus suis
septicemia suspected. Histopathology: no brain
lesions; visceral congestion; multifocal centrilobular
hepatic necrosis. Chemistry, trace minerals
unremarkable. Bacteriology, virology: no significant
findings. NOTE: Feb 2016: Liver from this
submission contained 3 ppb microcystin YR.

12/3/2015: Feed submitted for mycotoxin
screening. Fumonisin B1 found at 437 ppb in one
of two samples.

12/10/2015: Follow-up case. Histopathology:
hepatic centrilobular necrosis, extra-medullary
hematopoiesis. Bacteriology, virology: no significant
findings. Clinical pathology: 4/5 affected with
elevated troponin vs 0/5 cohorts; high CK and high
alk phos in affected pigs.

Differentials for ascites: congestive heart failure,
narasin toxicity, hepatopathies, kidney dysfunction,
micronutrients, and parasites.

12/31/2015: Liver submitted for toxicology screens:
GC/MS complete organic toxin screen detected
niacinamide and cholesterol (of no diagnostic
significance); trace mineral and toxic mineral analysis
within normal limits; 1 ppb of microcystin YR
detected in liver. Discussed metals, medications,
mycotoxins, chemicals, and plants as causative agents.

12/31/2015: Water sample from isolation, no
significant findings. Tests: coliforms, pH, trace
mineral, GC/MS panel, water quality, microcystins.

1/19/2016: Water samples from pond and holding
tank submitted with no significant findings on pH
or microcystins.

1/20/2016: Liver samples submitted. Histopathology:
consistent with previous cases. Liver from original
submission tested for microcystin: positive at 3 ppb
for microcystin YR.

2/18/2016: Water sample from isolation room
tested specifically for microcystins, positive for
microcystins LR and RR. Result released 4/15/2016.

3/1/2016: Water and algae sample collected from
observation area tested positive for microcystins
LR, RR, and YR.
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Figure 4: Initial necropsy findings of 5-week-old microcystin-affected pigs dem-
onstrated swollen livers with rounded edges and extensive fibrous adhesions to
peritoneum (case described in Figure 1).

Figure 5: Additional necropsy findings from 5-week-old pigs affected by micro-
cystins demonstrated livers with multifocal centrilobular hepatic necrosis (case
described in Figure 1).

zinc) were detected in liver per the reference
ranges provided by the testing diagnostic
facility. Vitamin E was 3.5 ppm in liver
tissue. A second liver mineral screen that
included heavy metals such as arsenic, lead,
and mercury was conducted on two pigs on
December 31, 2015, with similar findings.
Additional chemical analysis of liver toxicol-
ogy screening was performed on January 20,
2016, on tissue collected from the pigs that
were submitted on November 10, 2015. One
set of the tissues from that date tested posi-
tive for 3 ppb of microcystin YR in the liver
of an affected pig.

Additional testing. Feed samples from the
isolation barn were collected on Decem-
ber 3, 2015, and submitted to North Dakota
State University Veterinary Diagnostic
Laboratory (Fargo, North Dakota). Testing
for a panel of 12 mycotoxins in two feed
samples resulted in one non-remarkable
finding and one with 437 ppb of fumoni-
sin B1. A single water sample, collected De-
cember 31,2015, from the isolation room,
was tested. Water samples were all collected
using a clean bottle or container either by
holding the container under a water nipple
or directly inserting it into the water and
holding the container with a clean glove.
Water pH conducted by quick test in-house
was 7.6. The water was then submitted to
the diagnostic facility for additional test-
ing. Tests were conducted by GC-MS for
aliphatic hydrocarbons; alkyl benzenes;
antioxidants; carbamates; disinfectants;
drugs; heavy metals; industrial pollutants;
ionophores; natural products; organochlo-
rines; organophosphates; pesticides, plant
and fungal toxins; polycyclic aromatics;

and vitamins. In addition, the water was
tested for coliforms, pH, trace minerals, and
microcystins. The findings from that water
sample were not significant in that either no
chemicals were identified or that the nitrates,
pH, sulfates, and total solids all tested below
the recommended limits released by the diag-
nostic facility. Two additional water samples
were collected on January 19, 2016, from the
pond and the holding tank, with no clinically
significant findings associated with pH or
microcystins. A single water sample collected
from the isolation room on February 18,
2016, held at the ISU VDL, and tested for
microcystins in April of 2016, was positive for
microcystin LR and RR (3.4 ppb and 2 ppb,
respectively). One additional set of three wa-
ter samples was collected on March 1, 2016.
These samples were from an area southeast of
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the main pond in which there was standing
Figure 6: Water supply to the facility in the case described in Figure 1, with the

area of observation highlighted in white. This area was separated from the main
water supply with a small connecting stream (Panel A; arrow) shown in an im-
age captured February 22, 2016. Closer review showed areas with algae present
(Panel B; arrow). The small connecting stream is shown where it entered the main
water supply for the facility (Panel C; arrow).

water and algae growing on the surface of the
water. Upon further analysis of the area, a
small waterway connected the standing water
area with the main pond. The three samples
collected were just water from that area, and
two samples in which the algae was skimmed
off the surface to be tested directly. Both of

the two algae samples collected from the Water supply pond 8 Legend

area tested positive for microcystins LA, LR, :
RR, and YR (range of 3 to 33.7 ppb LA, 4.3
t0 9.9 ppb of LR, 5.4 to 14 ppb of RR, and
4.5 to 4.6 ppb of YR). The sample collected
from that standing water area was positive for
microcystins LR and RR (1 ppb and 1.6 ppb,
respectively).

Additional investigation and outcome.
Examination of aquifer and water supply in
January 2016 did not reveal algae blooms
or discoloration of the main water supply.
Snow cover was present during the time of
the observations. Additional investigation
of the water supply on February 22, 2016,
led the attending veterinarian (DMC) to an
area of standing water (506 m?) nearby in a
wooded area next to the main water supply
(Figure 6A). Algae growth was present in this
arca, and after further evaluation (Figure 6B),
it was determined that a small waterway from
this area entered the facility’s pond near the
point of the intake pump (Figure 6C). Due
to the presence of algae during the winter
season, DMC documented environmental
temperatures (Figure 7) to determine if the
temperatures were high enough to support
algae growth in the winter. Furthermore, the
standing water was removed by reshaping
the ground topography to allow for rainfall
to flow into the main pond instead of sit-
ting on flat ground. Clinical signs have not
returned.

During this period of investigation
(November 10, 2015 through March 1,
2016), pigs with severe clinical signs were
humanely euthanized. All other animals re-
mained at the facility under observation. As
of July 11, 2016, mortality was elevated in
all three affected groups identified for birth
weeks September 16, 2015, through Novem-
ber 11, 2015. Mortality rates were 15.6% for
birth week September 16, 2015; 7.9% for
birth week October 14, 2015; and 10.8% for
birth week November 11,2015, compared
to the average mortality rate (2.3%) before
and after these groups. No new groups have
been affected.
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Figure 7: Ambient temperature from November 2015 until March 1, 2016, where the swine facility associated with the case

described in Figure 1 was located.
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On the basis of clinical signs and absence of
pathogenic bacteria or viruses, despite re-
peated testing, the authors sequentially in-
vestigated potential causes of liver toxicosis
other than microcystins. Water was identi-
fied as a suspect for carrying a toxin; how-
ever, initial findings were unsupported for
the water to contain a causative agent. Feed
was also considered a source for potential
toxins. Feed samples were collected and had
a moderate concentration of fumonisin B1,
but not at a concentration sufficient to cre-
ate liver failure.!1

The WHO sets a microcystin LR safe al-
lowable limit at 1.045 ug per L (1.045 ppb)
for humans.!2 Mouse models demonstrate
that this concentration results in no long-
term consequences when provided for

28 weeks.!3 However, animal scudies dem-
onstrate that higher concentrations than
the allowable limit for long periods of time
result in liver injury.!* Acute exposure has
been documented and demonstrates the
impact of microcystins on liver failure and
mortality." While the duration or dosage of
exposure that occurred are unknown in this
case, the documentation of microcystin LR

able limits indicates that liver damage would
likely occur.

In this case, the attending veterinarian
(DMC) observed that during periods when
there were clinical signs in the herd, inject-
able medications did not reduce the sever-
ity of the illness, and mortality appeared

to increase after treatment. Upon review

of published literature from other species,

it was learned that medications that cre-

ate drug-induced hepatotoxicity should be
avoided during periods of liver damage such
as cirrhosis.!> Microcystin toxicity results

in reduced hepatic perfusion and leads to
hepatic failure.'® Drug metabolism is depen-
dent upon both hepatic blood flow and liver
enzyme function.!” Furthermore, a single
exposure to certain microcystins, such as
microcystin LR, can also cause a change in
sodium transport in the kidney and result

in renal damagfs.18 Enrofloxacin was used

as part of the therapy program in this case;
however, past hepatic and renal failure mod-
els have demonstrated that enrofloxacin will
not cause additional hepatic impairment,
but rather, renal impairement.!? Although
the primary focus of the case was the liver,

and coloration of the liver, blood chemistry
indicated some kidney damage was pres-
ent, but no direct link could be made to the
use of enrofloxacin and increased mortality.
However, on the basis of the literature and
known effect of microcystin toxicosis, caution
should be placed when selecting appropriate
medications for use in animals where micro-
cystin toxicosis is suspected, due to the na-
ture of toxicosis associated with the hepatic
and renal functions.

Although initial clinical signs presented in
the fall of 2015, new groups of animals be-
came clinically ill during the winter of 2015-
2016. The water sample collected from the
isolation facility in February, which tested
positive for microcystin, indicates that algae
growth can occur in the winter and micro-
cystin toxicity can be an issue even during
periods of snowfall.> Upon evaluating ambi-
ent temperatures for this timeframe, it can
be noted that the temperature was variable,
with few days in which the temperature
remained below freezing. Algae are likely to
release toxins as they die off or are broken
down by an animal during digestion, and

so it is hypothesized that the toxins were
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released when the temperatures were below
freezing. However, the temperatures did not
stay low long enough to kill the algae, and
therefore a cycle was established in which the
algae grew when temperatures were above
freezing and then toxins were periodically
released into the water when temperatures fell
below freezing. This hypothesis is supported
by the evidence of the toxins being identified
in the water.* Winds, snowfall, and freez-

ing rain would all contribute to the stand-
ing water in this area, which would then be
moved into the main water supply. The small
waterway that connected this area to the main
pond was near the water intake area. Both
algae and the toxin could be moved into the
main pond to the water intake area quickly,
so little dilution of the toxin could occur be-
fore it was moved into the facility. Since the
isolation facility was the point of entry into
the barn for the water supply, these small pigs
were likely to receive the highest concentra-
tion of microcystin per kg of metabolic body
weight, compared to the remainder of the
farm population.

Even though the liver tissue tested positive
for microcystin YR in November 2015 and
the isolation water tested positive for only
LR and RR in February 2016, it is believed
that the area of standing water was the
contributing factor to this case. Algae can
produce all three toxins, which was dem-
onstrated by the March 1, 2016 collection,
and therefore it is believed that the toxin
presenting in the pig was in higher concen-
tration in November than in February, when
the water was collected inside the building,
and also in the standing water sample on
March 1,2016.4

Implications

o Under the conditions of this case, fluc-
tuating temperatures may contribute to
algae dying and releasing toxins during
fall and winter months.

o Surface water should be monitored for
algae blooms, but any watershed into
those ponds should also be evaluated.

o Use of medications that are hepatotoxic
or use the renal pathway should be
avoided in animals suspected of having
microcystin toxicosis.
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