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a b s t r a c t 

Copper toxicity is thought to be a rare condition in horses. However, the number of cases diagnosed 

in Brazil is growing. This article aims to describe cases of copper toxicity involving horses from differ- 

ent geographic locations and discuss findings of physical examinations, differential diagnoses and poten- 

tial causes. Five cases referred from 4 different properties where at least 15 other horses were affected 

were described. Hemolytic anemia and hemoglobinuria, presence of Heinz bodies and elevated aspartate 

aminotransferase and gamaglutamil transferase levels were detected in all cases. The diagnosis was based 

on clinical history and signs, laboratory tests results, copper level determination in feed and/or soil and 

histopathological findings. Two horses progressed to acute death; remaining horses responded to clinical 

management with or without blood transfusion, depending on disease severity. However, one of these 

horses, after several returns to the veterinary hospital, was euthanized due to complications. One horse 

was treated with ammonium tetrathiomolybdate. Two horses had several recurring episodes over the 

course of several months, an uncommon presentation in ruminants suffering from copper toxicity. Ex- 

cess copper was associated with soil fertilization with poultry litter or treatment of previous or neighbor 

crops with copper-containing products. It can be concluded that copper toxicity does occur in horses and 

may arise from several sources and/or be associated with predisposing dietary factors. Given the growing 

number of cases, the condition should be included in the differential diagnosis list and proper preventive 

dietary and pasture fertilization measures adopted. 

© 2021 Elsevier Inc. All rights reserved. 

1. Introduction 

Copper is an oligoelement found in high concentrations in the 

brain, liver and kidneys, binding to ceruloplasmin at the hepatic 

level, which transports copper from the liver to peripheral tis- 

sues. Approximately 50%of copper is excreted in the bile, while the 

rest is eliminated through other gastrointestinal secretions. Thus, 

the digestive system plays an important role in the homeostasis 

of this element in the animal organism [ 1 , 2 ]. However, exces- 
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sive intake causes copper to accumulate in tissues, particularly in 

the liver, with the free copper ions capable of damaging cellular 

components, inducing not only oxidative stress, but also damage 

to DNA and decreased cell proliferation. [ 3 , 4 ]. Sheep are the most 

susceptible domestic animal species to copper toxicity due to low 

metallothionein levels in the liver [5] . Horses are able to toler- 

ate higher doses of dietary copper (50 mg/kg DM) compared to 

sheep (15 mg/kg DM), while pigs and poultry are very resistant of 

even higher doses (250 mg/kg and 500 mg/kg DM respectively) [6] . 

Ponies (Shetland and Shetland by Welsh cross ponies) are thought 

to be most resistant among equine breeds (791 mg/kg DM) [7] . 

Still, novel therapeutic and dietary copper-containing compounds 

and environmental contamination may increase the risk of acci- 

dental toxicity. 

Effects of long-term copper intake in horses remain to be de- 

termined. Acute experimental toxicity induced by iatrogenic expo- 

sure (subcutaneous administration of copper-D-penicillamine com- 

plex) has been described [8] . Acute and cumulative copper toxicity 

in response to natural or induced copper sulfate intake have also 
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Table 1 

Physical examination parameters at the time of the initial clinical evaluation and previous treatments. 

Heart Rate 

Respiratory 

Frequency Rectal Temperature Capillary Fill Time Mucosal Staining Previous Treatment 

Case 1 76 bpm 20 bpm 37.6 °C 2-3 ′′ Icteric with halo Phenylbutazone 

Imidocarb 

dipropionate 

Gentamicin 
a Ornitil 

Case 2 - - - - - Imidocarb 

dipropionate 

Oxytetracycline 

Blood transfusion 

Case 3 (mare) 76 bpm 34 mpm 38.6 °C 2 ′′ Pale and icteric Imidocarb 

dipropionate 
b Pentabiótico 

Case 4 (gelding) 80 bpm 40 mpm 38 °C - Cyanotic/Icteric - 

Case 5 50 bpm 26 mpm 37.4 °C 2 ′′ Icteric Imidocarb 

dipropionate 

Oxytetracycline 

a Active principles: L-Ornithine aspartate; L-Arginine Hydrochloride; L-Citrulline, Acetylmethionine. 
b Active principles: Benzylpenicillin benzathine; Benzylpenicillin procaine; Benzylpenicillin potassium; Dihydrostreptomycin base (sulfate); Streptomycin base 

(sulfate). 

been reported [9] . Two cases of hemoglobinuria-related death have 

been attributed to liver damage associated with ragwort ( Senecio 

jacobea) toxicity and chewing of copper-rich wood [10] . Copper- 

related cirrhosis of the liver has been described in a 6-year-old 

horse [11] . In spite of progression to hemoglobinuria and death 

(common findings in cumulative toxicity in sheep) in that case 

[11] , it was not possible to determine whether copper accumula- 

tion in the liver was due to primary (genetic) or secondary causes. 

This paper describes 5 clinical cases of cumulative copper tox- 

icity in horses from 4 different geographical locations. Increased 

awareness of this diagnostic hypothesis and discussion of potential 

causes and preventive measures are expected contributions of this 

study. 

2. Case reports 

Cases reported involved privately owned horses referred for 

hospital management. Owners reported similar clinical manifesta- 

tions in other horses in some of the properties. 

2.1. Case 1 

A 2-year-old Quarter Horse mare was referred with a 4-day 

history of apathy, anorexia, fever, dark brown urine and icterus. 

Table 1 shows the parameters of the physical examination at the 

time of the clinical consultation, as well as the previous treatment 

received by the patient before being referred to the veterinary hos- 

pital. 

Horses at that property were fed commercial feed, mineralized 

salt and Cynodon nlemfuensis grass. Pastures had been treated with 

poultry litter (3 ton/ha) over the last 6 months. Two horses and 1 

cow developed icterus, fever and apathy and progressed to death. 

The cause of death was not determined. 

Physical examination revealed dehydration, apathy, yellow 

tinged, toxic looking mucous membranes, tachycardia, green nasal 

discharge, pulmonary stridor, decreased gut motility and dark 

brown urine ( Fig. 1 ) unrelated to muscle damage. 

Complete blood count and serum biochemistry panel revealed 

severe regenerative hemolytic macrocytic normochromic anemia, 

polychromasia, anisocytosis, presence of Howell-Jolly and Heinz 

bodies, kidney failure and liver damage ( Table 1 ). Urinalysis 

revealed proteinuria, hemoglobinuria and hematuria. The mare 

tested negative for leptospirosis and blood culture was also neg- 

ative (i.e., no bacterial growth). 

Emergency blood transfusion (2.5 liters) and fluid therapy were 

carried out immediately. Nine hours later, the mare became re- 

cumbent and presented with abdominal discomfort, neurological 

signs and seizures, progressing to death within the next hour. 

Table 2 shows the clinical evolution of the animal until the mo- 

ment of death. Before dying, the mare had nystagmus and con- 

vulsed. 

Post-mortem examination findings were as follows: icterus, 

serous fluid in the thoracic cavity and pericardial sac, petechiae 

and suffusions in epicardial and intestinal serosal surfaces, pul- 

monary edema, orange colored liver, greenish-brown kidneys and 

dark red urine. Histopathology revealed multifocal liver necrosis 

and severe liver fibrosis, hepatocytes filled with dark brown pig- 

ment granules, hepatic hemosiderosis (Perls stain) and dark brown 

pigments and vacuolization in renal tubular epithelial cells. Cop- 

per accumulation was visible in hepatocytes and renal tubular ep- 

ithelial cells (rubeanic acid stain). Liver and kidney changes were 

consistent with cumulative copper poisoning. 

There is limited information on copper levels in horses and 

values are thought to vary according to breed, geographical loca- 

tion and management. Still, liver, kidney and serum copper levels 

( Table 3 ) were above normal ranges, regardless of reference values 

adopted, which vary widely in literature (12.2–28.6 μmol/L or 8.8–

11.9 μmol/L) [ 12 , 13 , 14 , 15 ]. 

2.2. Case 2 

A 2.5 year-old male Brasileiro de Hipismo horse was referred 

with a history of anemia, apathy, fever and hemoglobinuria in 

the last 24 hours and similar episodes of anemia and hepatic 

changes over the last 18 months. The physical examination param- 

eters on the day of admission to the veterinary hospital as well 

as previous therapies are listed in Table 1 . Previous episodes were 

treated with anti-hemoparasitic agents and blood transfusion at a 

different hospital. The horse had tested negative for leptospiro- 

sis and Trypanosoma evansi and positive for Babesia caballi . Di- 

etary management consisted of commercial feed, mineralized salt, 

coast-cross pasture and well water. At least 10 other horses liv- 

ing in the same property had a history of similar, non-recurrent 

episodes of hyperthermia and hemoglobinuria around the age of 

3 years. 

The horse did not make it to the hospital alive and was quickly 

referred for postmortem examination. Urine sediment contained 

2 



C.B. Belli, W.R. Fernandes, L.N. Torres et al. Journal of Equine Veterinary Science 106 (2021) 103752 

Fig 1. Case 1. (A) Oral mucosa yellow and with toxic appearance. (B) Dark brown urine. 

Table 2 

Clinical evolution of the mare after emergency treatment. 

Hour Heart Rate Respiratory Frequency Rectal Temperature Capillary Fill Time Mucosal Staining Motility 

a 02:20 pm 68 bpm 28 mpm 37.6 °C 3-4 ′′ Cyanotic halo Hypomotility 

5:30 pm 60 bpm 20 mpm 37.6 °C 3 ′′ Toxemic Hypomotility 

7:00 pm 68 bpm 16 mpm 37.5 °C 2 ′′ Pale with cyanotic halo Hypomotility 

10:00 pm DEATH 

a Fluid therapy performed with 16 liters of Ringer Lactate. 

Table 3 

Laboratory, clinical history and follow-up findings for comparative analysis of equine copper toxicity 

cases. 

Case 1 Case 2 Case 3 (F) Case 4 (M) Case 5 Ref [ 12 , 13 ] 

Red blood cells (x10 6 / ⎧L) 2.1 NA 2.5 1.5 3.4 6.9-10.7 

Ht (%) 13.0 NA 15.0 7.0 21.0 31-48 

Hb (g/dL) 4.0 NA 4.8 5.9 7.4 11.3-17.9 

AST (U/L) 1.091.5 NA 1.324.0 991.0 740.0 141-330 

GGT (U/L) 108.0 NA 137.9 358.0 389.0 4-44 

Hemoglobinuria + + + + + - 

Heinz bodies + + + + + - 

Blood Cu levels ( ⎧mol/L) 45.33 38.0 a NA NA 31.49 b 16-28 

Liver Cu ( ⎧mol/g) 18.96 1.61 NA NA NA 0.27–0.31 

Kidney Cu ( ⎧mol/g) 1.62 1.95 NA NA NA 0.36–0.47 

Soil/feed Cu NA NA NA - 

Other animals affected Yes Yes Yes Yes No - 

Death Yes Yes No No No - 

Recurrence No No Yes Yes Yes - 

AST, aspartate aminotransferase; F, female; GGT, gamaglutamil transferase; M, male; NA, not assessed; 

Ref., references. 
a blood sample collected after death. 
b upon recurrence. 

no red blood cells. Blood smears revealed Heinz bodies. Major 

gross findings were as follows: yellow tinged mucous membranes, 

light brown colored, firm liver, small-sized spleen and dark urine. 

Histopathological examination revealed bridging liver fibrosis with 

ductal hyperplasia, cholestasis and pigments consistent with iron 

and copper accumulation (Perls and rodhamine stains) in hepato- 

cytes and Kupffer cells. Hemoglobinuric nephrosis and pigments 

consistent with iron and copper accumulation in kidney epithe- 

lial tubular cells were also noted. Blood, liver, and kidney samples 

were sent for copper level determination ( Table 3 ). 

The pasture where horses were kept was cared for by ex- 

pert professionals and the rotational grazing system adopted. 

The owner was not informed of products used and there were 

no invasive plants. The pasture area was next to and level 

with a neighbour coffee plantation submitted to periodic treat- 

ment with copper hydroxide fungicide (691 g/kg), among other 

products. 

Laboratory tests of other horses living in that property were re- 

quested. Low red blood cell count and increased aspartate amino- 

transferase (AST) and gamaglutamil transferase (GGT) levels were 

detected in 2 horses with a history of similar episodes. Those that 

had not suffered hemolytic crises (2 horses) were not anemic; 

however, increased GGT and mildly increased AST levels were de- 

tected in one and both horses respectively. Serum copper determi- 

nation performed in 2 horses revealed copper levels within normal 

ranges. One of the horses had a serum copper value corresponding 

to 119 μ/dL, while in the other horse the measurement was 131 

μ/dL. It is worth mentioning that the reference value used by the 

laboratory was 56.5–170.2 μ / dl. The measurement of serum cop- 

per was performed using Atomic Absorption Spectrophotometry. 

Water quality analysis revealed acceptable levels of copper ( < 0.008 

mg/L). The measurement was performed using the Standard Meth- 

ods for the Examination of Water and Wastewater (SMEWW) 3111B 

and D. 
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2.3. Cases 3 and 4 

Two Lusitano horses (an 8-year-old mare and a 2.5-year-old 

gelding) were referred from the same property 28 days apart. 

The mare was referred first with a 2-month history of apathy, 

weight loss and postpartum anemia. Three other mares kept in the 

same paddock had also developed mild anemia; therefore, mares 

were moved to a different paddock and the owner switched to a 

different brand of feed. The gelding had been in stall confinement 

for approximately 1 month and had a recent history of apathy and 

acute hemoglobinuria. The parameters related to the physical ex- 

amination at the time of the clinical consultation at the veterinary 

hospital and the previous treatments of both animals are shown in 

Table 1 . 

Clinical examination of the mare revealed pale, yellow tinged 

mucous membranes, mild hyperthermia, tachycardia, tachypnea 

and dark urine. Laboratory tests findings were as follows: ane- 

mia, Heinz bodies, hemoglobinuria, increased bilirubin levels and 

markedly increased AST and GGT levels. The gelding had similar 

manifestations, except for normothermia, more pronounced tachy- 

cardia, anemia and hemoglobinuria, and more markedly elevated 

GGT levels ( Table 1 ). Three other horses living in the same prop- 

erty had suffered similar, milder episodes; elevated liver enzyme 

levels had been also detected in asymptomatic horses. 

The mare received fluid therapy, hepatoprotective agents and 

copper-free vitamin and mineral supplements. Physical signs and 

laboratory test results improved, but liver enzymes did not return 

to normal levels. The mare remained in hospital for 15 days and re- 

turned within 2 weeks of discharge due to recurring hemoglobin- 

uria. The mare was kept in hospital for another month and has 

been healthy ever since. 

The gelding was treated in a similar fashion, except for blood 

transfusion and ammonium tetrathiomolybdate solution (TTM, 3.4 

mg/kg, IV, SID) given for 3 days (long enough for hemoglobinuria 

to resolve). Signs of laminitis appeared on the fourth day. A sec- 

ond hemolytic episode requiring blood transfusion occurred over 

the course of the 4-month hospitalization period. 

Commercial feed analysis revealed copper levels ranging from 

20.4 to 59.6 mg/kg, depending on the batch. Analysis of commer- 

cial feed revealed copper levels ranging from 20.4 to 59.6 mg/kg, 

depending on the batch. The method used for measurement was 

the AOAC Official Method 2013.06 [PNT005-AB]. Copper content 

investigation in soil and pastures was based on well-established 

methods. Copper levels were above the upper reference limit in 

most paddocks, with higher levels detected in lower-lying areas 

previously used as vineyards, where most affected horses were 

now kept. Excess copper was also detected in forages; estimated 

total copper intake exceeded dietary requirements for young and 

older horses. 

2.4. Case 5 

A 8-year-old Mangalarga Marchador gelding was referred with a 

one-month history of yellow tinged mucous membranes and fever 

unresponsive to antihemoparasitic therapy. The horse was fed hay, 

grass and well water. Grass crops were treated with poultry litter 

and there were veggie patches around the property. Hay analysis 

failed to reveal fungi or aflatoxins. The physical examination pa- 

rameters on the day of admission to the veterinary hospital as well 

as previous therapies are listed in Table 1 . 

Physical examination revealed mild tachycardia, yellow tinged 

mucous membranes and red colored urine. Elevated AST and GGT 

(particularly GGT) levels ( Table 1 ), macrocytic anemia, Heinz bod- 

ies, intravascular hemolysis, hemoglobinuria and bilirubinuria were 

the major laboratory findings. The horse tested negative for EIA 

and leptospirosis. 

Transcutaneous liver biopsy revealed lobular necrotic lympho- 

cytic and neutrophilic hepatitis with ductal hyperplasia, portal fi- 

brosis, intracytoplasmic copper pigments in hepatocytes and histi- 

ocytes and hemosiderin pigments in Kupffer cells. 

Laboratory test results from other horses living in the same 

property showed mildly increased AST and GGT levels in 2 animals. 

Dietary copper analysis revealed the following levels: 9.01 

mg/kg in hay; 21.65 mg/kg in commercial feed, 2.1 to 8.60 mg/kg 

in pastures (depending on location) and 976.16 mg/kg in mineral- 

ized salt. The method used to measure copper in the respective 

samples was MA-002 [NIOSH 7904:1994]. 

Copper toxicity was suspected and fluid therapy, hepatopro- 

tective agents, vitamin and copper-free mineral supplementation 

started before completion of ancillary tests. Physical signs and lab- 

oratory test results improved, but liver enzyme (particularly GGT) 

levels did not return to normal. The horse remained in hospital 

for 22 days and returned within 5 months of discharge due to re- 

curring hemoglobinuria and anemia. Physical examination and lab- 

oratory findings were similar; however, the liver parenchyma ap- 

peared hyperechoic and fibrotic on sonography. The same treat- 

ment was repeated and the horse discharged within 11 days of ad- 

mission. 

The condition recurred approximately 1 year later and was 

again successfully treated. At that time, blood copper levels were 

investigated ( Table 3 ). The horse had 2 subsequent episodes within 

the next 2 months; liver biopsy was repeated on one occasion and 

revealed ( Fig. 2 ) active lymphohistiocytic necrotic hepatitis with 

ductal hyperplasia, portal fibrosis and portal to centrilobular fibro- 

sis, intracytoplasmic pigments consistent with copper (rodhamine 

stain) in centrilobubar hepatocytes and hemosiderin pigments in 

Kupffer cells. The reticulin framework was disturbed and charac- 

terized by multifocal loss of framework or ruptured and collapsed 

liver framework by reticulin stain. Subsequently, after one year 

and 3 months, the horse was taken for evaluation at the veteri- 

nary hospital, presenting hematuria. The physical parameters at 

the time of admission corresponded to a heart rate of 40 bpm, a 

respiratory rate of 20 mpm, a rectal temperature equal to 36.9 °C, a 
capillary filling time of 3 seconds and pale mucous membranes. 

The animal arrived in decubitus, with the impossibility of get- 

ting up. The immediate treatment instituted was dexamethasone 

(1 mg/kg) and blood transfusion with whole blood. However, the 

next day, the horse developed neurological disorders and was eu- 

thanized. Necropsy findings indicated dark brown kidneys, brown- 

ish pericardial effusion, pale and contracted liver and diffuse jaun- 

dice in the tissues. 

3. Discussion 

Copper toxicity may be acute or cumulative (chronic). Acute 

toxicity occurs when large amounts of copper are ingested within 

a short period of time. Ionic copper binds to the gastric and intesti- 

nal mucosa, leading to erosion and ulceration and ultimately to se- 

vere gastroenteritis and bleeding. Liver damage, hemolytic anemia, 

and nephrosis may result from absorption of copper in large quan- 

tities [ 16 , 17 ]. 

In cumulative toxicity, copper accumulates asymptomatically in 

the liver for long periods of time and serum biochemistry changes 

derived from progressive liver damage appear around the time of 

hemolytic episodes [18] . When liver storage capacity is exceeded 

(which may take a few weeks to a year to occur), copper is re- 

leased into the bloodstream, leading to massive hemolysis, renal 

and hepatic failure. Affected animals tend to progress to death in 

2–5 days [19] . Typical histopathological findings include cirrhosis 

of the liver or toxic hepatitis, coagulative necrosis or degenerative 

liver changes and nephrosis with hemoglobin casts [3] . It is note- 

worthy that the copper content in the liver can be calculated based 
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Fig 2. Case 5. Histopathological lesions of liver. (A) Lymphohistiocytic necrotic hepatitis with lobular activity, portal fibrosis and intracytoplasmic dark brown pigments in 

centrilobubar hepatocytes and portal macrophages, and golden pigments in Kupffer cells. Hematoxylin and eosin (HE), 200x; (B) Lymphocityc portal hepatitis with portal 

fibrosis and intracytoplasmic dark brown pigments in hepatocytes and portal macrophages and golden pigments in Kupffer cells. HE, 200x; (C) Active lym phohistiocytic 

necrotic hepatitis with intracytoplasmic dark brown pigments in hepatocytes, and golden pigments in Kupffer cells, HE, 400x; (D) Intracytoplasmic cooper pigments in red 

in centrilobubar hepatocytes and golden pigments in Kupffer cells, Rodhamine stain, 400x. (E) Intracytoplasmic hemosiderin pigments in blue in Kupffer cells, Perls stain, 

400x; (F) collapsed, ruptured and loss of reticulin framework of liver, Reticulin stain, 400x. 

on dry matter, with the possibility of such measurement being car- 

ried out post mortem [20] . 

Although animals’ excessive intake of copper is a possible cause 

of intoxication, previous liver diseases can contribute to its occur- 

rence since there is concomitant impairment of liver function in 

addition to accumulation of copper in the organ. Therefore, it is 

important to investigate conditions that can lead to liver diseases, 

without forgetting recent discoveries such as the new equine par- 

vovirus, identified in 2018, responsible for causing death to a horse 

due to installed hepatitis [21] . Also, equine hepacivirus can also 

cause liver damage [22] . In the cases studied, no other concomi- 

tant cause of hepatic involvement was found. Furthermore, the 

histopathology of the cases presented was not consistent with the 

findings in the literature for viral liver diseases, as shown in the 

research carried out by Tomlinson et al. [23] , in which lympho- 

cytic infiltrates and necrotic hepatocytes infected with equine par- 

vovirus were identified. 

Clinical and laboratory findings described in this study are typ- 

ical of cumulative copper toxicity. Even asymptomatic animals liv- 

5 



C.B. Belli, W.R. Fernandes, L.N. Torres et al. Journal of Equine Veterinary Science 106 (2021) 103752 

ing in contact with affected horses had liver enzyme changes sug- 

gestive of chronic toxicity, as reported in ruminants. 

Copper toxicity was suspected in these horses due to liver dam- 

age combined with Heinz body-mediated intravascular hemolysis, 

which is seldom observed in other clinical conditions. Several dis- 

eases may cause liver damage in horses and some may be associ- 

ated with elevated GGT levels, but concurrent intravascular hemol- 

ysis is uncommon [13] . 

It is interesting to observe that cases 1 and 5 presented hepatic 

hemosiderosis. Copper causes direct damage to the renal proximal 

tubule in cases of intoxication, but intravascular hemolysis plays 

an important role in the pathogenesis of renal failure. When con- 

sidering the occurrence of hemolysis, resulting from excessive de- 

struction of red blood cells, it is occurred hemosiderin formation 

and accumulation in the tissue, including the liver [24] . 

In adult horses, hemolysis may be caused by toxic changes 

(red maple, onions, phenothiazines, methylene blue), immunologi- 

cal disorders (primary or secondary immune-mediated response to 

bacterial or viral infections, adverse drug reactions and neoplas- 

tic diseases), infectious (piroplasmosis, granulocytic ehrlichiosis), 

iatrogenic (hypotonic fluid therapy, DMSO > 10%) and other (dis- 

seminated intravascular coagulation, familial methemoglobinemia) 

conditions [13] . However, few conditions are able to induce Heinz 

body formation [13] , the most common in horses being poisonous 

plant, onion or garlic intake, phenotiazine toxicity and DMSO ad- 

ministration. These hypotheses have all been ruled out in cases re- 

ported. 

Copper toxicity diagnosis was based on history of excess di- 

etary/environmental copper and/or copper level determination in 

blood, kidney and liver samples collected from affected animals. 

An important limitation of our study is that we did not ana- 

lyze animal hair for the presence of copper, as the presence of the 

element in the hair indicates long-term copper intake. If the cop- 

per content in the hair was low, it is likely that there is another 

cause, not just intoxication, for the accumulation of copper in the 

liver. On the other hand, if the copper content in the hair was 

high, this result would be a strong argument to justify the diag- 

nosis of copper poisoning, along with the other findings reported. 

To emphasize this statement, it is known that metals can accumu- 

late both inside and outside the hair. In mammals, hair is mainly 

composed of keratin, which contains ample amounts of sulfhydryl 

that can bind various metals [25] . Another important limitation to 

be highlighted is that not all necessary data was collected in all 

cases, since the animals were brought to the hospital for care, and 

it was not always possible to have access to samples and other in- 

formation by owner’s choice.”

Horses are thought to be less susceptible to copper toxicity 

[ 6 , 7 ]. However, studies investigating elevated copper levels in this 

species are scarce. 

Pasture treatment with poultry litter is a major cause of cop- 

per toxicity in sheep [26] . Poultry diets are rich in phosphorus and 

may contain arsenic, copper and zinc, which are used as growth 

promoters and excreted in feces and urine. Therefore, poultry litter 

is a rich source of these minerals [27] . Also, poultry litter may be 

treated with copper-based fungicides [3] . Copper levels in poultry 

litter may range from 25 to 1003 mg/kg (473 mg/kg on average) 

[26] . Copper-rich poultry litter was thought to be the cause of soil 

and pasture contamination in cases 1 and 5. Poultry litter feeding 

ban in Brazil led to increased use of poultry manure as soil fertil- 

izer in an effort to reduce fertilization costs and eliminate poultry 

farming waste. Horses are highly tolerant of copper; still pasture 

fertilization with poultry litter should be done with extreme cau- 

tion due to potential toxicity. 

On the other hand, according to Kuziemska et al. [28] , fertiliz- 

ers such as poultry manure (not the poultry litter) may not only 

be a valuable source of plant nutrients, but may also reduce the 

phytotoxicity of heavy metals, including copper. These researchers 

investigated the effect of increasing doses of copper applications 

in combination with various organic fertilizers (cattle and poul- 

try manure, and mushroom substrate) on Cocksfoot Grass yield, as 

well as copper absorption by them. As a result, all organic fertiliz- 

ers were able to reduce the toxic effect of copper, especially cattle 

manure. Therefore, the use of such fertilizers could be an alterna- 

tive to the use of poultry litter, contributing to lower the levels of 

copper in the pasture and, consequently, excessive intake of it by 

animals. 

Pastures contaminated with copper fungicides have been asso- 

ciated with copper toxicity in ruminants [3] . One must therefore be 

aware of crops requiring wide use of copper-based products in the 

vicinity of animal herds, even horse herds. In Brazil, as provided by 

the Ministry of Agriculture, Livestock and Supply, several copper 

fungicides are marketed, containing different molecules, dosages 

and granulometry [29] . As indicated by the Fungicide Resistance 

Action Committee (FRAC), despite the diversity of existing formula- 

tions, copper fungicides must form a uniform and long-lasting film 

on the cultivated content, without accumulating in it [30] . 

As an example, to demonstrate the importance of precautions 

when using copper fungicides, frequent applications of such for- 

mulations increased the soil surface copper content in some places 

in Serra Gaúcha (Brazil) exceeding the critical soil content of 0.40 

mg/L [31] and the maximum adsorption capacity of soils, which 

can poison plants and water sources [ 32 , 33 ]. This accumulation 

has also been observed in other countries, such as France, where 

the long-term application of cupric fungicides to control downy 

mildew ( Plasmopara viticola ) resulted in an increase in copper con- 

centration in the order of 100–1500 mg/kg [34] . Based on such 

evidence, the appropriate concentration of cupric fungicide must 

be used according to the goal that is desired with the planting in 

question, so that excess copper does not occur later in the soil and 

in the cultivated content, avoiding, thus, a possible poisoning of 

animals that have access to the cultivation site. 

In cases 2, 3 and 4, toxicity occurred in response to long-term 

intake of copper derived from soil contaminated with products 

used in crops grown in the same property (coffee crops treated 

with copper fungicide, case 2; soil and pasture contamination from 

previous grape farming, cases 3 and 4). Copper-based products are 

widely used in coffee plantations and vineyards. Regular monitor- 

ing of nutrient levels (including copper) in soil and pasture is rec- 

ommended for deficiency and toxicity prevention purposes. 

Only 2 confirmed cases of naturally occurring copper toxicity 

have been reported in horses: copper sulphate intake [9] and liver 

damage induced by pyrrolizidine alkaloids found in Senecio jacobea 

and chewing of copper-contaminated wood [10] . 

Potential copper toxicity associated with ingestion of 

pyrrolizidine alkaloid-rich plants has been reported in sheep. 

These alkaloids promote hepatocyte damage and copper toxicity –

or rather phytogenic copper toxicity [3] . Horses in this study had 

no signs of pre-existing liver damage and pyrrolizidine alkaloid 

containing plants were not present in their diet or environment, 

nor were histopathological findings consistent with this type of 

toxicity. Still, potential associations support the need to investigate 

primary liver damage as a predisposing factor to copper toxicity. 

Clinical progression in cases studied differed from descriptions 

in ruminants. Sheep may make a full recovery if properly treated 

or even in rare, untreated cases, in spite of the highly lethal nature 

of copper toxicity and the high risk of hemolysis- and/or kidney 

failure-related death in this species. Surviving horses in this case 

series took around 2 weeks to recover from liver damage and had 

one or more recurring hemolytic episodes. Similar data were ex- 

tracted from the clinical history of horses living in contact with 

affected patients. Recurrence is seldom reported in ruminants [35] , 

except in cases of repeated excess copper intake. It should also be 
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considered that once the diagnosis of copper poisoning is made, 

changes are expected in animal management, reducing the prob- 

ability of recurrent poison with excess copper ingested. This pro- 

cedure was carried out with the surviving animals and with the 

horses that had contact with places with excess copper in our 

study. Dietary changes were made, and the animals began to graze 

in other places, as pertinent to each case. 

Three phases of cumulative toxicity have been described in 

ruminants: pre-hemolytic, hemolytic and posthemolytic. The pre- 

hemolytic phase may last anywhere from one month to 2 years 

and is characterized by asymptomatic copper accumulation in the 

liver, in the ten days preceding the hemolytic crisis. Once liver 

storage capacity is exceeded, copper becomes free in hepatocytes, 

leading to hepatic necrosis and a surge of copper release into the 

bloodstream [ 16 , 17 , 36 ]. Liver enzyme changes had been detected 

long before hemolytic episodes in several patients in this series, 

including those that did not progress to the hemolytic phase. 

A recent study conducted with rats to investigate the effects 

of high copper concentrations in the cecum and rectum, demon- 

strated the occurrence of lesions and interference in microbiota 

homeostasis [37] . When considering the importance of proper 

functioning of the gastrointestinal tract for the horse to have a 

healthy life, the information that excess copper at the intestinal 

level can contribute to the deterioration of the clinical condition of 

intoxicated animals should not be discarded. 

Clinical features of copper toxicity in horses are thought to 

be similar to those described in young ruminants prior to ru- 

men development. Different from adult patients, liver damage may 

precede severe anemia and related hemolytic episodes by sev- 

eral weeks in these animals, with impaired growth and potential 

chronic toxicity if dietary copper levels are not adjusted. Icterus 

and a small-sized, fibrotic liver may be found at slaughter [38] . 

Cirrhosis of the liver has been described in ruminants; however, 

toxic hepatitis is the prevailing finding [3] . In horses, chronic liver 

damage (as evidenced by sonographic and histopathologic findings 

in case 5) may translate into increased risks of recurrent copper- 

induced hemolytic episodes. 

Given the rare nature of the disease in horses, no treatment 

protocols have been established to date. The effectiveness of drugs 

such as penicillamine, zinc, trientine, and tetrathiomolybdate has 

been reported in other species [39] , but not in horses. Cases de- 

scribed in literature were treated in a similar fashion to those 

in this series (i.e., fluid therapy for kidney failure prevention and 

control, hepatoprotective agents and blood transfusion in cases of 

severe anemia). Excess dietary copper levels were also adjusted. 

Dietary adjustments should be considered, given the high copper 

content in many commercial feeds and supplements and the lim- 

ited availability of copper-free iron supplements in the domestic 

market. 

Therapeutic use of TTM in horses suspected of copper toxicity 

has not been described. The drug was used in case 4 with due 

owner consent in an attempt to control the extremely severe dis- 

ease, at doses extrapolated from ruminants. However, patient sur- 

vival could not be attributed to the effect of TTM alone. Also, that 

horse was the only one to develop laminitis. Whether laminitis 

was disease-related or TTM-induced remains to be determined. 

One may wonder why equine copper toxicity is becoming in- 

creasingly common in Brazil. This case series describes 4 outbreaks 

involving several animals, some of which progressed to death. If 

copper toxicity has always been a problem in horses, why are case 

descriptions scarce? Lack of proper diagnosis? The multifactorial 

nature of the disease, as shown in cases 3 and 4, in which envi- 

ronmental contamination was involved, probably has a role to play. 

Copper levels in soil may vary throughout the year; still, excessive 

amounts of copper were detected in pastures in those cases. Also, 

affected horses were fed commercial feed with borderline or ex- 

cess copper, considering the tolerance value of 50 mg/kg DM for 

the equine species [7] .”

Minimum copper content in feed labels is 30 mg/kg. However, 

batches containing almost twice as much copper are the norm in 

the equine feed industry. NRC recommendations correspond to 80 

mg of copper per 400 kg of body weight or 10 mg/kg in feed (NRC 

2007 and 1989 respectively). Given the high tolerance of copper 

of horses compared to other species, only minimum amounts are 

accounted for in feed manufacturing, with many good brands often 

exceeding that limit. Equine mineral supplements follow the same 

minimum level rule. Copper intake levels by individual horses are 

therefore unknown. Cases described in this series suggest excess 

copper may in fact lead to toxicity and death, a remote hypothesis 

to date. Attention was not paid to the observation of the amount 

of zinc present in the feed available for horses. However, zinc can 

interfere with copper absorption by animals, as explained later in 

this discussion. 

Determining a reliable upper limit of tolerability for copper is 

difficult due to the physiological regulation of copper reservoirs 

that prevent pro-oxidative states in periods of deficiency or ex- 

cess. Increased uptake of enteric copper occurs when liver stor- 

age is low, while increases in the synthesis of metallothionein, a 

copper-binding protein that limits enteric uptake or distribution, 

along with bile excretion, occur when liver stocks are high. Al- 

though these self-regulatory adjustments keep the copper content 

in hepatocytes within safe metabolic limits, the genetic mutations 

that influence these mechanisms can modify or limit the appro- 

priate physiological response. This fact can be particularly evident 

when food intake is close to the upper limit of tolerability [40] . 

Still in relation to the animals’ diet, a study conducted by Min- 

ervino et al. [41] investigated whether zinc supplementation may 

be an option as a preventive measure to the accumulation of cop- 

per in the liver of sheep. It was concluded that 300 mg/kg of zinc 

in dry matter is useful in preventing excessive hepatic storage of 

copper. In addition, the accumulation in the liver was lower in an- 

imals that received zinc supplementation. The synthesis of met- 

allothionein (low molecular weight proteins) is regulated by the 

amount of zinc ingested. When large amounts of this element are 

ingested, the greater amount of metallothionein is integrated, more 

complex metallothionein-copper forms which are subsequently ex- 

creted. Therefore, an excessive intake of zinc reduces the absorp- 

tion of copper, leading to an increase in its excretion [42] . 

Regarding the factors that interfere with copper absorption and 

its interaction with other elements, in addition to its relationship 

with zinc, it should be considered that iron is known to be present 

in greater amounts in autumn forages, when the absorption of cop- 

per by animals is reduced [43] . Excessive iron intake by horses 

can result in haemochromatosis (accumulation of iron in hepato- 

cytes), causing chronic hepatitis. This event, however, is rare in 

adult horses, requiring the ingestion of extremely high levels of 

iron or the ingestion of this mineral for long periods [44] . Based 

on this statement, it can be assumed that even if copper consump- 

tion by animals is reduced at certain times of the year, due to the 

large amount of iron present in forages, it is unlikely that iron in- 

take will cause significant liver changes enough to cause intoxica- 

tion. Therefore, attention should be paid to the levels of copper in 

the soil used for grazing and possible pre-existing hepatic alter- 

ations presented by the animals. Also, in relation to the interaction 

of copper with iron, in human medicine there is evidence that high 

levels of the first can reduce the latter absorption, causing delete- 

rious hematological effects, such as anemia [45] . 

Just as important as the interaction of copper with other met- 

als and what factors interferes with its absorption, especially in 

cases of suspected intoxication by the element, it should not be 

forgotten that the concentration of copper in the soil is signifi- 

cantly higher when compared to other metals. This can be pos- 
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sibly because copper ions form soluble compounds when interact- 

ing with ligands present in the soil solution, such as organic acids 

exuded by plants [46] . When soils pH is lower than 5, copper be- 

comes more available since it is found in its ionic form. As the 

pH increases, these ions become insoluble in oxides and hydrox- 

ides forms, consequently decreasing their availability [47] . There- 

fore, it is possible that there are places with low levels of copper. 

If the analysis of the soil indeed indicates small amounts of this 

element, and there are cases of horses suspected of copper poi- 

soning, it would be plausible to search for it in the feed given to 

the animal, as well as how fertilization is carried out of the soil 

and, of course, investigate the history of previous liver diseases. 

The horses in this series were supposedly fed large amounts 

of copper derived from pastures, ration and mineralized salt. This 

is an assumption because we do not have all the dosages of 

the amount of copper ingested by each animal. However, in each 

case of this study a source of excess copper and/or an increased 

dosage of the element was found, and, in addition, the manifesta- 

tions were all consistent with copper intoxication and with no fur- 

ther diagnosis, regardless any previous hepatic factor predisposing. 

From the standpoint of copper alone, horses fed copper-rich feed 

and/or pasture should not be given copper-rich salt. In contrast to 

previous nutritional deficiencies, it appears that we are heading to- 

wards a nutrient overload (and not just from an energy standpoint, 

as the current obesity trend in horses suggests). If horses’ diets are 

not re-evaluated, copper toxicity may no longer be a rare condi- 

tion, regardless of pre-existing liver damage, if there is a heavy 

copper consumption present. Furthermore, as our set of reports 

had different breeds of horses, the risk of toxicity may be related 

to the genetics of the animals, which can contribute to greater or 

lesser tolerance to high concentrations of the element. 

4. Conclusion 

Copper toxicity may occur in horses and can be associated with 

excess copper derived from various sources and/or predisposing di- 

etary factors, regardless of whether or not pre-existing liver dis- 

orders are detected. Given the unusual nature of the condition 

in horses, little is known about the progression of the disease in 

this species and diagnostic and treatment protocols are insufficient. 

Veterinarians and owners must have a vast knowledgeable about 

animal diets and pasture fertilization strategies to prevent copper 

toxicity. Copper toxicity may occur in horses and may be associ- 

ated with excess copper derived from several sources and/or with 

predisposing dietary factors. 
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