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Abstract

Two dead and one in extremis four month-old dairy buffalo heifers were received for post mortem examination
at the National Institute of Agricultural Technology (INTA) in Buenos Aires, Argentina. The carcasses were severely
jaundice and haemorrhagic. The kidneys were hemorrhagic with reddish-dark urine discoloration, consistent with
an acute haemolytic syndrome. High copper concentrations were detected in the kidneys and liver through atomic
absorption spectrophotometry. Copper deposits were demonstrated by Timm'’s stain of the liver of the three heifers.
An extra-intestinal pathogenic Escherichia coli was detected in one animal. The diagnosis was chronic copper
poisoning, other chronic changes observed in the liver through HE stain and by immunohistochemistry (Ki67,
Hepar-1 and keratins 7 and 20) suggested the additional action of a non identified toxic agent, which may have
had aggravated the copper poisoning. The findings of this report remarks the importance of determining nutritional
standard reference values for water buffalo mineral supplementation.
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Introduction

Copper is an essential trace element that facilitates electron transfer
in a number of key enzymes. However, copper redox properties are also
responsible for its toxicity, since it can also produce free radicals which
may oxidize cellular components [1]. Chronic copper poisoning (CCP)
develops into an acute episode of intravascular haemolysis, which
results from the release of excessive amounts of copper from hepatic
storages into the blood. The haemolytic crisis might be precipitated by
stress, hepatocellular overload or lysosomal injury [2].

Chronic copper poisoning in ruminants is related to prolonged
intake of high dietary copper concentrations, often in association to
pyrrolizidine alkaloids intoxication [3-6].

Although some species, such as sheep, are known to be more
susceptible than cattle, little is known on the water-buffalo’s
susceptibility to CCP. A recent study [7] compared the susceptibility
of water buffalo to CCP with cattle’s CCP. These authors suggested
that buffaloes had a lower hepatic copper accumulation threshold than
cattle, thus being more prompt to clinical manifestation of the disease.

In Argentina, water buffaloes were first introduced at the beginning
of last century although dairy farming is a recent industry, started
in 1992 [8]. Since not much information is available in the local
literature on buffalo husbandry and nutrition, farmers and veterinary
practitioners often extrapolate it from the bovine system. This article
reports an outbreak of acute haemolytic syndrome related to copper
poisoning in water buffaloes after periodic copper supplementation.

Several buffalo deaths occurred in a buffalo dairy farm in north
Buenos Aires province, affecting at least three heifers. The herd
was composed by fourteen, three to four month-old heifers, fed
predominantly on corn and hay. The animals had received two or three
supplementations of a commercially available poly-mineral and poly-
vitamin subcutaneous supplement, used in bovine dairy farms (Table
1), with an interval of one month between each application, though
he clinical signs commenced more than one month after the last

application. Further details on the animal’s husbandry and nutrition
were not available.

Clinical signs consisted in apathy, anorexia, diarrhoea and reddish
discoloration of the urine. Non-steroid anti-inflammatory (dipirone)
and a hepatic protector were used for medicating the symptomatic
heifers, inducing a mild temporary recovery.

Two dead (case Nos. 1 and 2) and one in extremis (case No. 3) three
to four month-old buffalo heifers were submitted to the Pathobiology
Institute from the National Institute of Agricultural Technology
(INTA) in Castelar, Buenos Aires province, Argentina, for diagnostic
purposes. The dying animal was euthanized with an intravenous
injection of sodic pentobarbital (Euthanyl, Brower, Argentina);
according to the recommendations and approval of the Veterinary
and Agricultural Research Centre (CICVyA) Animal Experimentation
Ethics Committee, at INTA Castelar.

Tissue specimens from abomasum, small and large intestine,

Vitamins Concentration | Minerals Concentration
Vitamin A 2.000.000 U.I Sodium selenium 0,013 g
Vitamin D3 2.000.000 U.1 Copper sulphate 0,89

Vitamin E 1.000 U.I Zinc sulphate 0,059
Hydrolyzed casein. |10 ml Excipient 100 ml

Table 1: Formula and concentration of the poly-vitamin and poly-mineral
supplement used (each dose).
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liver, kidney, adrenal gland, spleen, mesenteric and mediastinal
lymph-nodes, lung, heart and brain were collected for histological
examination from all animals. The tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin wax, sectioned at 4 pm and
stained with haematoxylin and eosin. Tissue sections from the liver of
the three heifers were stained with Timm’s stain [9] together with a
liver section from a normal and a copper-intoxicated bovine liver as
negative and positive controls respectively. Immunohistochemistry
(IHC) was performed on a tissue specimen from the liver of case No. 1,
using ki-67 monoclonal antibody (Immunotec Research LTD, France)
as a marker for cell proliferation as well as Hepar-1 and Keratins 7 and
20 (Dako, Denmark) for identifying cell-type.

Formalin-fixed kidney samples from all three heifers and a fresh
liver sample from case No. 3, were obtained for determining copper
concentration. The samples were dried and processed by atomic
absorption spectrophotometry to determine copper concentrations as
described elsewhere [10].

For bacteriological examination, tissue specimens from small
and large intestine, liver, kidney, spleen and lung were aseptically
collected from case No. 3 and cultured on 5 % sheep-blood agar plates
at 37°C for 48 hours both aerobically and anaerobically. The isolates
were identified by standard laboratory procedures. The virulence of
the E. coli isolates were determined by PCR to detect genes encoding
F5 (f5), F41 (f41), intimin (eae), S (sfa), P (papC), Afa-8 (afaEVIII),
enterotoxin (sta), cytolethal distending toxin IIT and IV (cdtBIII,
cdtBIV), cytotoxic necrotizing factor 1 and 2 (cnfl, cnf2) and Shiga
toxins 1 and 2 (stx,, stx,), according to previous reports [11,12]. Direct
immunofluorescence was used for detection of Leptospira antigens
(CDC, USA). These antibodies cross-reacted with several Leptospira
serovars (pomona, canicola or wolfii).
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Figure 1: A) Liver section from case N° 2 in which bile duct proliferation and
fibrosis with mononuclear infiltration can be seen (large arrow). Towards the
mid-zone and the hepatic vein (V), vacuolar changes and megalocytosis (small
arrows) are evident. HE, bar= 50um. B) Liver section from case N° 1, displaying
sinusoidal disarrangement, and abundant cells exhibiting neoplastic changes
such as altered nucleo-cytoplasm ratio and abnormal nuclear shape and size.
Degenerative cells exhibiting nuclear pyknosis can also be seen. HE, bar=
50pm. C) Kidney section from calf N° 1 exhibiting tubulorrhexis with abundant
strongly acidophilic material, resembling hemoglobin. Proteinaceous material is
also evident in the capsule of the glomeruli. HE, bar= 50um. D) Liver section
from case N° 1 in which strongly dark copper deposits can be seen in the
cytoplasm of many cells. Timm’s stain, bar= 25pm.

Bovine viral diarrhoea virus (BVDV) infection in two (case Nos.1
and 3) of the three animals in this study was previously reported by
Craig and others (2008) [13].

All animals exhibited depression, apathy, diarrhoea and sudden
death. Dark red urine discoloration was also observed during the
clinical examination.

At post mortem examination, severe jaundice, predominantly
in the peritoneum, aorta, cartilages and pleura was the most evident
change observed. Transparent fluid in the abdominal cavity and
reddish staining in the serosa of the abomasum, rumen, jejunum and
gall-bladder was present in all carcasses. The livers were enlarged, firm
and pale, displaying an evident acinar pattern while the gall-bladders
were distended and filled with dark fluid. The gall-bladder, kidneys,
spleen and lymph-nodes looked dark and congested.

In light microscopy, fibrosis, bile-duct proliferation and multi-
focal mononuclear infiltrations were observed in all the livers (Figure
1A). One heifer (case No. 1) exhibited hepatocytes with cytoplasmatic
vacuolation, megalocytosis and abundant cellular pleomorphism
(Figure 1B). These cells were positive to Hepar-1 but not to keratins 7
or 20. The same tissue was also positive to ki-67 in approximately 15%
of the hepatocytes.

Timm’s s copper stain, revealed abundant copper deposits in the
cytoplasm of the hepatocytes of all heifers (Figure 1D) as well as in the
positive but not in the negative control livers.

Multifocal haemorrhages were observed at different sites of the
brains and hearts of all animals. The spleens exhibited haemorrhages
and hyaline deposits together with necrosis and intravascular
thrombus. These changes were also observed in the lymph-nodes
together with polymorphonuclear and macrophage infiltration and
sinusal hyperplasia. The gall-bladders displayed exfoliation of the
epithelium and mononuclear infiltration and haemorrhages in the
lamina propria. In the kidneys, hyaline intra-cytoplasmatic droplet-
change and necrosis was evident in the tubular epithelium. Cylinders,
cellular debris and eosinophilic material accumulated in the tubules
and often in Bowman’s capsule were seen together with hemorrhagic
foci and greenish-brown pigment (Figure 1C). In the ileum and colon,
exfoliated epithelial cells, some being strongly acidophilic, sometimes
forming pseudo-membranes were observed in the lumen. Both, ileum
and colon exhibited polymorphonuclear infiltration and haemorrhages
in the lamina propria. In the ileum, both lymphoid tissues and villi
were atrophic.

Copper concentration was 198 ppm in the liver sample examined
(case No. 3) (normal 25-100 ppm wet basis for cattle) and 66, 47 and 77
ppm in the kidneys of case No.1,2 and 3 respectively (normal 4-6 ppm
wet basis for cattle) [14].

Escherichia coli was isolated from the lung, the muscle, and
the intestinal content of case No. 2. The genes iucD, encoding the
siderophore aerobactin, and fI7A, encoding the structural subunit
from the fimbria F17, respectively, were identified in the E. coli strains.
All the E. coli strains were negative for the genes f5, f41, eae, sfa, papC,
afaEVIII, sta, cdtBIII, cdtBIV, cnfl, cnf2, stx, and stx,, The production
of a haemolysin, not corresponding to the enterohemolysin encoded by
the gen ehxA, characteristic of enterohemorrhagic E. coli, was observed
in the E. coli strains iucD and fI7A positives. Clostridium sp. and
Salmonella sp. were not isolated. Immunofluorescence staining was
negative for Leptospira spp. antigens in all the samples analyzed.

The mortality in the herd affected young heifers of approximately
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three to four month-old, exhibiting similar clinical signs among
them. The severe jaundice and the generalized changes, such as the
haemorrhages, the severe nephrosis with the reddish-dark urine
discoloration, are consistent with an acute haemolytic syndrome.

Considering the high levels of copper detected in the liver and
kidneys, it is likely that chronic copper intoxication was responsible for
the haemolytic syndrome [15]. Since the heifers had been given a poly-
vitamin and poly-mineral subcutaneous supplementation containing
copper, it is likely that this was the source of the intoxication.

Copper is metabolized in the liver [2] but, since these heifers had
a compromised liver, copper metabolism was certainly altered and
any stressing factor -such as diarrhoea- could have triggered the
haemolytic episode.

Other changes observed in the livers, such as bile duct proliferation,
fibrosis, megalocytosis and cellular pleomorphism highlights a chronic,
sub-clinical condition, in which malignant cell transformation was
present. The fact that IHC for Hepar-1, but not for keratins 7 or 20 were
positive, indicates that these neoplastic changes were, most likely, of a
hepatocellular origin. Chronic changes like these, are often related to
toxic agents from plants or fungi, among which, pyrrolizidine alkaloids
and aflatoxins are the most common ones [16,17]. These substances
are known to induce hepatocellular carcinoma in animals and humans
[1,18]. It is also known that these toxins inhibit cell proliferation
and, occasionally, induce apoptosis, thus aggravating CCP [1].
Unfortunately, no hay was available to determine the presence of any
toxic plant or fungi.

In Argentina, there is no data on standard-reference water buffalo’s
tissue copper levels available in the literature. In the present study,
copper levels had to be compared to bovine [14,15] as well as to African
buffalo (Syncerus caffer) [19].

Water buffalos are susceptible to Leptospira spp., producing a
haemolytic syndrome. This microorganism has been isolated from
buffaloes in Buenos Aires province [20]. However, no Leptospira
antigens were detected in the specimens analyzed in this study. On
the other hand, E. coli strains encoding virulence genes related to an
extra-intestinal pathotype were isolated from different organs from the
animal to which bacteriological analysis was performed (case No. 3),
while BVDV was present in the intestine of the other two heifers, as had
been previously reported [13]. Therefore, the intestinal manifestations
and pathological changes observed in the gut were probably associated
with the action of these two pathogens. Infections with BVDV are
known to induce immunosuppression in cattle [21]; this might have
favoured E. coli invasion, with posterior septicaemia.

In many developing countries, buffalo milk accounts for almost
50% of drinking milk, whereas in other countries such as Italy and
Argentina, most of this milk is used for mozzarella cheese production
[22,23]. Aflatoxins and pyrrolizidine alkaloids are both known to
cause hepatocelular carcinoma in animals and humans, and active
metabolites of these substances can be detected in milk [1,18,24,25].
In this study, the changes observed in the liver of the heifers suggests
that these toxins might have been present, thus highlighting a possible
threat for human health.

Since the information available on buffalo husbandry and health
care in Argentina is scant, the findings of this report, also remarks the
importance of determining nutritional standard reference values for
water buffalo mineral supplementation.

Acknowledgment

This research received no specific grant from any funding agency in the public,
commercial, or not-for-profit sectors.

References

1. Stalker MJ, Hayes MA (1961) Liver and biliary system. In: Grant Maxie M,
editor. The Jubb, Kennedy and Palmer’s pathology of domestic animals (5%
edn) Sounders Elsevier.

2. Valli VEO (2007) Hematopoietic system. In: Grant Maxie M, editor. The Jubb,
Kennedy and Palmer’s pathology of domestic animals. (5" edn) Sounders
Elsevier.

3. Seaman JT (1987) Pyrrolizidine alkaloid poisoning of sheep in New South
Wales. Aust Vet J 64: 164-167. Erratum in: (1987) Aust Vet J 64: 227.

4. Seaman JT, Dixon RJ (1989) Investigations into the toxicity of Echium
plantagineum in sheep. 2. Pen feeding experiments. Aust Vet J 66: 286-292.

5. Seaman JT, Turvey WS, Ottaway SJ, Dixon RJ, Gilmour AR (1989)
Investigations into the toxicity of Echium plantagineum in sheep. 1. Field
grazing experiments. Aust Vet J 66: 279-285.

6. Winter H, Seawright AA, Hrdlicka J, Tshewang U, Gurung BJ (1992) Pyrrolizidine
alkaloid poisoning of yaks (Bos grunniens) and confirmation by recovery of
pyrrolic metabolites from formalin-fixed liver tissue. Res Vet Sci 52: 187-194.

7. Minervino AH, Barréto Junior RA, Ferreira RN, Rodrigues FA, Headley SA,
et al. (2009) Clinical observations of cattle and buffalos with experimentally
induced chronic copper poisoning. Res Vet Sci 87: 473-478.

8. AACB (2009) Los bufalos en la Argentina. Asociacién Argentina de Criadores
de Bufalos. http://www.viarural.com.ar/viarural.com.ar/ganaderia/asociaciones/
bufalos/bufalosenargentina01.htm accessed: June 23™.

9. Timm F (1961) Histochemical demonstration of copper in the brain. Z Zellforch
Microsk Anat Histochem 2: 332-341.

10. Cook KK (1997) Extension of dry ash atomic absorption and spectrophotometric
methods to determination of minerals and phosphorus in soy-based, whey-
based, and enteral formulae (modification of AOAC Official Methods 985.35
and 986.24): collaborative study. J AOAC Int 80: 834-844.

11. Franck SM, Bosworth B, Moon HW (1998) Multiplex PCR for enterotoxigenic,
attaching and effacing, and Shiga toxin-producing Escherichia coli strains from
calves. J Clin Microbiol 36: 1795-1797.

12.Van Bost S, Jacquemin E, Oswald E, Mainil J (2003) Multiplex PCRs for
identification of necrotoxigenic Escherichia coli. J Clin Microbiol 41: 4480-4482.

13. Craig MI, Venzano A, Konig G, Morris WE, Jiménez L, et al. (2008) Detection of
bovine viral diarrhoea virus (BVDV) nucleic acid and antigen in different organs
of water buffaloes (Bubalus bubalis). Res Vet Sci 85: 194-196.

14. Galey FD, Maas J, Tronstad RJ, Woods LW, Johnson BJ, et al. (1991) Copper
toxicosis in two herds of beef claves following injection with copper disodium
edentate. J Vet Diagn Invest 3: 260-263.

15. Auza NJ, Olson WG, Murphy MJ, Linn JG (1992) Diagnosis and treatment of
copper toxicosis in ruminants. J Am Vet Med Assoc 214: 1624—-1628.

16. Vaid J, Dawra RK, Sharma OP, Negi SS (1981) Chronic aflatoxicosis in cattle.
Vet Hum Toxicol 23: 436-438.

17.Van Halderen A, Green JR, Marasas WF, Thiel PG, Stockenstrom S (1989)
A field outbreak of chronic aflatoxicosis in dairy calves in the Western Cape
Province. J S Afr Vet Assoc 60: 210-211.

18.Cha C, Dematteo RP (2005) Molecular mechanisms in hepatocellular
carcinoma development. Best Pract Res Clin Gastroenterol 19: 25-37.

19. Webb EC, Van Ryssen JBJ, Erasmusa ME, Mccrindle CM (2001) Copper,
manganese, cobalt and selenium concentrations in liver samples from African
buffalo (Syncerus caffer) in the Kruger National Park. J Environ Monit 3: 583—
585.

20. Girio RJ, Yanaguita RM, Mathias LA (1985) Comparative study of four
saprophytic leptospira strains as screening antigens in the serodiagnosis of
leptospirosis in water buffaloes (Bubalus bubalis). Int J of Zoonoses 12: 61-66.

2

=

. Potgieter LN (1995) Immunology of bovine viral diarrhea virus. Vet Clin North
Am Food Anim Pract 11: 501-520.

J Veterinar Sci Technolo

Veterinary Anatomic Pathology

ISSN: 2157-7579 JVST, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/3632498
http://www.ncbi.nlm.nih.gov/pubmed/3632498
http://www.ncbi.nlm.nih.gov/pubmed/2573334
http://www.ncbi.nlm.nih.gov/pubmed/2573334
http://www.ncbi.nlm.nih.gov/pubmed/2573333
http://www.ncbi.nlm.nih.gov/pubmed/2573333
http://www.ncbi.nlm.nih.gov/pubmed/2573333
http://www.ncbi.nlm.nih.gov/pubmed/1585077
http://www.ncbi.nlm.nih.gov/pubmed/1585077
http://www.ncbi.nlm.nih.gov/pubmed/1585077
http://www.ncbi.nlm.nih.gov/pubmed/19487001
http://www.ncbi.nlm.nih.gov/pubmed/19487001
http://www.ncbi.nlm.nih.gov/pubmed/19487001
http://www.viarural.com.ar/viarural.com.ar/ganaderia/asociaciones/bufalos/bufalosenargentina01.htm
http://www.viarural.com.ar/viarural.com.ar/ganaderia/asociaciones/bufalos/bufalosenargentina01.htm
http://www.ncbi.nlm.nih.gov/pubmed/13921284
http://www.ncbi.nlm.nih.gov/pubmed/13921284
http://www.ncbi.nlm.nih.gov/pubmed/9241846
http://www.ncbi.nlm.nih.gov/pubmed/9241846
http://www.ncbi.nlm.nih.gov/pubmed/9241846
http://www.ncbi.nlm.nih.gov/pubmed/9241846
http://www.ncbi.nlm.nih.gov/pubmed/9620426
http://www.ncbi.nlm.nih.gov/pubmed/9620426
http://www.ncbi.nlm.nih.gov/pubmed/9620426
http://www.ncbi.nlm.nih.gov/pubmed/12958300
http://www.ncbi.nlm.nih.gov/pubmed/12958300
http://www.ncbi.nlm.nih.gov/pubmed/17949764
http://www.ncbi.nlm.nih.gov/pubmed/17949764
http://www.ncbi.nlm.nih.gov/pubmed/17949764
http://www.ncbi.nlm.nih.gov/pubmed/1911999
http://www.ncbi.nlm.nih.gov/pubmed/1911999
http://www.ncbi.nlm.nih.gov/pubmed/1911999
http://www.ncbi.nlm.nih.gov/pubmed/10363091
http://www.ncbi.nlm.nih.gov/pubmed/10363091
http://www.ncbi.nlm.nih.gov/pubmed/7336570
http://www.ncbi.nlm.nih.gov/pubmed/7336570
http://www.ncbi.nlm.nih.gov/pubmed/2518661
http://www.ncbi.nlm.nih.gov/pubmed/2518661
http://www.ncbi.nlm.nih.gov/pubmed/2518661
http://www.ncbi.nlm.nih.gov/pubmed/15757803
http://www.ncbi.nlm.nih.gov/pubmed/15757803
http://www.ncbi.nlm.nih.gov/pubmed/11785630
http://www.ncbi.nlm.nih.gov/pubmed/11785630
http://www.ncbi.nlm.nih.gov/pubmed/11785630
http://www.ncbi.nlm.nih.gov/pubmed/11785630
http://www.ncbi.nlm.nih.gov/pubmed/4055269
http://www.ncbi.nlm.nih.gov/pubmed/4055269
http://www.ncbi.nlm.nih.gov/pubmed/4055269
http://www.ncbi.nlm.nih.gov/pubmed/8581860
http://www.ncbi.nlm.nih.gov/pubmed/8581860

Citation: Venzano AJ, Morris WE, Delgado F, Capellino F, Funes D, et al. (2011) Acute Hemolytic Syndrome and Chronic Liver Disease in Water
Buffalos (Bubalus bubalis). J Veterinar Sci Technol S5:002. doi:10.4172/2157-7579.S5-002

Page 4 of 4
22.Zava M (1992) Produccién de bufalos. Orientacion grafica editora S.R.L., 24. Goeger DE, Cheeke PR, Schmitz JA, Buhler DR (1982) Effect of feeding milk
Buenos Aires, Argentina. from goats fed tansy ragwort (Senecio jacobaea) to rats and calves. Am J Vet

) ' I . . . Res 43: 1631-1633.
23. Zicarelli L (2004) Buffalo milk: its properties, dairy yield and mozzarella

production. Vet Res Commun Supplement 1: 127-135. 25. Galvano F, Ritieni A, Piva G, Pietro A (2008) Mycotoxins in the human food
chain. In: Diaz DE editor, The Mycotoxin Blue Book. Notingham University
Press; Nottingham, UK.

This article was originally published in a special issue, Veterinary
Anatomic Pathology handled by Editor(s). Dr. Diana L. Eubanks, Mississippi
State University, USA; Dr. Serkan Erdogan, Dicle University, Turkey; Dr.
Bahramsoltani Mahtab, University of leipzig, Germany; Dr. Fawzy Elnady,
Cairo University, Egypt

J Veterinar Sci Technolo Veterinary Anatomic Pathology ISSN: 2157-7579 JVST, an open access journal


http://dx.doi.org/10.4172/2157-7579.S5-002
http://www.ncbi.nlm.nih.gov/pubmed/15372941
http://www.ncbi.nlm.nih.gov/pubmed/15372941
http://www.ncbi.nlm.nih.gov/pubmed/7149409
http://www.ncbi.nlm.nih.gov/pubmed/7149409
http://www.ncbi.nlm.nih.gov/pubmed/7149409

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Acknowledgment
	Table 1
	Figure 1
	References

