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It is reported the occurrence of enzootic hematuria (EH) in buffaloes in Brazil after
performing an epidemiological survey and clinicopathological analises. To date, EH caused by
ingestion of Pteridium esculentum subsp. arachnoideum, a radiomimetic plant popularly known
as “bracken fern”, has not been described in this species in Brazil. Bovine EH is responsible
for high economic losses in Brazil’s Southeast Region not only because of the deaths it causes,
but also owing to its negative effect on productivity. In Sao José do Barreiro County, Sao
Paulo, some farmers in areas with a high incidence of bovine EH have been replacing cattle
with buffaloes, based on the premise that the latter would be more resistant to poisoning
by ingestion of Pteridium spp. However, even though initial observations indicated that
buffaloes are indeed less sensitive than cattle to the toxic principle of Pteridium spp., cases of
hematuria in this species have been reported. According to preliminary date, EH only occurs
in buffaloes over six years of age. Macroscopic examination revealed a thickened urinary
vesicle mucosa, along with multiple foci of ulcerated, exophytic, verrucous, and pedunculated
lesions. In one of the buffaloes studied, the bladder wall was ruptured and exhibited marked
secondary inflammation. Histologically, neoplastic and non-neoplastic changes similar to
those described in cattle poisoned by Pteridium spp. were observed. The neoplasms found
included papilloma, carcinoma in situ, urothelial carcinoma (low and high grade), inverted,
microcystic, and trabecular variants, urothelial carcinoma with divergent differentiation
(squamous and glandular), squamous cell carcinoma, lymphangioma, hemangioma, and
hemangiosarcoma. There was also coexistence of epithelial and mesenchymal neoplasms.
Bovine papillomavirus particles were not detected by polymerase chain reaction in the
bladder samples analyzed.

INDEX TERMS: Hematuria, buffaloes, Brazil, Pteridium spp., bracken fern, bladder neoplasm.
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RESUMO.- [Ocorréncia de hematiria enzootica em buifalos
no Brasil: aspectos epidemiolodgicos, clinicos e patoldgicos.]
Descreve-se, através de levantamento epidemiolégico e avaliagdo
clinico-patoldgica, a ocorréncia de hematiria enzoética (HE)
em bufalos no Brasil. Essa condi¢do, causada pela ingestao da
planta radiomimética Pteridium esculentum subsp. arachnoideum,
conhecida popularmente como “samambaia” ou “samambaia
do campo”, até entdo ndo havia sido descrita nessa espécie
no Brasil. Na Regido Sudeste, a HE bovina é responsavel
por elevadas perdas econdmicas, devidas ndo apenas aos
6bitos, mas também em funcido da queda de produtividade.
No municipio de Sdo José do Barreiro/SP, alguns produtores
de areas com alta incidéncia de HE bovina, vém substituindo
os bovinos por bufalos, com base na premissa de que estes
seriam mais resistentes a intoxica¢do. Embora, de acordo
com observagdes iniciais, os bufalos realmente sejam menos
sensiveis que os bovinos ao principio téxico de Pteridium
spp., ainda assim, tem-se verificado a ocorréncia de casos
de hematuria nessa espécie. De acordo com o levantamento
inicial, a HE s6 ocorre em bufalos com idade a partir de seis
anos. Ao exame macroscopico, verificou-se a mucosa da bexiga
espessa, com multiplos focos de lesdes ulceradas, exofiticas,
papiliformes, verrucosas, pedunculadas. Histologicamente,
foram observadas alteracdes neoplasicas e ndo neoplasicas
semelhantes as descritas nos bovinos com HE. Entre as
neoplasias foram encontrados papiloma, carcinoma in situ,
carcinoma urotelial (baixo e alto grau), variantes invertida,
microcistica e trabecular, carcinoma urotelial com diferencia¢do
divergente (escamosa e glandular), carcinoma de células
escamosas, linfangioma, hemangioma e hemangiossarcoma.
Ocorreu também coexisténcia entre neoplasias epiteliais e
mesenquimais. Nao foram detectadas particulas de papilomavirus
bovino pelo teste PCR nas amostras de bexiga analisadas.

TERMOS DE INDEXACAO: Hematria, bufalos, Brasil, Pteridium spp.,
samambaia, neoplasia de bexiga.

INTRODUCTION

Plants of the genus Pteridium are among the most important
toxic plants because of their cosmopolitan distribution and
high carcinogenic potential for animals and, possibly, humans.
Pteridium esculentum subsp. arachnoideum (Pteridium
arachnoideum was reclassified as Pteridium esculentum subsp.
arachnoideum (Kaulf) by Thomson 2012) is one of the plants
that cause severe economic losses in Brazilian livestock; its
common names include “bracken fern” and “field bracken”
in the Southeast Region of Brazil. Even though this species
is generally known to be invasive by academics that work
in this area, only few of the people oustside the academic
environment know or believe that this is one of the most
important toxic plants for cattle (Tokarnia et al. 2012).

In cattle ingestion of Pteridium spp. causes one or more of the
three different clinic-pathological conditions determined by the
radiomimetic action of the plant, which comprise neoplasms of
the upper alimentary tract, enzootic hematuria (EH) (Dobereiner
etal. 1967, Tokarnia et al. 1969), and hemorrhagic diathesis
(Tokarnia et al. 1967), leading to heavy economic losses for
cattle ranchers in Brazil (Tokarnia et al. 2012). EH has been
described mainly in cattle, whereas reports on EH in buffaloes
are scarce. To date, EH in buffaloes has been reported only in
Turkey, Formosa, Indonesia, and India (Pamukcu 1955, 1957,

Pesq. Vet. Bras. 42:e06875, 2022

1974, Aydin & Ozkul 1995, Ozkul & Aydin 1996, Somvanshi
etal. 2012, Maiolino et al. 2013, Yiicel Tenekeci et al. 2017).
The carcinogenic effect of Pteridium spp. is caused by
the norsesquiterpene ptaquiloside (PTQ), a toxic principle
responsible for its radiomimetic action (Hirono et al. 1984,
Hirono 1990). The impact of this radiomimetic action may
vary depending on the animal species, time of ingestion,
and daily amount ingested (Tokarnia et al. 2012). A recent
study showed that bracken additionally contains illudanes,
which could contribute to its toxicity and carcinogenicity,
although PTQ is considered the primary carcinogen of this
plant (O’Connor etal. 2019). Some authors further suggested
the co-participation of bovine papillomavirus type 2 in the
pathogenesis of enzootic bovine hematuria (EBH) (Olson et
al. 1959, Jarrettetal. 1978, Campo et al. 1992, Wosiacki et al.
2002, Borzacchiello etal. 2003, 2007, Roperto et al. 2005, 2007,
2008a, 2008b, Wosiacki et al. 2005, 2006, Balcos et al. 2008,
Pathania et al. 2011, Resendes et al. 2011, Dias et al. 2012).
In cattle, EH is characterized by a clinical course thatincludes
chronic intermittent hematuria, anemia, and progressive
weight loss, culminating in death. According to Pamukcu
(1957), EH affects cattle and buffaloes aged 2 to 14 years.
Atnecropsy, the bladder of cattle and buffaloes with EH may
exhibit thickening of the wall, firm tumors with a yellowish,
irregular surface protruding into the lumen, and/or multiple
reddish polypoid formations, sometimes ulcerated and covered
by blood clots. In some cases, the bladder may reach a size
6-7 times larger than average, and contain dark red urine and
blood clots (Souto et al. 2006, Oliveira 2009, Yiicel Tenekeci
et al., 2017). Grape-like clusters, comprising broad-based
nodules that are firm in consistency and grayish in color, may
also be observed. The bladder mucosa may be covered by flat,
rough, red to orange-colored elevations, which sometimes form
clusters (Tokarnia et al. 1969); cattle may exhibit pale mucous
membranes and watery blood (anemia) (Souto et al. 2006).
In the Southeastern Region of Brazil, bovine EH is responsible
for high economic losses due to decreased productivity and
death. In this region, EH occurs in many areas heavily invaded
by P, esculentum subsp. arachnoideum, and has made many
small dairy cattle farms unviable. This situation has led to
migration of small producers, who need to sell their properties
owing to their inability to earn a living and are forced to settle
on the outskirts of nearby cities (Galvao & Peixoto 2012). In
Sdo José do Barreiro County, Sdo Paulo, for approximately
15 years, some producers in areas with a high incidence of
bovine EH have been replacing cattle with buffaloes based
on the assumption that the latter are more resistant to this
disease than cattle. In fact, initial observations suggest that
buffaloes are more resistant to the toxic principle of Pteridium
spp. than cattle. The present study reports the occurrence of
EH and its epidemiological, clinical, and pathological aspects
in buffaloes in Brazil.

MATERIALS AND METHODS

Visits were made to nine of 12 dairy buffalo farms in Sdo José do Barreiro
County to characterize the epidemiological and clinic-pathological
aspects of intoxication by Pteridium esculentum subsp. arachnoideum.
During the visits, hematuria was observed in two buffaloes from
different properties. The herds of these properties consisted of 25
to 50 buffaloes. Five buffaloes with a history of hematuria were
identified in the properties visited; they were slaughtered owing to
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an unfavorable prognosis. It was possible to monitor the slaughter
and collect material from three of those buffaloes.

The clinical history of the buffaloes was obtained by interviewing
their buyers and/or sellers on the day of the slaughter. On the
same day, visual evaluations of the animals were performed in
the waiting pen of the slaughterhouses. Various types of behavior
(level of consciousness, posture, locomotion, coat, abdominal shape,
respiratory characteristics) were observed according to Feitosa
(2014); urine color and body condition score (BCS) were assessed
based on a scale of 1 to 5 according to Anitha et al. (2011).

Urinalysis. It was possible to collect an ante mortem urine sample
from only one of the three female buffaloes. The urine sample was
collected in a urinalysis flask during spontaneous urination. The
sample was kept under refrigeration, and sent to the Laboratory
of Clinical Pathology of the “Instituto de Veterinaria” (Veterinary
Institute - IV) of “Universidade Federal Rural do Rio de Janeiro
(UFRR])”, Seropédica/R]. Physical, chemical, and sediment analyses
were performed.

Samples. Bladders, ureters, and kidneys of three female
buffaloes slaughtered in slaughterhouses in Barra Mansa (Rio de
Janeiro), Cruzeiro and Bananal (Sdo Paulo) Counties, were obtained
for macroscopic and histopathological studies. The three buffaloes
were identified as Buffalo 1, Buffalo 2, and Buffalo 3.

Histopathology. Fragments from the organs were fixed in
10% buffered formalin for histopathological examination and
were reviewed by three pathologists. The material was routinely
processed, and stained with hematoxylin and eosin (HE). The
material was processed at the “Setor de Anatomia Patolégica”
(Pathology Sector - SAP) of IV-UFRR].

The histological classification used this study was based on
the classification used for humans by the Armed Forces Institute
of Pathology of the United States of America (AFIP), described by
Murphy et al. (1994), and in the book Ackerman’s Surgical Pathology
(Orddnez & Rosai 1996). In addition, histological variants of invasive
urothelial carcinomas were classified according to the World Health
Organization (WHO) Morphological Classification for human urothelial
tumors (Lopez-Beltran et al. 2004, Cheng & Lopez-Beltran 2016,
Humphrey et al. 2016) and the standards used for cattle with EH
(Franga 2002, Peixoto et al. 2003, Carvalho et al. 2006, Roperto et
al. 2010). Non-neoplastic lesions, when possible, were categorized
according to the standards described by Franga (2002), Peixoto et
al. (2003), Carvalho etal. (2006), Roperto et al. (2010), and Meuten
(2017). Urothelial carcinomas were graded into four categories
(grades 1 to 4), as proposed by Cheng et al. (2012) for humans,
and adapted for domestic animals as low and high grades (Meuten
2017). Pathological staging of tumor invasion levels based on the
TNM system was also performed (Cheng & Lopez-Beltran 2016).

Polymerase chain reaction (PCR). One paraffin-embedded
bladder sample from each of the three buffaloes, which had been
fixed in 10% buffered formalin and routinely processed by the
Pathology Sector (SAP) of the IV-UFRR], were sent to the Virology
Laboratory of the “Departamento de Patologia Clinica Veterinaria”
(Veterinary Clinical Pathology Department) of “Universidade Federal
do Rio Grande do Sul” (UFRGS) for polymerase chain reaction
(PCR) analysis. The samples were macerated with a mortar and
pestle in 1mL of phosphate-buffered saline (PBS) at a pH of 7.4
and centrifuged at 720 x g for 10 min. Total DNA was isolated from
100pL of the sample using a phenol-chloroform-based protocol
(Sambrook & Russel 2001). DNA quantity and quality were assessed
by spectrophotometry using a NanoDrop™ spectrophotometer
(Thermo Fisher Scientific). Conventional PCR was performed using

the primers FAP 59 (5'-TAACWGTIGGICAYCCWTATT-3") and FAP 64
(5'-CCWATATCWVHCATITCICCATCATC-3") to amplify a relatively
conserved fragment of the L1 gene of all known papillomavirus
types (Forslund et al. 1999). This approach may fail to detect novel
papillomavirus genomes in papilloma lesions, given the lower
base-pairing homology in the 3’ region of both primer binding sites
(Daudt et al. 2016). The conditions for performing the PCR were
as follows: 94°C for 5 min; 40 cycles of 94°C for 1 min, 55°C for 1
min, and 72°C for 1 min; and 72°C for 5 min. The amplicons were
submitted to electrophoresis in a 0.5% agarose gel and visualized
under an ultraviolet light source.

RESULTS

Epidemiological data

The epidemiological survey conducted from 2017 to 2019
in the mountainous region known as Sertdo da Onc¢a (Jaguar’s
Backwoods), located in Sao José do Barreiro County, Sdo
Paulo, revealed that all nine properties visited were heavily
invaded by Pteridium esculentum subsp. arachnoideum
(Fig.1). According to the accounts of the owners, mowing
the pastures throughout the year and planting Brachiaria sp.
sin. Urochloa (signal grass) were common practices. Most of
the buffalo dairy farms (8/9) also kept some cattle for milk
and beef production. All the milk produced was intended
for cheese production, which was sold in the metropolitan
region of Rio de Janeiro. Buffalo dairy farming was introduced
in the region approximately 15 years ago, based on the
assumption that buffaloes are more resistant to poisoning
by P, esculentum subsp. arachnoideum than cattle. Ten of the
12 dairy farmers in the region replaced cattle with buffaloes
or introduced buffaloes into dairy farming. All the farmers
reported being more satisfied with buffalo husbandry, and
stated that buffaloes are more resistant to hematuria than
cattle. The farming in the properties was extensive; in some
farms (4/9), buffaloes were supplemented with citrus pulp
and commercial concentrate in the dry season of the year.
These pastures were mainly composed of P esculentum subsp.
arachnoideum (70-90%) and Urochloa sp. (10-30%). Enzootic
bovine hematuria (EBH) was a disease that the producers of
that region knew well; however, few of them (2/9) believed
that it was directly and exclusively associated with ingestion
of Pteridium sp. More than 50% (6/9) of the farmers believed
that EBH was caused by consumption of Urochloa sp. or by

Fig.1. Enzootic hematuria in buffaloes in Brazil. Buffalo in pasture
invaded by Pteridium esculentum subsp. arachnoideum in Sdo
José do Barreiro County, Sdo Paulo.

Pesq. Vet. Bras. 42:e06875, 2022
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the association of both plants. The producers also alleged that
EBH cases began to occur after the introduction of Urochloa
decumbens (var. australiana) in the beginning of the 1970s.

Clinic and pathological findings

During the anamnesis performed in the presence the
buyers or sellers of the buffaloes, they were found to have
little information about the animals. The buyers or sellers
reported thatall of the animals had hematuria (Fig.2), and that
they were adult dairy cows aged from 6 to 8 years. All three
buffaloes had an average level of consciousness (alertness),
posture, and locomotion. The coat of the three buffaloes was
clean, shiny, and free of ectoparasites. The urine from Buffalo
1 wasred in color. The body condition scores (BCSs) were 3.5,
2.5, and 3.0, respectively, for Buffaloes 1, 2, and 3.

Aturinalysis, the urine of Buffalo 1 was characterized by a
reddish turbid aspect, a specific density of 1.034, an alkaline
pH (9.0), and an intense amount of blood and proteins. At
the sedimentoscopy, the number of red blood cells per field
was uncountable, and reading of the other parameters was
impaired owing to intense hematuria.

During slaughter, samples of bladder, ureters, and kidneys
of the three buffaloes were collected.

Macroscopy
The macroscopic changes in the bladders of Buffaloes 1
and 2 were similar, and were characterized by a shiny, irregular,

o

Fig.2. Enzootic hematuria in buffaloes in Brazil. Buffalo with reddish
urine (enzootic hematuria).

Pesq. Vet. Bras. 42:e06875, 2022

pleated, and diffusely edematous, thick mucosa with a soft
to gelatinous consistency. The proliferative lesions were
multifocally disseminated, 0.3cm to 2cm in diameter, firm
to elastic, circumscribed, sessile with smooth or arboriform
surfaces, and pedunculated. The color of the lesions ranged
from whitish to brownish red. There were few foci of erosions,
petechiae, and ecchymoses with intravesical clots (Fig.3). The
bladder of Buffalo 3 had, in addition to the changes already
described for Buffaloes 1 and 2, an ulcerated, proliferative,
expansile (transmural) lesion of 14cm in diameter. The contour
and surface of this lesion were markedly irregular with areas
ranging from gray to dark red. In addition to blood clots, a
large quantity of a greenish fibrin suppurative exudate was
attached to this lesion.

In addition, there was formation of a plaque with a white
surface and well-defined irregular contour, similar to leukoplakia,
measuring approximately 1.5cm x 2.0cm in another area of
the bladder. The same buffalo exhibited suppurative pyelitis
with dilatation of the calyces. The ureters had moderately
thickened walls. The left ureter was moderately dilated with
serosanguineous content, multifocal mucosal suffusions, and
a circumscribed, slightly elevated, brownish lesion located
in its cranial segment. The renal parenchyma had a slightly
irregular surface with pale areas and multifocal ecchymoses.
Discrete whitish linear areas were observed on the cut surface;
they were radiated, sometimes coalescent, and irregularly
distributed in the medulla. During sample collection, a gravid
uterus at a gestational stage of approximately 90 days was
observed in all three buffaloes, according to fetal morphometry
(Abdel-Raouf & El-Naggar 1969).

Microscopy

The changes found in the bladders of the three buffaloes
were divided into non-neoplastic (Table 1) and neoplastic
lesions (Table 2). The non-neoplasticlesions were subdivided
into dysplasia, metaplasia (Fig.4), hyperplasia, inflammation

Fig.3. Enzootic hematuria in buffaloes in Brazil. Bladder from Buffalo 1
after fixation. The mucosa is bright, markedly and irregularly pleated,
diffusely edematous/thick, with a soft to gelatinous consistency.
The proliferative lesions were multifocally disseminated, 0.3cm
to 2cm in diamater, firm to elastic, circumscribed, sessile with
smooth or arboriform surfaces, and pedunculated.
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(Fig.5), and non-neoplastic vascular lesions (Fig.6-7),
hemorrhage, fibrosis or fibroplasia, and other alterations.
Neoplasticlesions included urothelial carcinomas of all grades
(1 to 4), and equivalent low and high grades. Most invasive
neoplasms were at the T1 stage in all buffaloes, i.e. they invaded
only the lamina propria (connective tissue) underlying the
epithelium. Only Buffalo 3 exhibited carcinoma at the T2b
stage (with invasion of the external musculature). Nearly all
invasive tumors were grade 3 or 4 (high grade); very rarely,
they were grade 2 (low grade). The histological variants of
invasive urothelial carcinomas in the samples analyzed were
inverted (Fig.8), trabecular (Fig.9), microcystic (Fig.10). A
urothelial carcinoma with divergent, squamous (Fig.11), and

glandular (apocrine - Fig.12) differentiations was observed
in the bladders of Buffalo 1 and Buffalo 3. Squamous cell
carcinoma in situ (Fig.13) was observed in Buffaloes 1 and 2,
often near the invasive areas. Squamous cell carcinoma (Fig.14)
was also present in only one of the samples, and it had areas
with T1 staging (Table 2). All buffaloes had papillomas and
hemangiomas (the cavernous type was more frequent than
the capillary type); in Buffalo 1, a cavernous hemangioma that
converged with a high-grade papillary urothelial carcinoma
was present (Fig.15). Hemangiosarcomas were found in all
buffaloes; Buffalo 1 exhibited an incipient hemangiosarcoma
characterized by structurally well-formed vessels, but with
high endothelial atypia (Fig.16). Buffalo 3 showed the highest

Table 1. Non-neoplastic changes in the bladder of buffaloes with enzootic hematuria

Urothelial Urothelial Vascular Vascular Fibrosis
Animals atypia and Metaplasia . Cystitis Others . . Hemorrhage or
. Hyperplasia proliferation change ; .
dysplasia fibroplasia
Buffalo 1 Reactive Squamous Flat; Follicular; Amyloid; Atypical with Myxoid + +
SAP atypia; papillary; polypoid; myxoid stromal  architecture degeneration
35208 dysplasia Brunn'’s nests ulcerative; differentiation  of granulation (muscular
LI, 11 glandular tissue artery)
Buffalo 2 Reactive Squamous; Flat; Follicular; Myxoid stromal  Atypical with Myxoid + +
SAP atypia; intestinal papillary; polypoid; differentiation  architecture degeneration
35240  dysplasiaIl, III Brunn’s nests ulcerative; of granulation  (muscular
cystic; glandular; tissue artery);
intestinal hyalinization
Buffalo 3 Reactive Squamous; Flat; Follicular; Myxoid stromal  Atypical with Myxoid + +
SAP atypia; intestinal; papillary; polypoid; differentiation;  architecture degeneration
35241 dysplasia II squamous  Brunn’s nests cystic; lymphagiectasia; of granulation (muscular
with severe glandular; focal leukoplakia tissue artery);
paraqueratosis ulcerative with hyalinization
chronic active
inflammation
and bacterial
colonization
SAP = “Setor de Anatomia Patoldgica”, UFRR]; + Present; Grade of dysplasia: I = low, Il = moderate, I1I = high.
Table 2. Neoplastic lesions in the bladder of buffaloes with enzootic hematuria
Epithelial tumors Vascular tumors
Urothelial Urothelial
carcinoma carcinoma . . Squamous cell
Animals Papilloma CIS _(low grade)  (high grade) Vanarcl;i:ifll;;?;hehal carcinoma Hemangioma Lymphangioma Hemangiosarcoma
Grade Grade Grade Grade
1 2 3 4
Buffalo 1 + + +Ta +Ta, +Ta,T1 +T1 Microcystic; - + that converged - + incipient
SAP T1 Divergent with a high-
35208 differentiation grade papillary
squamous and urothelial
glandular (apocrine carcinoma
and intestinal) T1;
inverted
Buffalo 2 + - +Ta +Ta +T1 +T1 Microcystic - + - +
SAP
35240
Buffalo 3 + - - +Ta  +T1 +T1, Trabecular* T1; +T1 + + +
SAP T2b microcystic;
35241 Divergent
differentiation

squamous T2b.

CIS = carcinoma in situ; + Present, - absent; * Trabecular: histological variant of urothelial carcinoma, not included in the WHO classification; T = invasion:
Ta = papillary urothelial carcinoma not invasive, T1 = invaded only the lamina propria, T2 = with invasion of the detrusor muscle, T2a = internal layer,

T2b = external layer.

Pesq. Vet. Bras. 42:e06875, 2022
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number of hemangiosarcomas, which were larger and more
invasive (stage T2b) with well-differentiated, epithelioid
(Fig.17), and poorly differentiated areas. Due to the diversity
and coexistence of more than one histopathological alteration
in the same bladder, the microscopic findings are listed in
Table 1 and 2 to better visualize and understand the lesions
found in each buffalo.

In the ureters of Buffalo 3, there was marked transmural
edema, inflammatory infiltrate and fibroblastic proliferation,
in addition to multifocal erosion of the urothelium, diffuse,
discrete-to-moderate lymphoplasmocytic and macrophagic
infiltrates with rare eosinophils. The ureters of Buffalo 1 did
not showed relevant changes. It was not possible to collect and
evaluate the ureters of Buffalo 2. In the kidneys of Buffaloes
1 and 2, anisokaryosis of the collecting duct cells near the

Fig.6-7.(6-7) Intima-media vascular (arterial) myxoid degeneration: the tunicas intima and media of the muscular arteries exhibit myxoid

pelvis, interstitial mucinous deposits near the pelvis, and
swelling of groups of collecting duct cells were evident. In the
kidneys of Buffalo 3, there was mild-to-moderate segmental
glomerulonephritis, necrosis, degeneration, and hyperplasia
with atypia of tubular cells (tubular regeneration), mainly of
the collecting ducts, in which there was a lining of large and
atypical cells with marked megakaryosis and atypical (tripolar)
mitotic figures (Fig.18). In the pelvis, the interstitium was
found to have a moderately edematous aspect; there was
intima-media myxoid differentiation in the muscular artery,

) - _ < =X e % L :
Fig.5. Cystic and glandular cystitis with intestinal differentiation:
Brunn’s nests with the presence of moderately dilated lumen by
eosinophilic and globular material (cystic cystitis) and concomitant
areas of glandular differentiation with columnar epithelium and
calyciform cells (glandular cystitis). In the surrounding stroma,
there is a mild lymphocytic inflammatory infiltrate. HE, obj.10x.

s R ¥ S 53) 36, A, N

o

stroma and sparse spindle-shaped cells, some still exhibiting characteristics of leiomyocytes, whereas others have a stellate appearance

and some nuclear atypia. (6) HE, obj.20x. (7) HE, obj.40x.

Pesq. Vet. Bras. 42:¢06875, 2022
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papillary hyperplasia-type epithelial papilliform proliferation,
and areas of degeneration and necrosis of the urothelium
with neutrocytic infiltrates.

PCR

The result of the test for bovine papillomavirus detection
in the pooled bladder samples of the three buffaloes was
negative.

8‘. Q"" ﬁ‘ % 3 L

Fig.8. High-grade urothelial carcinoma with intraepithelial cysts
resembling a glandular lumen: the neoplastic cells proliferate
in contiguity with the lining of the urothelium and project into
the lamina propria (variants inverted and microcystic); there
is loss of maturation and the orderly arrangement of normal
urothelium, besides moderate anisokaryosis (detail). HE, obj.10x.

Fig.10. Microcystic urothelial carcinoma with different presentations:
lumen with slightly eosinophilic material lined by two layers
of low cubic to cylindrical epithelial cells, with cyst formation.
HE, obj.40x.

DISCUSSION

The diagnosis of enzootic hematuria (EH) associated with the
ingestion of Pteridium esculentum subsp. arachnoideum in
buffaloes was based on the characteristic clinic and pathological
picture and reinforced by the epidemiological survey. EH
occurs only in areas where there are toxic ferns. However,
some research groups believe in the possible participation of
bovine papillomavirus (BPV) in the genesis of bladder lesions
that cause hematuria (Olson et al. 1959, Brobst & Olson 1965,

(variant trabecular): note the small cells arranged in thin
trabeculae infiltrating a densely patterned fibrous stroma (fibers
are present in only one direction). HE, obj.20x.

Fig.11. High-grade urothelial carcinoma with squamous differentiatio
(divergent): amid a conventional urothelial carcinoma, there are
solid nests and a microscopic structure composed of polyhedral
neoplastic cells, hypereosinophilic, and with noticeable intercellular
bridges. HE, obj.40x.

Pesq. Vet. Bras. 42:e06875, 2022
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Campo etal. 1992, Borzacchiello et al. 2003, 2007, Wosiacki
et al. 2006, Balcos et al. 2008, Roperto et al. 2008a, 2008b,
Pathania et al. 2011, Resendes et al. 2011, Dias et al. 2012).
In addition to the studies conducted in cattle, some papers
highlight the hypothesis that BPV plays a role in urothelial

carcinogenesis in buffaloes (Somvanshi 2011, Somvanshi et
al. 2012, Maiolino et al. 2013, Roperto et al. 2013).

The most important factor to be considered when
performing the differential diagnosis and establishing the
diagnosis is that there is no analogous disease that presents

Fig.12. Low grade urothelial carcinoma with glandular differentiation Fig.13. Morphological ev1dence of progression from dyspla51a to

(divergent): besides the urothelium, multiple areas of glandular
differentiation are noted with cylindrical cells lining the
lumens, invading and compressing the lamina propria. In the
upper highlight, the apical membrane of some neoplastic cells
detaches in eosinophilic globular material into the lumen
(apocrine differentiation). In the lower highlight, cylindrical
cells demonstrate a uniform and hypereosinophilic lining with
irregular projections in their apical membrane. HE, obj.10x.

Fig.14. Squamous cell carcinoma: in aregion of squamous metapla51a
with marked keratinization, the cells that make up the lesion
exhibit moderate atypia with several evident nucleoli and
projections toward the lamina propria. This area corresponds
to a macroscopic lesion similar to leukoplakia. HE, obj.20x.

Pesq. Vet. Bras. 42:¢06875, 2022

carcinoma in situ: dysplastic urothelium in the left portion of
the image; note the cytological characteristics of malignant cells
including hyperchromatic nuclei with an irregular contour and
size (anisokaryosis) and evident nucleoli, besides a discrete
focus of microinvasion. In detail, note the presence of globular
urothelial cells, eventually binucleated, with pagetoid appearance.
HE, obj.20x.

F1g 15. Colllslon of a cavernous hemangloma with a high- grade
urothelial carcinoma: large vascular spaces lined by endothelial
cells without atypia and filled by red blood cells that meet the
neoplastic urothelium.
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with bladder neoplasms and hematuria in an enzootic form
as does EH in buffaloes and cattle. The epidemiological data
and results of experiments involving the ingestion of plants of
the genus Pteridium indicate that these plants are the primary
cause, or at least the leading cause, of EH. Rosenberger (1965)
clinically reproduced EBH in Germany by daily administration
of approximately 2kg of P aquilinum hay per day to a cow
over approximately eight to nine months. At the same time,
Stamatovic et al. (1965) also induced neoplasms in cattle by
oral administration of P aquilinum. This prolonged ingestion
time coincides with the time required for cattle introduced
into pastures invaded by bracken to develop hematuria.

F1g 16 Inc1p1ent hemanglosarcoma structurally well- formed Vessels
resembling venules in the edematous stroma, often lined by
endothelial cells with high nuclear atypia (large and convoluted
nuclei and multinucleation). HE, obj.40x.

Epidemiologically, there is another robust evidence of
the close association between ingestion of Pteridium spp.
and EH. For example, hematuria caused by neoplastic or
hyperplastic lesions in the bladder only occurs when animals
graze in areas with fern in the fields. In Brazil, P esculentum
subsp. arachnoideum has a wide distribution and occurs
mainly in mountainous, cold, and high rainfall regions with
acidic and well-drained soils (Tokarnia et al. 2012); such
edaphic characteristics are present in the region studied. In
another study in S3o José do Barreiro County, Sdo Paulo, it
was observed that 75% of cows in properties were affected
by EH (Franca et al.,, 2002). The buffaloes affected by EH in
this study were aged between 6 and 8 years, which agrees
with the age range of higher occurrence of bladder tumors in
cattle and buffaloes affected by this disease (Pamukcu 1957,
Yiicel Tenekeci et al. 2017). Even though the three bufalloes
affected in this study were female, EH occurs equally in males
and females (Pamukcu 1963).

An opposing hypothesis to explain the development of
EH is that previous infection with BPV is necessary for cattle
to develop the characteristic bladder lesions. However, this
claim is inconsistent in view of the fact that a large number
of cattle with EH are BPV negative, and also consideering the
persistent failure to induce neoplasms and/or hyperplastic
processes in cattle bladders since the study by Olson et al.
(1959) - Dobereiner et al. (1966), for example, failed to
induce these lesions by inoculation with BPV. The argument
that some plants of the genus Pteridium may induce, by
themselves, the formation of neoplasms is also extremely
solid when considering the numerous experiments performed
with plants of this genus in the most diverse animal species,
such as guinea pigs (Evans 1968), quails (Maeda 1975), rats
(Price & Pamukcu 1968), and mice (Hirono et al. 1970). All
these experimental studies indicate that BPV infection is not
required for EH to occur in buffaloes or cattle. However, since
the hypothesis that BPV causes EH is still considered today,

F1g 17 Poorly dlfferentlated eplthellOId hemanglosarcoma
predominantly solid neoplastic proliferation, small vascular
lumens, abundant eosinophilic cytoplasm, and moderate nuclear
pleomorphism. HE, obj.40x.

Fig. 18 Degeneratlon and atypla of the eplthellum of collectmg ducts
The collecting ducts exhibit swollen epithelial cells, partly with
moderate anisokaryosis and tripolar mitosis. HE, obj.40x.

Pesq. Vet. Bras. 42:e06875, 2022
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bladder samples from the three buffaloes studied were sent
to a laboratory to detect this virus by PCR, and the result
was negative. However, the possibility of a false-negative
result cannot be ruled out because formalin fixation may
decrease the possibility of BPV detection in tissue samples
(De Alcantara et al. 2015). Under ideal conditions, the possible
presence of BPV should be tested using in situ hybridization
(ISH), to correlate the location and distribution of this virus
in tissues with cytomorphological alterations (Yaguiu et
al. 2006), and/or using metagenomic analysis, in order to
analyze the infection status and coinfections between different
types of papillomaviruses, survey the viral genetic diversity,
investigate whether these factors contribute to epidemiological
differences in the development of neoplastic lesions (Hu et
al. 2020, Sauthier etal. 2021), and even check the possibility
of presence of new viruses (Pastrana et al. 2018). Moreover,
considering the evidence provided by the works mentioned
above, epidemiological data, and the clinical and pathological
findings presented here, everything indicates that the possible
presence of BPV in the bladder of buffaloes and cattle with EH
would have no significance in the pathogenesis of the disease.

Weakness, progressive weight loss, and isolation from
the herd have been described in cattle clinically affected by
EH (Souto et al. 2006, Rai et al. 2017); however, none of the
buffaloes in the present study had a BCS below 2.5kg (lean).
Buffalo 3 was still within the BSC range considered ideal for
good reproductive and productive performance in buffaloes
(Anithaetal. 2011). Nevertheless, hematuria, a characteristic
clinical sign of EH (Dickinson 1940, Pamukcu etal. 1976), was
observed in all the buffaloes. Urinalysis of Buffalo 1 revealed
macrohematuria and proteinuria, as seen in cattle with EH
(Pamukcu etal. 1967, Falbo etal. 2005, Sdnchez-Villalobos et
al. 2004, 2006). The urine was alkaline, with a pH (9.0) out
of the physiological range for the species, which is between
7.43 and 7.62 according to Mohapatra et al. (2017).

The macroscopic lesions in the bladders observed in the
present study are similar to those described in cattle and
buffaloes. In addition, Buffalo 3 exhibited pyelonephritis with
dilatation of the renal pelvis, a lesion interpreted as secondary.

Histologically, there is almost a perfect correspondence
between the neoplastic processes observed in cattle and those
described in the bladder of humans (Peixoto etal. 2003); the
same occurred with buffaloes in the present study. According
to Maiolino etal. (2013), the morphological criteria suggested
for the classification of urothelial tumors in cattle (Roperto
etal. 2010) can also be used for buffaloes. We also observed,
in the buffaloes, non-neoplastic processes similar to those
observed in the urinary tract of humans exposed to radiotherapy
(Suresh et al. 1993), just as previously described in bovines
(Oliveira et al. 2011).

The non-neoplasticlesions observed in the present study
included moderate degree of dysplasia, hyperplastic processes
in the form of Brunn’s nests, squamous metaplasia, myxoid
stromal differentiation, cystic, glandular, follicular, and polypoid
cystitis, fibrosis, diffuse-to-multiple lymphoplasmacytic
infiltrates, and prominent lymphocytic foci around blood
vessels or neoplastic proliferation; these findings are similar
to those described in several other studies in cattle and
buffaloes with EH (Aydin & Ozkul 1995, Franga 2002, Peixoto
et al. 2003, Carvalho et al. 2006, Oliveira 2009, Oliveira et
al. 2011, Somvanshi et al. 2012, Yiicel Tenekeci et al. 2017).

Pesq. Vet. Bras. 42:e06875, 2022

Urothelial carcinomas with divergent differentiation
were identified as of those exhibiting areas of squamous or
glandular epithelium derived from conventional urothelial
carcinoma. The divergent squamous variant was the most
frequent; it was observed in several foci in two buffaloes,
with infiltration up to the external muscular layer in one of
them. On the other hand, the divergent glandular variant was
seen in a single animal; it had only one focus, and invaded the
lamina propria. In humans, the squamous variant also occurs
ata higher frequency(21%) than the glandular variant (6%)
(Cheng & Lopez-Beltran 2016).

Another histological variant found was urothelial carcinoma
with inverted growth (inverted urothelial carcinoma), which
exhibits endophytic growth with thick and irregular anastomoses,
strands, and trabeculae of urothelial cells with loss of polarity.
This variant has significant nuclear pleomorphism, numerous
mitotic figures, and architectural abnormalities consistent with
high-grade urothelial carcinoma, but the morphology of this
lesion may be mistaken for benign inverted papilloma (Cheng
& Lopez-Beltran 2016). In addition, the differential diagnosis
becomes more difficult because inverted urothelial carcinoma
also exhibits endophytic growth in the lamina propria (Guo
etal. 2016, Cheng & Lopez-Beltran 2016).

The microcystic variant of urothelial carcinoma referred
to in the present paper is characterized by intracellular and
intercellular microcysts engulfed by malignant urothelial or
squamous cells in the absence of true glands. The lumen is
usually empty, even though it may contain granular eosinophilic
debris, mucin, or necrotic cells. The cysts may be of variable
size, circular or oval, up to 2mm in diameter, and lined by
urothelium; they are infiltrative and mimic cystic and glandular
cystitis; elongated and irregular branching spaces are usually
seen. This variant was added to the WHO classification in 2004,
and is considered equivalent to pseudoglandular transitional
cell carcinoma (gland-like lumen) by AFIP authors (Murphy et
al. 2004, Venyo 2013); in cattle, Peixoto etal. (2003) describes
itas a transitional carcinoma with areas of pseudoglandular
differentiation.

A trabecular arrangement, not included in the WHO
classification, was considered in this study as one of the
histological variants of urothelial carcinoma; this type of
tumor was also found in the bladders of cattle with EBH
(Peixoto etal. 2003). According to Franga (2002), itis a tumor
constituted by urothelial cells that are poorly differentiated,
are rounded or polygonal, have circular or bizarre nuclei,
are vesicular with evident nucleoli, have an amphophilic or
eosinophilic cytoplasm, and are distributed in trabeculae or
cords formed by 1-2 or more cell layers. Finally, the presence
of many cells with “pagetoid aspect” in the bladder mucosa of
a buffalo should be highlighted. A microscopic alteration with
this denomination has already been described in the bladders
of cattle with EH. However, the morphology demonstrated by
photomicrographs may also represent high grade carcinoma
in situ; additionally, the occurrence of either type of these
tumors is not mutually excludent.

Minor variations between the classifications may sometimes
reflect only a preference for one term or another (Franga
2002). All classification systems are hampered by varying
subjectivity that affects interobserver reproducibility (Cheng
et al. 2012). In considering the classification of human
dysplasias, the World Health Organization (WHO) recommends,
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since 2004, not to grade them owing to the lack of criteria
to distinguish dysplasias from mild-to-moderate and high-
grade carcinomas in situ (Hodges et al. 2010, Akhtar et al.
2019). However, in this work, the nomenclature standards
used for cattle with EH were followed (Franga 2002, Peixoto
et al. 2003). According to the most current classification
system, urothelial carcinomas, formerly called transitional
cell carcinomas, were graded into four levels (grade 1 to 4),
thus incorporating the strengths of both the 1973 and 2004
classification systems. Using numerical data (grades 1 to 4)
and categorical schemes (low grade versus high grade) in a
single classification allows better stratification for research
purposes, and facilitates clinical decision making. In this system,
the term “papillary urothelial neoplasm of low malignant
potential” was eliminated, and the use of four grade levels
for urothelial tumors was suggested instead of three (Cheng
etal. 2012, Cheng & Lopez-Beltran 2016).

Another point that should be highlighted is that the
development of buffalo husbandry in the region where this
outbreak occurred as a consequence of the assumption
that these animals would be more resistant than cattle to
EH. There is evidence, in the literature, that buffaloes have
greater resistance to the toxic effect of some plants, such as
Palicourea juruana (Oliveira et al. 2004, Bastianetto & Barbosa
2009), which seems to be the case with regard to Pteridium
spp-- There are reports on the association between bladder
neoplasms and the ingestion of Pteridium spp. in buffaloes
(Pamukcu 1955, 1957, 1974, Aydin & Ozkul 1995, Ozkul &
Aydin 1996, Somvanshi et al. 2012, Maiolino et al. 2013, Yiicel
Tenekeci et al. 2017). According to Pamukcu (1957), even
though there are no comparative studies between cattle and
buffaloes with EH, the incidence of this disease in buffaloes
is not as high as in cattle.

Further fieldwork is still necessary to raise awareness
about EH in buffaloes and cattle among producers, and to
provide them with education on the control and prophylaxis
of poisoning by Pteridium spp. as well as information on the
risks of consuming unprocessed milk and milk derivatives
from these animals. There is also a need for more detailed
academic research on the epidemiology and clinical aspects
of this disease in buffaloes.

CONCLUSIONS

Enzootic hematuria (EH) associated with consumption
of Pteridium esculentum subsp. arachnoideum also occurs in
buffaloes in Brazil. The neoplastic and non-neoplastic lesions
found in this study are similar to those described in cattle
with this disease.

No bovine papillomavirus particles were detected by PCR
in formalin-fixed bladder samples.
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