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SUMMARY: Papillomaviruses, belonging to the Papillomaviridae family, are small oncogenic viruses, causing papillomas and
fibropapillomas in the mucosal and cutaneous epithelia of several animals. In bovine species, thirteen types (BPV 1-drdrtesizech
to date. In this study, the occurrence of papillomatosis in four outbreaks in cattle herds, coming from Brazilian stagstesd.r
The papillomatous lesions were found located in the teats, udders, head and neck. Under the transmission electron ryithescope, b
negative staining technique, it was possible to visualized rounded-format papillomavirus, with icosahedral symmetryzeldsaacteri
"full* and "empty" particles, measuring on average 60 nm in diameter, in all the 40 samples observed of skin lesion ffhgments.
ultrathin sections revealed the presence of groups of viral, intranuclear, rounded particles measuring 35 nm in dianbeter and tu
particles with a diameter of 35-39 nm. At immunoelectron microscopy technique, positivity obtained was marked by the presence o
aggregates of viral particles formed by the antigen-antibody interaction. In the immunocytochemistry technique, the @midgn-ant
reaction showed colloidal gold particles evenly distributed over the surface of the virus. These results showed the ioffgbgance
transmission electron microscopy techniques in the diagnosis of bovine papillomatosis that can be used in routine printedifyes to
viral agent of this important disease.
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INTRODUCTION

Papillomaviruses are small oncogenic, non-enveloped The papillomatosis in humans and different animal
and rounded viruses belonging to the Papillomaviridae familgpecies cause benign hyperproliferative lesions of both
These viral particles are characterized by their "full" anthucosal and cutaneous epithelium besides malignant tumors.
"empty" structures with diameters between 50 and 60 nm. Thecattle, the infection is often associated with development
capsid has a thickness of approximately 2 nm and conta@scutaneous papillomas and tumors of the gastrointestinal
capsomers with 72 morphological units, arranged in aand urinary tracts (Cortegged al.,2013).
icosahedral symmetry (Shah & Howley, 1990; Van
Regenmortett al, 2000; Doorbar & Sterling, 2001). The well- Thirteen types of bovine papillomavirus (BPV-1-13)
preserved architecture of capsids was demonstrated throwgdre described and classified into four genera. The delta-
atomic model Paintsil, 1998; Modis al, 2001). papillomavirus including BPV-1, 2 and 13 types induces

fibropapilloma in bovine species and sarcoid in equine, the

The genome of these viruses consists of a doublgi-papillomavirus which comprises the BPV-3, 4, 6, 9, 10,
stranded circular DNA with 7.2 to 8.0 Kbp which encodes 81 and 12 types which infect only the epithelial papillomas,
to 10 proteins and contains three regions, long control, eatlye epsilon- papillomavirus that includes the BPV- 5 and 8
and late regions. The early region encodes E1 to E8 ndgpes causing fibropapillomas and epithelial papillomas. Yet,
structural proteins with regulatory and replicative functionghe BPV-7 type does not belong to any of these genera
The late region encodes two structural proteins L1 and L(@gawaet al, 2004; Donget al, 2012).
forming the capsid. The BPV-4 type codifies the L3 protein
with an unknown function (Patelt al, 1987; Doobar & It was concluded that BPV-1 and 2 comprises the
Sterling, 2001). major cutaneous fibropapillomas. The BPV-1 can induce

" Laboratory of Electron Microscopy, Biological Institute of Sdo Paulo, Brazil.
™ Adolfo Lutz Institute, S&o Paulo, Brazil.

7



CATROXO, M. H. B.; MARTINS, A. M. C. P. F,; PETRELLA, S.; SOUZA, F.; NASTARI, B. D. B. Ultrastructural study of bovine papillomavirus during outbraeks in Brazil.
Int. J. Morphol., 31(2)777-784, 2013.

these lesions in teats and penis (Bletkl.,1994; Campo, About 60% of Brazilian herd are infected by at least
1997; Jelinek & Tachezy, 2005) while the bovine enzootiwith one type of bovine papillomatosis virus (Stoetal,
hematuria that affects digestory tract is related to BPV-2003). The heavy traffic of animals between different regions
(Schuch, 1998; Wosiackt al, 2002). Hatamat al (2008) of the country has contributed to the spread of this agent
and Borzachiello & Roperto (2008) demonstrated that ti{geiga, 1999).

BPV-5, 9 and 10 lead to the development of fibropapillomas

in the udder. The BPV 3 and 11 were isolated from skin In this study, we present ultrastructural aspects of
epithelial papillomas of different body parts (Pfisterl, virus in skin lesions in cattle population, in four outbreaks
1979; Hatamat al, 2011). Other experiments revealed inn Brazil.

the epithelia of the digestory tract the presence of BPV-4

(Borzachiello & Roperto, 2008) of teat the presence of BPV- The electron microscopy has been very helpful to
6 and 9 (Jarredt al, 1984; Hatamat al, 2008) of the tongue identify several viral agents during outbreaks (Roingeard,
the BPV-12 (Zhuet al, 2012) and in ears the BPV-132008) being elected as an important tool in the study of
(Lunardiet al, 2013). viruses with icosahedral structure (Garcea & Cahen, 2007).

Campo (1987) and Stringfellost al.,found that viral
replication in basal epithelial cells stimulateSMATERIAL AND METHOD
hyperproliferation and hyperplasia with formation of warts
and benign papillomas. However, genetic or environmental
factors might collaborate to become malignant. Description of the outbreaks.Four outbreaks of bovine
papillomatosis occurred in 2000, in herds located in the
Paintsilet al and Veiga (1999) described wart-shapedity of ltaruma, GO, Igarata, SP, Dourados, MS and Mogi
with sharp, rough or wrinkly surfaces resembling &uacu, SP, Brazil. The disease affected only females aging
“cauliflower”. from 1-2 years and the lesions were located mainly in the
teats and udders. In animals of the Dourados, MS,
The fibropapillomas affect both dairy and beef cattlpapillomas were also located in the head and neck. About
(Paintsilet al; Veiga, 1999). When papillomas are locate®0-70% of the animals were contaminated, and in the
in the teats and udders, it makes milking difficult and caDourados, MS, two animals died. The skin fragments were
cause a drop in milk production predisposing to mastitis amandomly collected from different parts of the body, teats,
spread of the virus through the perineum (Veiga, 1999, Canmdders, head and neck, who presented lesions. Ten samples
po, 2002). Jarret (1985) and Borzacchiello & Roperto (2008f fragments of skin lesions from each herd, totaling 40
reported that lesions can induce to loss of reproductisamples, were sent to the Electron Microscopy Laboratory
function with consequent collapse and death of the animatd. the Biological Institute, Sdo Paulo, Brazil and were
Young animals infected with these viruses and undergoipgocessed for transmission electron microscopy using
stressful confinement system, they become susceptiblertegative staining (rapid preparation), resin embedding,
secondary infections with significant weight loss and damag®mmunoelectron microscopy and immunocytochemistry
to the skin causing economic losses (Fenner, 1992; Veidechniques. Macroscopically, it was observed that all the
1999). fragments had high density formation of irregular shape,
roughly spherical, circunscribed and with diameter varying
Some authors detected in bovine specie the preseriicam 0.5 to 2 cm. The surface of these lesions was wrinkled,
of papillomavirus in skin as well as in semen, colostrungornified, grayish and lacking hair. Elevations and
urine, placenta, amniotic fluid, ovary and uterine mucosadentations determined the characteristic feature called
(Carvalho, 2003; Yaguiat al, 2006; Ropertet al, 2012). "cauliflower".
The transmission occurs through a direct contact from
infected animals or indirectly through teat cup linersiNegative staining technique (rapid preparation).This
drinkers, feeders, needles and syringes, handled when ntékhnique was performed according to the methodology
extraction and contaminated fences (Studdesl, 1988; described by Brenner & Horne (1959), Hayat & Miller
Yaguiu et al). Arthropod vectors such as ticks can act afl990) and Madeley (1997). Skin lesion fragments were
mechanical transmitters (Dalmat 1958; Somvames$hal, suspended in phosphate buffer 0.1 M and pH 7.0, placed in
1986; Mbuthiaet al, 1993). Preliminary studies indicatecontact with metallic copper grids with carbon stabilized
the presence of these viruses in the blood of cattle suggessogporting film of 0.5% collodium in amyl acetate. Next,
that this latent site may exert a role in the transmission tife grids were drained with filter paper and negatively stained
the disease (Diniet al., 2009). at 2% ammonium molybdate pH 5.0.
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Resin embedding techniqueFragments of skin lesions Immnunocytochemistry technique. In this technique, the
were fixed in 2.5% glutaraldehyde in 0.1M, pH7.0 phosphatmtigen-antibody reaction was marked by colloidal gold
buffer and post-fixed in 1% osmium tetroxide in the samgarticles, strongly enhancing the viral particles (Fig. 7, arrow).
buffer. After dehydration in cetonic series, the fragments

were embedded in Spurr resin. Ultrathin sections were cut In all the 40 analyzed samples of skin fragments, the
on the LKB ultratome and mounted on copper grids. Theapillomavirus was detected

sections were contrasted with uranyl acetate-lead citre*~
(Watson, 1958; Reinolds, 1963).

Immunoelectron microscopy techniqueln this technique,
copper grids, previously prepared with collodion film ant
stabilized with carbon were first incubated with protein 4
(Iml/ml), placed in contact with a virus-specific antibody -
After this, the grids were washed in PBS drops, incubat:.
with the viral suspension washed with drops of water ar.
negatively stained with 2% ammonium molybdate, pH 5.
(Almeida & Waterson,1969; Derrick, 1973; Berthiauate |
al., 1981).

Immnunocitochemistry technique.At the immunolabeling s
technique with colloidal gold particles for negative Sta'n'ngﬂg 1. Negatlvely stained paplllomawrus particles exhibit distinct,
the copper grids were placed in contact with viral suspen&@mated Capsomers (arrow) Bar: 70 m.

and, after removing excess with filter paper, the same wg~=

put on specific primary antibody drops. After successi

A drops in association with 10 nm gold particles (seconda
antibody). Grids were then contrasted at 2% ammoniug
molybdate, pH 5.0 (Knutton, 1995). Observations were mag®
in a Philips EM 208 electron microscope, at 80 kV. '

RESULTS

Negative staining technique (rapid preparation).In all
suspension of skin lesion fragments negatively contrast
and examined under a transmission electron microscope. it
was possible to observe papillomavirus particles, rounde
non-enveloped, arranged in groups, characterized as "fU.
(Fig. 1, arrow) and "empty" (fig. 3, arrow) with icosahedra =
symmetry, measuring about 60 nm in diameter. .\,
NN
Resin embedding technique Ultrathin sections of « &
fragments, revealed the presence of deformed nuclei w ‘
densely compacted chromatin (Figs. 3, 4, and 5), intranucle
spherical particles (figs. 2, 3, 4 and 5, big arrow) measurir -
35 nm in diameter and tubular particles (fig. 5, minor arrov
from 35 to 39 nm. The organelles were altered and emp
(Figs. 3 and 4, blue arrow). J

2. UItrathln section of the paplllomafragments Paplllomawrus
anuclear partlcles (arrow). Bar: 720 nm.

PPETTS

Immunoelectron microscopy techniqueThe presence Of 3 - Ultrathin sectlon ofthe paplllomafragments Paplllomawrus

aggregates formed by antigen-antibody interaction Confe“’ﬂganuclear particles (black arrow). Observe altered organelles and
the positive result for the papillomavirus (Fig. 6). empty (blue arrow). Bar: 720 nm.
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Fig. 4. Ultrathin section of the papilloma fragments. Papillomaviru.

intranuclear particles showing spherical particles (big black arroifig. 6. Papillomavirus particles aggregated by antigen-antibody
and tubular particles (minor black arrow). Observe altereigiteraction. Bar: 80 nm.

organelles and empty (arrow blue). Bar: 500 nm.

Fig. 5. Ultrathin section of the papilloma fragments. Papillomavirusig. 7. Immunocytochemistry technique. Papillomavirus marked

intranuclear particles presenting spherical particles (big arrow) 369 the particles of colloidal gold (arrow). Bar: 130 nm.
tubular particles (minor arrow). Bar: 500 nm.

DISCUSSION

The presence of papillomavirus in cattle herds during In our studies, heifers had ages ranging from 1-2 years
four outbreaks in Brazilian states was documented in thigcording to Maedat al. However, several authors verified
study under transmission electron microscopy techniquepapillomas both in young animals and in adults aged from 6

months to 10 years (Nooruddihal; Elzeinet al.,1991; Jelinek

It was observed that only females had the diseasg,Tachezy, 2005; Turlet al, 2005; Wosiackéet al., 2005;
being these results in accordance with those of Meeala  Borzacchiellcet al, 2009; Silvestret al, 2009; Ozsogt al).
(2007). In contrast, other studies have demonstrated the
presence of papilloma in female and male bovine (Oesoy We found the papillomatous lesions in the teats,
al., 2011) and buffaloes (Nooruddet al., 1989). udders and regions of the head and neck. Ma¢da.
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reported to have found only in the teats of heifers. It haggregation of viral particles formed by the antigen-antibody

already been reported the appearance of lesions in the aldteraction.

men, shoulder, chest, flank, base of the horns, eyes, ears,

tongue, dewlap, neck, jaw, hip, thigh, buttocks, vulva, The results using immunocytochemistry technique

rectum, knees and posterior back of cattle and buffaloesth bovine anti-papillomavirus antibody showed colloidal

(Tweddle & White, 1977; Cappellaat al, 1978; Lancaster gold particles evenly distributed on viral surface.

& Olson, 1982; Nooruddiet al; Julinek & Tochezy, 2005;

Turk et al; Wosiackiet al.; Clauset al.,2007; Borzacchiello Researchers using the same technique presented

et al; Ozsoyet al; Zhuet al; Lunardiet al., Fordet al). satisfactory results in bovine (Lt al, 1997) and human
(Palaniyandet al, 2012).

Macroscopically, the papillomatous lesions exhibited

circumscribed aspects, pedunculated, wrinkly surface, The negative staining and resin-embedding

cornified, of grayish and lacking hair. These data are similegchniques are preconized by Fengeml. (1992), and

to other literature (Tweddle & White, 1977; Cappellato Hazelton & Gelderblomt (2003) as a simple, fast, and suitable

al.; Jelinek & Tachezy 2005; Tur&t al; Maedaet al; to detect papillomavirus and through these we visualize great

Borzacchielloet al; Oszoyet al). amount of viral particles.

On the other hand, microscopic analysis of the lesions The risk of cross-infection of bovine papillomatosis
by negative staining technique revealed papillomaviruamong other species can lead to a state of alert for the
particles of spherical shape, measuring approximately @donomy and public health. Serological studies performed
nm diameter, characterized as "full" and "empty" particldsy Buff et al, confirm the presence of mammary papilloma
and containing capsomers of icosahedral symmetry. Sinmr a female dog due to cross-contamination with bovine
lar results were also found in other studies with cattle (Tajinfdoropapilomavirus. Also Nasir & Campo (2008) showed
et al, 1968;Forcet al; Zhouet al, 1993; Liu, 1998; Turket  that the BPV-1 type infects horses and at times leading to
al.; Mendonga & Netto, 2005; Xet al, 2006; Leishangthem death.
et al., 2008; Silvestreet al, 2009), deer (Sundebegg al,

19854, b), felines (Sundbeggal,, 2000) and humans (Buck It is very important the adoption of prophylaxis and
et al, 2005). prevention measures, such as rigorous inspection when
introducing animals in properties, isolation of sick animals,

It was not possible to observe through the negatiweaccination, sterilization of milking equipment, use of
staining technique variants and tubular particles describdidposables such as needles and syringes, control of flies
by Cheville & Olson (1964) and Doane & Anderson (1987)and ticks through the use of insecticides and to maintain
Groups of rounded, viral particles with a 35 nm in diametgyood hygiene and biosecurity in the properties (Campo &
were found intranuclearly in sections of ultrathin fragmentdarret, 1994; Wadhwet al.,1996; Maedat al).
which confer the literature related to bovine (Tajiebal ;

Zhouet al; Jelinek &Tachezy, 2005; Maedaal; Roperto Our study was a pioneer in Brazil to show the
etal), dogs (Buffet al.,1988), deer (Sundbeegal, 1985b), importance of using the transmission electron microscopy
cats (Sundbergt al) and poultry (Daouset al, 2000). techniques as a routine diagnostic to detect bovine
Intracytoplasmic viral particles, cited by Jelineck & Tachezpapillomatosis.

(2005) in cattle and by Sundbeegg al., in cats were not

observed in this study, even the crystalline arrangements

described by Elzeigt al.,in cattle and by Sundbegg al., CATROXO, M.H.B.; MARTINS,A.M.C.P.F; PETRELLA, S ;
(1985b) in deer. However, cylindrical or tubular intranuclea®OUZA, F.; NASTARI, B.D.B. Estudio ultraestructural del virus
structures were observed, according to Daetist. who del papiloma bovino durante los brotes de Brawstl.J. Morphol.,
studied lesions of birds. 31(2y777-784, 2013.

Th f the i | . RESUMEN: Los virus del papiloma que pertenecen a la
) € u;e of the 'mmunqe ectr(_)n MICroSCOPYymjlia Papillomaviridae son pequefios virus oncogénicos que cau-
techniques with the purpose of increasing the uptake @f, papilomas y fibropapilomas en epitelio cutaneo y mucoso de

papillomavirus particles was demonstrated in severgistintas especies de animales. En el ganado vacuno, trece tipos
experiments in cattle (Goret al, 1985; Burkhardet al.,  (BPV- 1-13) se caracterizaron hasta el momento. En este estudio,
1989), deer (Sundbeed al., 1985a); bird (Sironi &Gallazi, se documenta la ocurrencia de cuatro brotes de papilomatosis en
1992) and human (Anisimowet al, 1990; 1994; Daponte los rebafios de ganado, procedentes de estados brasilefios. Las le-
et al, 2003). In this technique positivity obtained is due t§0nes papilomatosas se localizaron en los pezones, la ubre, la ca-
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beza y el cuello. Al microscopio electrénico de transmisién, en Buck, C. B.; Thompson, C. D.; Pang, Y. Y.; Lowy, D. R. & Schiller, J.T.
técnica de tincion negativa fueran visualizadas particulas del virus Maturation of papillomavirus capsids. Virol., 792839-46, 2005.
del papiloma redondeadas, con simetria icosaédrica, caracteriza-

das como "llenas” y "vacias", midiendo unos 60 nm de diamet®yff Jr., W.; Mueller, S.B.K.; Cappellaro, C.E.M.P.D.M,; Catroxo, M.H.B.
en todas las 40 muestras de fragmentos de lesién de piel estudiado ESteves, R. Estudo de papilomatose cutanea de bovinos - ocorréncia
Los cortes ultra finos mostraron la presencia de grupos de particu- atipica em caRev. Bras. Med. Vet., BB-6, 1988.

las virales, |ntranucleares_tedondeadas con 3_5 nm de_d'ametr8u¥khardt, A. Willingham, M. Gay, C.: Jeang, K.T. & Schlegel, R. The
_tubulares 35',39_ nm de dlgmetro. En Ia_\ técnica de ml_crpscopla E5 oncoprotein of bovine papillomavirus is oriented asymmetrically
inmunoelectronica, la positividad obtenida se caracterizo por la Golgi and plasma membran&&ol., 170334-9, 1989.

presencia de agregados de particulas virales formadas por la

interaccion antigeno-anticuerpo. En la aplicacion de la técnica d@mpo, M.S. Papillomas and cancer in caBf. Surv., 89-54, 1987.
inmunocitoquimica, la reaccion antigeno-anticuerpo mostro parti-

culas de oro coloidal distribuidos de manera uniforme sobre la Stempo, M. S. & Jarret, W.F. Vaccination against cutaneous and mucosal
perficie del virus. Estos resultados muestran la importancia de las papillomavirus in cattleCiba Found Symp. 1851-73, 1994.

técnicas de microscopia electrénica de transmision en el diagnos-

tico de papilomatosis bovina, que pueden ser utilizados en los pf&MpPo, M.S. Review bovine papillomavirus and canr.J., 154175-
cedimientos de rutina para la identificacion del agente viral cau- 88, 1997.

sante de esta importante enfermedad.
P Campo, M.S. Animal models of papillomavirus pathogen¥siss Res.,

PALABRAS CLAVE: Papilomavirus, Ganado, 89:249-61, 2002.
Microscopia Electrénica de Transmision. Cappellaro, C. E. M. P. D. M.; Ribeiro, L. O. C.; Mueller, S.B. K. &
Piegas, N.S. Estudo da morfologia e histopatologia de diferentes ti-
pos de papilomas bovindBioldgico, 44307-16, 1978.
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