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Abstract

Mucosal papillomas are relatively common lesions in several species of captive neotropical parrots. They cause considerable morbidity
and in some cases, result in mortality. Previous efforts to identify papillomavirus DNA and proteins in these lesions have been largely
unsuccessful. In contrast, increasing evidence suggests that mucosal papillomas may contain psittacid herpesviruses (PsHVSs). In this study,
41 papillomas from 30 neotropical parrots were examined by PCR. with PsHV-specific primers. All 41 papillomas were found to contain
PsHV DNA. This 100% prevalence of PsHV infection in the papilloma population was found to be significantly higher than PsHYV infection
prevalence observed in other surveys of captive parrots. PsHV genotypes 1, 2, and 3, but not 4 were found in these lesions. Psittacus
erithacus papillomavirns DNA and finch papillomavirus DNA were not found in the papillomas. A papilloma from a hyacinth macaw
(Anodorhynchus hyacinthinus) was found to contain cells that had immunoreactivity to antiserum made to the common antigenic region of
human papillomavirus (HPV) L1 major capsid protein. However, four other mucosal papillomas were negative for this immunoreactivity, and
negative control tissues from a parrot embiyo showed a similar staining pattern to that seen in the cloaca papilloma of the hyacinth macaw,
strongly suggesting that the staining seen in hyacinth macaw papilloma was nonspecific. Based on these findings, it was concluded that
specific genotypes of PsHV play a direct role in the development of mucosal papillomas of neotropical parrots and there is no evidence to
suggest the concurrent presence of a papillomavirus in these lesions.
© 2004 Elsevier Inc. All rights reserved.
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Introduction Sironi and Gallazzi, 1992), African gray parrots (Psittacus
erithacus) (Jacobson et al., 1983), a Cuban Amazon parrot

Papillomas are benign or premalignant neoplasms of (dmazona leucocephala) (Johne et al., 2002), macaws (4dra
cutaneous, mucocutaneous, and mucosal epithelial surfaces. spp.) (Phalen, 1997), and cockatoos {Cacatua spp.) (Low-
All papillomas in mammals appear to be caused by enstine et al., 1983; Schmidt et al, 2003). The etiologic
papillomaviruses (Brentjens et al., 2002). In contrast, cuta- agents responsible for cutaneous papillomas in the finch,
neous papillomas in rainbow smelt (Osmerus mordax) African gray patrot, and Cuban Amazon parrot are papillo-
(Herman et al., 1997), koi (Cyprinus carpio) (Calle et al., maviruses. Lesions caused by these viruses contain intra-
1999), and marine sea turtles (Quackenbush et al., 1998, nuclear inclusion bodies consisting of crystalline arrays of
2001) are associated with herpesvirus infections. virus particles (Jacobson et al., 1983; Lina et al,, 1973;
Both cutaneous and mucosal papillomas have been de- Osterhaus et al., 1977). Papillomaviruses from a finch [Frin-

scribed in birds. Cutaneous papillomas have been reported in ngilla coelebs papillomavirus (FPV)] and African gray parrot
wild finches (Fringilldae) (Jennings, 1968; McDonald, 1965; [P. erithacus papillomavirus (PePV)] have been purified,
cloned, and sequenced. The genomes of FPV and PePV are

structurally similar to mammalian papillomaviruses but share

* Corresponding author. Fax: +1-979-845-9231. little genetic homology to them or each other (Moreno-Lopez
Fmail address: dstyles@cvm.tamu.edu (D.K. Styles). etal., 1984; O’Banion etal., 1992; Tachezy et al., 2002; Terai
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et al., 2002). Nevertheless, the L1 major capsid proteins of
both FPV (Dillner et al., 1991) and PePV (Jacobson et al.,
1983; Lim et al., 1990; O’Banion et al., 1992) are immuno-
logically cross-reactive with the L1 protein of mammalian
papillomaviruses.

In contrast to the cutaneous papillomas of finches and
African gray parrots, the cutaneous lesions found in cock-
atoos and macaws appear to be caused by herpesviruses.
These lesions of the unfeathered skin of the foot are
characterized by intranuclear eosinophilic inclusion bodies
that contain herpesviruses virions (Lowenstine et al., 1983;
Schmidt et al., 2003). To date, the viruses associated with
these lesions have not been characterized.

Maucosal papillomas have been described in many spe-
cies of captive neotropical psittacine birds, with the highest
incidence of these lesions occurring in Amazon parrots
(4mazona) and macaws (4ra spp.) (Graham, 1991; Johne
et al, 2002; McDonald, 1988; Van der Heyden, 1988).
There is a single report of an oral papilloma in an African
gray parrot (Latimer et al., 1997). However, this lesion was
of squamous epithelium and not of the mucous membranes
and therefore cutaneous in nature. Mucosal papillomas
occur primarily in the oral cavity and cloaca (vent).
Less frequently, mucosal papillomas are found in the crop,
esophagus, proventriculus, ventriculus, and conjunctiva
(Graham, 1991). These lesions cause considerable
discomfort to affected birds, may interfere with re-
production, and in severe cases result in the bird’s death.
Bile duct and pancreatic duct adenocarcinomas are also
reported to occur with a relatively high prevalence in birds
with mucosal papillomas (Graham, 1991; Hillyer et al.,
1991).

PePV is suspected to be the etiological agent of the one
oral papilloma described in an African gray parrot because
it contained PePV DNA (Latimer et al., 1997). However,
the etiology of mucosal papillomas in neotropical parrots
remains unknown. Clinical observations suggest that
mucosal papillomas are caused by an infectious agent
as they appear to spread from affected birds to in-contact
birds (McDonald, 1988; Van der Heyden, 1988). How-
ever, four parrots inoculated with a mucosal papilloma
homogenate did not develop disease (Sundberg et al,
1986).

Efforts to detect papillomaviruses in mucosal papillomas
have been largely unsuccessful. Virus particles have not
been found in these lesions. PCR with degenerate primers
capable of detecting most mammalian papillomavirus
sequences and with primers derived from the PePV se-
quence have failed to detect papillomavirus DNA in the
mucosal papillomas of parrots (Johne et al., 2002; Latimer
et al., 1997; Sundberg et al., 1986). Additionally, a previ-
ous investigation failed to detect L1-like proteins in muco-
sal papillomas using anti-L1 serum made against conserved
epitopes of mammalian papillomaviruses (Sundberg et al,
1986). However, there is a report describing L1-like im-
munoreactivity present in epithelial cells of a cloacal

papilloma from a hyacinth macaw (Anodorhynchus hyacin-
thinus) and a lilac-crowned Amazon parrot {Amazona
finschi) (Bonda et al., 1998).

Psittacid herpesviruses (PsHVs) are a heterogeneous
group of viruses divided into four genotypes and four
serotypes that are typically associated with an acute fatal
infection in parrots (Pacheco’s disease) (Tomaszewski et
al., 2003). However, some birds survive the acute mani-
festations of the disease and may become latently infected
while others appear to become latently infected following
an inapparent infection (Grund and Schlippenbach, 2002;
Phalen et al., 2001). Mucosal papillomas have been
observed to develop in parrots that survived PsHV infec-
tions (Van der Heyden, 1988) and herpesvirus virions were
observed in a mucosal papilloma from an orange-fronted
conure (Aratinga canicularis) (Goodwin and McGee,
1993). It is therefore likely that one or more of these
PsHV genotypes are involved in the development of
mucosal papillomas.

Epidemiologic evidence suggests that the prevalence of
PsHV infection in parrots with mucosal papillomas is
higher than that seen in the general population of captive
parrots (Grund and Schlippenbach, 2002) and parrots
without mucosal papillomas (Tomaszewski et al., 2002).
An initial study found that parrots with mucosal papillomas
had circulating anti-PsHV antibodies, whereas parrots with-.
out papillomas did not (Phalen et al., 1997). Two studies
have used PCR to detect PSHV DNA in these lesions. In a
preliminary study, PsHV DNA was detected in mucosal
papillomas from four of four birds (Phalen et al., 1998),
and in a second study performed by other investigators,
PsHV DNA was found in 9 of 12 (75%) mucosal papillo-
mas (Johne et al., 2002). However, if PsHVs are indeed
associated with the development of mucosal papillomas,
then one would expect to find PsHV DNA in 100% of the
samples and yet Johne et al. (2002) reported only a 75%
detection rate.

To test the hypothesis that mucosal papillomas of
neotropical parrots are caused by PsHV and not a papillo-
mavirus, mucosal papillomas from 30 neotropical psittacine
birds were examined by PCR with PePV-specific, FPV-
specific, and PsHV-specific primers. Five mucosal papillo-
mas were also examined by immunohistochemistry for L1
major capsid protein immunoreactivity. The genotypes of
PsHVs detected in mucosal papillomas were determined by
comparing their sequence to the sequences of previously
reported psittacid herpesviruses (Tomaszewski et al., 2003).

Results

Immunohistochemistry of mucosal papillomas using
anti-HPV6b L1 serum

A single investigation reports L1-like immunoreactivity in
two mucosal papillomas from neotropical parrots that were
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stained with an antibody made to a fusion protein containing a
portion of the human papillomavirus (HPV) 6b L1 protein
(Bonda et al., 1998; Strike et al., 1989). To verify this finding,
we used this same anti-L 1serum to stain the papilloma from a
hyacinth macaw (SC98-0018) that had been reported by
Bonda et al. (1998) to contain L1 immunoreactivity, three
mucosal papillomas from other macaws and one mucosal
papilloma from an Amazon parrot. Two human cervical
papitlomas were used as positive controls. A sagittal section
taken through a neotropical psittacine embryo was used as a
negative control.

The human cervical papillomas showed distinct nuclear
and cytoplasmic staining in the basalar epithelial layer and
again at the non-keratinized superficial (lumenal) cell layer
(Fig. 1a). Most tissues in the negative control psittacine
embryo showed diffuse mild to moderate cytoplasmic
staining and some showed a distinct nuclear staining pattern.
Importantly, the cloacal mucosa showed intense cytoplasmic
and moderate nuclear staining (1b). This staining pattern
was consistent in multiple trials and the intensity observed
was not due to artifact. The cloacal papilloma from the
hyacinth macaw (SC98-0018) previously reported by Bonda
et al. (1998) again stained strongly with the anti-L1 fusion
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Fig. 1. Immunohistochemical results of staining with the anti-L1 fusion protein antiseram: (2) buman cervical papilloma showing distinct nucle

protein antiserum (Fig. 1c). Both cytoplasmic and nuciear
staining was observed. Importantly, this pattern closely
resembled that seen in some tissues of the developing
embryo. Three other mucosal papillomas from other mac-
aws and one from an Amazon parrot showed only faint
background staining. (Fig. 1d).

Electron microscopy

It was assumed that if the cloacal papilloma from the
hyacinth macaw (SC98-0018) actually contained L1 pro-
teins, then it would also contain papillomavirus virions.
Exhaustive examination of thin sections of the papilloma
failed to demonstrate any such virions.

PCR with PePV- and FPV-specific primers

A single oral papilloma from an African gray parrot was
previously shown to contain PePV DNA (Latimer et al,
1997). DNA extracted from all the mucosal papillomas in
this study were screened for papillomavirus using PePV-
and FPV-specific primers by PCR. None of the 41 papillo-
mas contained PePV or FPV DNA.
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cytoplasmic staining; (b) prominent cytoplasmic and moderate nuclear staining seen in the normal cloacal mucosa of developing psittacine embryo SC01-0019;

(c) nuclear and cytoplasmic staining observed in a cloacal papilloma of hyacinth macaw SC98-0018; (d) mucosal papilloma from the cloaca of a mac

0044 showing only background staining with the anti-L1 antiserum.
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