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South American coatis (Nasua nasua). Pesquisa Veterindria Brasileira 40(8):647-650.
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Pythiosis is an emerging infectious disease affecting captive and free-ranging wild
animals. We report granulomatous pneumonia due to Pythium insidiosum in two South
American coatis (Nasua nasua), who were found dead without any clinical records. Severe
granulomatous pneumonia associated with pleural effusion was revealed in the necropsy.
Microscopically, variably sized granulomas and pyogranulomas presented negative hyphae
profiles at the periphery of their necrotic cores. Grocott methenamine silver stain highlighted
these structures, and immunostain (anti- P, insidiosum) was strongly positive. Molecular
analysis by polymerase chain reaction amplified P, insidiosum specific DNA. These findings
characterized P, insidiosum as a cause of granulomatous pneumonia in coatis and proved
that pythiosis needs to be considered in the differential diagnosis of respiratory diseases
affecting this species in endemic areas.

INDEX TERMS: Granulomatous pneumonia, pythiosis, captive animals, South America, coatis, Nasua

nasua, pneumonia, Procyonidae, Pythium insidiosum, Southern coati, Stramenopila.

RESUMO.- [Pneumonia granulomatosa decorrente de pitiose
em quatis sul-americanos (Nasua nasua) de cativeiro.] A
pitiose é uma doenga infecciosa emergente que afeta animais
silvestres de cativeiro e em vida livre. Reportamos dois casos
de pneumonia granulomatosa decorrentes da infec¢do por
Pythium Insidiosum em quatis sul-americanos (Nasua nasua),
que foram encontrados mortos sem apresentar nenhum
quadro clinico prévio. Pneumonia granulomatosa severa
associada a efusdo pleural foi observada durante a necropsia.
Na microscopia, foram observados multiplos granulomas e
piogranulomas de tamanhos variados que continham imagens
negativas de hifas na periferia de seus centros necrdticos.
A coloragdo de metenamina de prata (Grocott) evidenciou
estas estruturas, e a imunomarcacdo (anti-P. insidiosum)
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foi fortemente positiva. A andlise molecular pela reacdo de
polimerase em cadeia amplificou o DNA especifico do P
insidiousum. Estes achados caracterizaram o P, insidiosum
como a causa da pneumonia granulomatosa nos quatis e
provou que a pitiose deve ser considerada um diagnostico
diferencial para outras doengas respiratérias que afetam
esta espécie.

TERMOS DE INDEXACAO: Pneumonia granulomatosa, pitiose,
quatis, América do Sul, Nasua nasua, cativeiro, Procynidae, Pythium
insidiosum, quati, Stramenopila.

INTRODUCTION

Pythium insidiosum (kingdom: Stramenopila, phylum:
Pseudofungi, class: Oomycetes, order: Pythiales, family:
Pythiaceae) is the causative agent of pythiosis and an emerging
pathogen in captive and free-ranging wild animals (Wellehan
etal. 2004, Buergeltetal. 2006, Pesavento et al. 2008, Gaastra
et al. 2010, Videla et al. 2012). It is commonly known for
causing chronic and granulomatous disease in humans and
domestic animals, particularly horses. Recently, it has become
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significant in zoos and feral herds, such as the wild ponies in
Chincoteague Island (Gaastra et al. 2010, Hedgpeth 2018).

Usually associated with aquatic environments, it can
manifest as mild to severe tumor-like masses or ulcerated
lesions that can affect any part of the body depending on
the species (Gaastra et al. 2010). They can be cutaneous,
subcutaneous or gastrointestinal (Tabosa et al. 2004, Buergelt
etal. 2006, Pesavento et al. 2008, Gaastra et al. 2010). As the
disease progresses, the infection can spread to the lungs or
other sites (Grooters 2003, Reis etal. 2003, Tabosa et al. 2004,
Gaastra et al. 2010, Gaddis & Brinkman 2017). Pneumonia
rarely occurs as a primary infection, and seems to have been
limited to a single case report of a Central American jaguar
among non-domestic species (Camus et al. 2004). As it is a
life-threatening condition, an accurate and early diagnosis is
critical to improve prognosis (Gaastra etal. 2010). However,
unusual presentations like pulmonary pythiosis could be
difficult to detect and easily overlooked.

South American coatis, Southern coatis, brown-nosed
coatis, or ring-tailed coatis (Nasua nasua) are members of
the Procyonidae family and broadly distributed in South
America (Desbiez & Borges 2010). Here, we document the
first report of pulmonary pythiosis infection in two captive
coatis in midwest Brazil.

MATERIALS AND METHODS

Two coatis, a 1-year-old female (Coati 1) and a 4-month-old male cub
(Coati 2), were found dead during the rainy season in an outdoor zoo
enclosure at the “Universidade Federal do Mato Grosso” Zoo, Cuiab3,
Brazil. The facility had 15 coatis in total, with a history of recurrent
territorial and sexual fighting and consequent suppurative cutaneous
wounds due to bites. During the wet season, respiratory signs like
nasal discharge and respiratory distress occurred sporadically. The
Coati 1, presenting a non-healing purulent bite wound on its dorsal
part, was hospitalized at the time for suspected pneumonia.

The bodies of Coatis 1 and 2 were submitted for necropsy
and samples of all organs were collected and fixed in 10%
buffered formalin for routine histopathological processing and
hematoxylin and eosin (HE) staining. Special Grocott methenamine
silver stains (GMS) stain was performed in the lung to detect
negative hyphae profiles, besides immunohistochemistry (IHC)
using rabbit polyclonal anti-Pythium insidiosum antibody (non-
commercial) (Pesavento et al. 2008), and polymerase chain reaction
with primers PI-1: 5’-TTCGTCGAAGCGGACTGCT-3" and PI-2:
5’-GCCGTACAACCCGAGAGTCATA-3’ encoding the sequence ITS1
and rDNA of P, insidiosum (Pesavento et al. 2008).

RESULTS

Grossly, Coati 1 and 2 presented unilateral, severe, and
chronic granulomatous pneumonia (Fig.1A). The affected lung

Fig.1. Pythium insidiosum infection, coati, lung. (A) The affected left lung was greatly enlarged. (B) Multible granulomas scattered through
the pulmonary parenchyma. (C) A hypha is situated in the necrotic center. GMS, obj.40x. (D) IHC for Pythium insidiosum shows strong
immunostaining on the hyphae-like wall. IHC, obj.40x.
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was greatly enlarged and consolidated, showing numerous
coalescent nodular granulomas with yellowish caseous
cores (Fig.1B). Coati 1 was emaciated and showed marked
subcutaneous thoracic edema, as well as mild mucopurulent
nasal flow. In Coati 2, the lung lesions seemed more severe,
sometimes presenting a cavernous and lytic pattern. In both
cases, a large amount of serofibrinous pleural exudate and
multiple points of chronic pleural adherences surrounded
the affected lung. Mediastinal lymph nodes were enlarged
and embedded among the granulomatous masses.

Microscopically, the lesions were similar with variable
intensity in both the coatis. Lung sections showed multiple
coalescing granulomas and pyogranulomas characterized
by extensive caseous necrosis associated with a dense
collection of epithelioid macrophages, eosinophils, degenerate
neutrophils, and a mild number of Langhans cells. There was
an outer layer of lymphocytes, plasmocytes, and less reactive
macrophages and marked proliferation of fibrous connective
tissue. Hemorrhage, fibrin thrombi, and necrotizing vasculitis
were frequent, but there was no evidence of angioinvasion.
Intensely eosinophilic and radiant amorphous material
(Splendore-Hoeppli reaction) was frequently observed in these
granulomas. Negative hyphae-like profiles were often seen.

Grocott methenamine silver staining of the lung sections
revealed several broad, sparsely septate, and irregularly
branched hyphae-like organisms that were 3-7pm in diameter
and located predominantly at the Splendore-Hoeppli reaction
cores with only a few ones scattered throughout the adjacent
areas (Fig.1C). Mediastinal lymph nodes presented lymphoid
hyperplasia with marked granulomatous inflammation.
The hyphae-like organisms were consistently found in the
pulmonary granulomas. There was no angioinvasion or hyphae
in the lymphnodes. Hyphae-like organisms were regularly
marked using the rabbit polyclonal anti- Pythium insidiosum
antibody (non-commercial) (Fig.1D)

Environmental enclosure water, nasal secretions, and
a cutaneous punch biopsy of the coati 1 were collected for
pathological and epidemiologic investigation. The skin biopsy
showed pyogranulomatous dermatitis and granulation
tissue. However, hyphae-like organisms were not observed.
All samples tested positive by polymerase chain reaction
with primers PI-1: 5-TTCGTCGAAGCGGACTGCT-3’ and PI-2:
5’-GCCGTACAACCCGAGAGTCATA-3’ encoding the sequence
ITS1 and rDNA of Pinsidiosum as indicated by the amplification
fragment 105pb. All attempts of culture and isolation of P
insidiosum from fresh tissues were unsuccessful.

DISCUSSION

Pythiosis is a well-described condition that manifests as a
chronic and progressive granulomatous disease. Its etiologic
agent, Pythium insidiosum, is a oomycete pathogen frequently
associated with tropical or subtropical aquatic environments
(Gaastra et al. 2010). Brazil is endemic for this disease and
its warm temperatures with long rainy seasons through the
year are highly favorable for the growth and proliferation
of this pathogen (Tabosa et al. 2004, Machado et al. 2016).
These cases were unique because the primary site of infection
appeared to be the lungs and the presentation occurred in
more than one animal from the same group, in contrast to
the individual reports described till date (Goad 1984, Heath
etal. 2002, Camus et al. 2004, Kepler et al. 2017). To the best

of our knowledge, this is the first reported case of pythiosis
in coatis. This report broadens the spectrum of the disease
in non-domestic species. Pythiosis should be included as a
differential diagnosis of coatis and zoo animals presenting
unspecified respiratory signs or non-healing wounds, especially
in endemic regions.

There are very few reports of pulmonary pythiosis. In
most cases, it occurs as a consequence of metastatic spread
within the progression of the disease in its systemic form, or
through aspiration secondary to nasal infection as already
described in sheep, horses, and dogs (Reis etal. 2003, Tabosa
et al. 2004, Ubiali et al. 2013).

Pulmonary pythiosis as a primary infection is rare and
includes only singular case reports in a horse, human, dog,
and captive jaguar until now (Goad 1984, Heath et al. 2002,
Camus etal. 2004, Kepler etal. 2017). Similar to these coatis,
there was no evidence or previous history of wounds or
infection at any other site, except in the equine case. This
horse previously presented cutaneous pythiosis, but the
pulmonary infection was not related to it.

The disease typically involves lesions on parts of the body
that have come in contact with warm, stagnant water containing
motile zoospores, and infection occurs due to a high tropism
that the pathogen has for damaged tissue (Gaastra etal. 2010).
In the coati from the group suspected of pneumonia and
presenting the skin wound, amplification of the homologous
sequence of P, insidiosum occurred. However, no hyphae-like
organisms were observed in histological sections of skin biopsy
of the affected site, and clinical correlation was not possible.

In these cases, the pulmonary infection most likely occurred
through inhalation or ingestion with subsequent aspirations
of contaminated water containing the pathogen. The pathogen
was detected in a nasal swab from a coati of the same group,
which suggests that the possible route was through inhaled
aerosolized zoospores as seen in a similar case of a Central
American jaguar (Camus et al. 2004)

Clinical signs oflocalized pulmonary pythiosis are usually
non-specific, including chronic coughing, dyspnea, and exercise
intolerance, as well as nasal discharge, anorexia, weight loss,
decreased appetite, anemia, and hypoproteinemia (Goad
1984, Heath et al. 2002, Camus et al. 2004, Kepler et al.
2017). No clinical signs were observed in these two coatis,
but their group had a history of respiratory distress and the
pathological findings were consistent with these signs. The
subcutaneous edema in the female most likely occurred due
to hypoproteinemia, as implied by the poor body condition.

The gross and histologic appearance of the lesions of
these cases were very similar to those previously described
(Martins etal. 2012, Ubiali etal. 2013). When infection occurs
through metastatic spread along lymphatics, the granulomas
are randomly distributed in both lungs in a miliary pattern
(Reisetal. 2003, Tabosa et al. 2004, Ubiali et al. 2013). When
pythiosis is restricted to the lungs, the lesions tend to be
more localized and form a large and compact mass containing
multiple granulomas, as observed in the coatis of our report.
The unilateral pulmonary consolidation seen here was also
observed in the jaguar case (Camus et al. 2004). However,
“kunkers”, characteristic of the equine pythiosis, were not
observed (Gaastra et al. 2010).

Microscopically, the eosinophilic pattern of necrosis
was predominant and similar to that described in horses
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and sheep (Grooters 2003, Martins et al. 2012, Ubiali et al.
2013). Non-eosinophilic granulomatous infiltrate is more
common in cattle and was also present in these cases, but
only sporadically (Martins etal. 2012). Despite the presence of
severe necrotizing vasculitis within fibrin thrombus in many
areas of the pulmonary parenchyma, there was no evidence
of hyphae vascular invasion or hematogenous spread to
other organs.

While the diagnosis is quite non-specific based only on the
histopathological examination, these morphological findings
narrow the range of possible etiologic agents to P, insidiosum,
zygomycetes, and Lagenidium species. Lagenidium spp.
primarily affects dogs, and it has been reported in cats and
humans. The differential diagnosis between these infections
is essential, because they are morphologically similar but
differ in the epidemiology, choice of therapy, and prognosis
(Grooters 2003, Ubiali et al. 2013).

CONCLUSIONS

The anatomopathological changes, histologic and
molecular findings show that Pythium insidiosum is the cause
of granulomatous pneumonia in these coatis.

Due the non-specific clinical signs, pythiosis needs to be
considered in the differential diagnosis of respiratory diseases
affecting this species in endemic areas.
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