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Abstract

Endogenous lipid pneumonia was found in 11 out of 15 (73.3%) opossums (Didelphis virginiana) captured in six
municipalities from the state of Colima, Mexico. Macroscopically, multifocal yellow white subpleural plaques were found in
the dorsocaudal region of both lungs. These lesions were extended to the pulmonary parenchyma. Microscopically, they
were characterized by aggregates of macrophages in the alveolar walls and spaces. These macrophages had small lipid
vacuoles in the cytoplasm. Also, hyperplasia of pneumocytes type Il, perivascular lymphoid hyperplasia, emphysema and
fibrosis were discovered. Based on these findings, endogenous lipid pneumonia was diagnosed, which seemed to be
associated in 11 (73.3%) opossums with the presence of Didelphostrongylus hayesiin lungs.
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Resumen

Se encontré neumonia lipidica endégena en 11 (73.3%) de 15 tlacuaches (Didelphis virginiana) capturados en seis mu-
nicipios del estado de Colima, México. Macroscopicamente se observaron placas subpleurales multifocales (1-5 mm) de
color amarillo palido en la regién dorso caudal de ambos pulmones. Estas lesiones se extendian al parénquima pulmonar.
Microscépicamente se caracterizaban por agregados de macréfagos en los espacios y paredes alveolares. Los macrofagos
tenian abundantes vacuolas pequenas lipidicas en el citoplasma. También se observé hiperplasia de neumocitos tipo Il, hi-
perplasia linfoide perivascular, enfisema y fibrosis. Con base en estos hallazgos se diagnosticd neumonia lipidica endégena,
la cual parecia estar asociada en 11 de los tlacuaches, con la presencia de Didelphostrongylus hayesi en los pulmones.
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Introduccion

ipid pneumonia is an uncommon respiratory

disease, characterized by aggregates of lipid-

filled macrophages in alveolar spaces and pul-
monary interstitium.' Lipid pneumonia is classified,
according to the origin of the pulmonary lipid, in two
types: exogenous and endogenous. The first is due to
lipid aspiration, as it happens with a nasoesophageal
intubation improperly performed, where mineral oil
is administered to the lungs."? The second one is the
endogenous lipid pneumonia, when lipid accumula-
tion is due to an excessive production of lipids, added
to metabolism deficiency of these substances in the
lung.! The latter type of lipid pneumonia is generally
idiopathic, that is, the primary cause of alteration in li-
pid metabolism is unknown.? The endogenous form is
also associated with bronchial obstruction, as it occurs
in lungs with parasites, exudate and neoplasms. The
airway obstruction interferes with normal elimination
of pulmonary lipids through the nasal ciliary carpet.’®
The endogenous lipid pneumonia has been observed
in humans, rats and mice, cats, dogs, llamas, bears, fe-
rrets, raccoons and opossums.*'* In Mexico, there are
no descriptions of endogenous lipid pneumonia in do-
mestic and wild animals. This report describes endoge-
nous lipid pneumonia in an opossum group (Didelphis
virginiana) in the state of Colima, Mexico.

Fifteen opossums (Didelphis virginiana) were cap-
tured in Tomahawk traps of 127 x 24” x 42”7 using
canned sardines as bait. They were euthanized with an
overdose of intraperitoneal anaesthetic (sodium pento-
barbital) ata dose of 3 ml/2.5 kg of live weight. Routine
necropsy was performed. The lungs were extracted and
examined macroscopically. Lung samples were fixed in
10% buffered formalin, pH 7.2, and were processed by
the routine histologic technique, using sections with a
thickness of 6pm, stained with hematoxylin eosin."

Three lung fragments of 3 mm?® were extracted,
previously fixed in 10% formalin, deparaphined and
hydrated, and later fixed in 2.5% glutaraldehyde and
fixed with 1% osmium tetroxide for 2 hours; afterwards
they were washed with cacodylate buffer solution with
pH from 7.2 to 0,1 M. Samples were dehydrated with
ascendant concentrations of acetone, were included
in epoxy resin* (Epon 812) and finally polymerized
at 60°C for 24 hours. Semi-thin sections with a thick-
ness of 200 pm were done, using an ultramicrotome
and were mounted on slides, stained with toluidine
blue. Thin sections of 60 pm were done, which were
mounted on copper grills and were finally contrasted
with uranyl acetate and lead citrate, transmission elec-
tron microscopy was used to observe them.'%*

From the 15 examined opossums, 11 (73.3%)
showed endogenous lipid pneumonia, characterized
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Introduccion

aneumonia lipidica es una enfermedad respira-

toria poco frecuente, caracterizada por la acu-

mulacién de abundantes macréfagos llenos de
lipidos en los espacios alveolares y en el intersticio pul-
monar.' La neumonia lipidica se clasifica, de acuerdo
con el origen del lipido pulmonar, en dos tipos: exoge-
nay endégena. La primera se debe a la aspiracion de
lipidos, como sucede en una intubacién naso-esofagi-
ca mal hecha en la que se administra aceite mineral a
los pulmones."* La otra forma es la neumonia lipidica
endogena, cuando la acumulacién de lipidos se debe a
una excesiva produccion de lipidos, aunada a un defi-
ciente metabolismo de estas sustancias en el pulmén.!
Este Gltimo tipo de neumonia lipidica es generalmen-
te idiopatica, es decir, se desconoce la causa primaria
de las alteraciones en el metabolismo de los lipidos.?
La forma endégena también se asocia con obstruccion
bronquial como sucede en pulmones con parasitos
pulmonares, exudados y neoplasias. La obstruccion de
las vias aéreas interfiere con la eliminaciéon normal de
lipidos pulmonares a través de la carpeta mucociliar.?
La neumonia lipidica endogena se ha presentado en
humanos, ratas y ratones, gatos, perros, llamas, osos,
hurones, mapaches y tlacuaches.*"* En México, no
existen descripciones de neumonia lipidica endégena
en animales domésticos vy silvestres. Este informe des-
cribe la neumonia lipidica end6gena en un grupo de
tlacuaches (Didelphis virginiana) en el estado de Coli-
ma, México.

Se recolectaron 15 tlacuaches (Didelphis virginiana)
con trampas-jaulas tipo Tomahawk de 12”7 x 24" x 427
utilizando sardina enlatada como cebo. Se les aplico la
eutanasia con una sobredosis de anestésico intraperi-
toneal (Pentobarbital s6dico) en dosis de 3 ml/2.5 kg
de peso vivo. Se realizé necropsia de rutina. Se extraje-
ron los pulmones y se examinaron macroscoépicamen-
te. Las muestras de pulmén se fijaron en formalina
amortiguada al 10%, pH 7.2, y las muestras se procesa-
ron con la técnica histolégica de rutina, con cortes de
6 pm de espesor tenidos con hematoxilina y eosina.'

Se extrajeron tres fragmentos de pulmén de
3 mm?, fijados previamente en formalina al 10%, los
cuales fueron desparafinados e hidratados y posterior-
mente fijados con glutaraldehido al 2.5% vy fijados con
tetraéxido de osmio al 1% por 2 horas; posteriormen-
te se lavaron con solucién amortiguada de cacodilatos
con pH de 7.2 a 0.1 M. Las muestras se deshidrataron
con concentraciones ascendentes de acetona, se inclu-
yeron en resinas epoxicas®* (Epon 812) y finalmente
se polimerizaron a 60°C por 24 horas. Se realizaron
cortes semifinos de 200 pm de grosor utilizando un ul-

*Shell Chemical Co., Estados Unidos de América.



by yellowish bilateral plaques 1-b mm in diameter, pre-
sent in the subpleural region and in lung parenchyma.
These nodular lesions were distributed at random, but
they were most frequently observed in the dorsocaudal
region of both lungs (Figure 1).

Eleven (73.3%) out of 15 lung sections showed
macroscopically bronchial dilatation with mucopuru-
lent exudate and the adult parasite Didelphostrongylus
hayesi. The histological lesions observed consisted of
macrophage aggregates with abundant small lipid
vacuoles in the cytoplasm. These macrophages infil-
trated in alveolar walls and spaces (Figure 2 and 3).
In some cases there was also alveolar emphysema, type
IT pneumocyte hyperplasia and perivascular lymphoid
hyperplasia. In bronchi and lung parenchyma, Didel-
phostrongylus hayesi nematodes were observed (Figure
4), causing an eosinophilic granulomatous reaction
with caliciform cell metaplasia. The affected lungs also
showed hypertrophia and hyperplasia of the smooth
muscle and focal interstitial fibrosis.

Ultrastructurally, the lipid plaques consisted of in-
filtrates of numerous macrophages with abundant cy-
toplasm, which showed numerous slightly electrolucid
vacuoles of different sizes (lipid suggestive). The di-
lated rough endoplasmic reticulum showed abundant
round structures with discrete dilatation of the nuclear
cistern, with abundant electrodense heterochromatin
(Figure 5).

The opossums with endogenous lipid pneumonia
(ELP) did not show clinical signs of respiratory dis-
ease, which has been observed in humans, domestic
and wild animals, as an incidental and subclinical
pneumonia.*®?

ELP is frequently observed in laboratory animals,
for instance, in rats it occurs spontaneously with a fre-
quency of 0-55%.%1" This type of pneumonia has also
been recorded in cats® and rarely in dogs.” With regard
to wild animals, it has been observed in raccoons, lla-
mas, bears, ferrets and opossums.®*!?

ELP has been recorded in 19 out of 27 opossums
(Didelphis virginiana), captured in Baton Rouge,
Loussiana.” Frequency, as well as the type of pneu-
monic lesions are similar to the ones recorded in
this case, which indicates that it is a common lesion
in this animal species. The cause of ELP in opossums
(D. virginiana) is possiblyassociated with abronchialand
bronchiolar obstruction caused by lungworms (D.
hayesi) .*%"

In humans, alveolar proteinosis is described, which
is a similar process as in cats and dogs, but the patho-
genesis is very similar and three clinical forms have
been described: congenital or primary, in which ge-
netic alterations that alter phospholipid homeostasis
are observed; the secondary, associated with hemato-
logic neoplastic processes, irritants, tobacco, immuno-

tramicrotomo y se montaron en laminillas, tenidas con
azul de toluidina. Se realizaron cortes finos de 60 pm,
los cuales se montaron en rejillas de cobre y finalmen-
te se contrastaron con acetato de uranilo y citrato de
plomo, se observaron en un microscopio electrénico
de transmisi6én.'®"

De los 15 tlacuaches examinados, 11 (73.3%) pre-
sentaron neumonia lipidica endégena, caracterizada
por placas bilaterales de color amarillo pdlido de 1-5
mm de diametro, presentes tanto en la region subpleu-
ral como dentro del parénquima pulmonar. Estas le-
siones nodulares estaban distribuidas al azar, pero se
observaban con mas frecuencia en la region dorsal de
los 16bulos caudales (Figura 1).

Al corte, 11 (73.3%) de 15 pulmones presentaron
macroscopicamente una dilataciéon bronquial con exu-
dado mucopurulento y el parasito adulto de Didelphos-
trongylus hayesi. Las lesiones histologicas observadas
consistieron en una acumulacién de macréfagos con
abundantes vacuolas pequenas de lipidos en su cito-
plasma. Estos macrofagos se infiltraron en las paredes
y en los espacios alveolares (Figura 2 y 3). En algunos
casos se observo también enfisema alveolar, hiperpla-
sia de neumocitos II e hiperplasia linfoide perivascu-
lar. En los bronquios y en el parénquima pulmonar se
observaron nematodos Didelphostrongylus hayesi (Figura
4), ocasionando una reaccioén granulomatosa eosinofi-
lica con metaplasia de las células caliciformes. Los
pulmones afectados también mostraban hipertrofia e
hiperplasia del musculo liso y fibrosis focal intersticial.

Las placas lipidicas, ultraestructuralmente consis-
tieron en infiltrados de numerosos macréfagos con
abundante citoplasma, el cual mostraba numerosas va-
cuolas ligeramente electrolicidas de diferentes tama-
nos (sugerentes a lipidos). El reticulo endoplasmico
era de tipo rugoso dilatado y con abundantes estruc-
turas redondas con discreta dilataciéon de la cisterna
nuclear, con abundante heterocromatina electrodensa
(Figura 5).

Los tlacuaches con neumonia lipidica endégena
(NLE) no presentaron signos clinicos de enfermedad
respiratoria, lo cual también se ha observado en huma-
nos, animales domésticos y silvestres, como una neu-
monia incidental y subclinica.**?

La NLE se presenta con frecuencia en animales
de laboratorio, por ejemplo, en las ratas ocurre es-
pontaneamente con una frecuencia que varia entre
0-55%.>'" Este tipo de neumonia también se ha regis-
trado en gatos® y raramente en perros.” En animales
silvestres se ha observado en mapaches, llamas, osos,
hurones y tlacuaches.®*?

En 19 de 27 tlacuaches (Didelphis virginiana) atra-
pados en Baton Rouge, Louisiana, se ha registrado

*Zeiss West Germany. Carl Zeiss 7082 Oberkochen
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suppressive drugs, parasites and some other infections
that alter the number and function of alveolar mac-
rophages, and the acquired or idiopathic form, cur-
rently considered autoimmune, in which anti-colony
granulomonocytic stimulating factor (GM-CSF) anti-
body is observed, which is responsible of alveolar mac-
rophages and type II pneumocyte differentiation.®

The hypothesis is that D. hayesi obstructs bronchi
and causes lesions in alveolar walls resulting type I
pneumocyte necrosis, followed by type II pneumocyte
hyperplasia and these increase phospholipid produc-
tion, which accumulates to be finally phagocyted by

FIGURA 1. Didelphis virginiana con placas subpleurales amarillas de
1-5 mm de didmetro distribuidas al azar en la regién dorso caudal
de ambos pulmones.

FIGURE 1. Didelphis virginiana with yellow subpleural plaques of
1-5 mm in diameter, distributed at random in the dorsalcaudal
region of both lungs.

FIGURA 3. Acercamiento de los macroéfagos alveolares (M) con
abundantes vacuolas pequenas de lipidos en su citoplasma. Tin-
cién de hematoxilina-eosina, barra 50 pm.

FIGURE 3. Alveolar macrophage close up (M) with abundant small

lipid vacuoles in the cytoplasm. Hematoxylin-eosin stain, bar
50 pm.
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NLE." La frecuencia, asi como el tipo de lesiones neu-
monicas son semejantes a las registradas en este caso,
lo que indica que es una lesién comun en esta especie
animal. La causa de NLE en tlacuaches (D. virginiana)
posiblemente esté asociada con una obstruccién bron-
quial y bronquiolar causada por parasitos pulmonares
(D. hayesi)."*1?

En humanos, se describe proteinosis alveolar que
es un proceso muy similar al que se presenta en gatosy
perros, pero la patogenia es muy parecida y se han des-
crito tres formas clinicas: congénita o primaria, en la
que se observan alteraciones genéticas que alteran la
homeostasis de los fosfolipidos; la secundaria, asocia-

FIGURA 2. Pulmoén de Didelphis virginiana con una agregacion de
macréfagos (M) en las paredes y espacios alveolares, ademas de
hiperplasia linfoide perivascular (HL). Tincion de hematoxilina-
eosina, barra 100 pm.

FIGURE 2. Didelphis virginiana lung with macrophage aggregates
(M) in alveolar walls and spaces, besides perivascular lymphoid hy-
perplasia (HL). Hematoxylin-eosin stain, bar 100 pm.

FIGURA 4. Pulmén de D. virginiana donde se observan parasi-
tos adultos de Didelphostorngylus hayesi (Dh) en bronquios, bron-
quiolos y espacios alveolares. Tincion de hematoxilina-eosina,
barra 100 pm.

FIGURE 4. D. virginiana lung where adult Didelphostomgylus hayesi
worms (Dh) are observed in bronchi, bronchioli and alveolar spa-
ces. Hematoxylin-eosin stain, bar 100 pm.



FIGURA 5. Fotografia electrénica de transmision. Acercamiento
de macrofago con abundante citoplasma que contiene numerosas
vacuolas ligeramente electrolicidas de diferentes diametros (V),
reticulo endopldasmico rugoso dilatado (Rer), nucleo (Nu) con
bordes irregulares con la cisterna nuclear (flecha) dilatada y con
abundante heterocromatina electrodensa (He). Aumento, 4400X.

FIGURE 5. Transmission electron microscope photograph. Ma-
crophage close up with abundant cytoplasm that contains nume-
rous slightly electrolucid vacuoles of different diameters (V), dila-
ted rough endoplasmic reticulum (Rer), nucleus (Nu) with irregu-
lar borders with nuclear cistern (arrow) dilation and with abun-
dant electrodense heterochromatin (He). Magnifying, 4400X.

alveolar macrophages. Once in the cytoplasm, the al-
veolar phospholipid is stored in phagolysosomes origi-
nating vacuole formation. However, further detailed
studies will be required to confirm this hypothesis. The
hypothesis if accepted, D. virginiana opossums could
be used as experimental model for ELP study.
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