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Summary &horbar; The morphological alterations of IgH-2 cells infected with a reptilian adenovirus were investigated during 1 cycle of virus replication. The virus particles entering the cell 1 h post infection (pi) were
present in cytoplasmic receptosomes few hours later. About 24 h pi nucleocapsids entered the nucleus.
Eosinophilic granulation of the nucleus and intra-nuclear inclusion bodies appeared between 30-60 h
pi. Small round and ring-shaped (type I), circular, semicircular or rod-shaped (type II) and large, sharp,
round (type III) inclusion bodies were formed. Typical crystalline aggregates of virions appeared at
the periphery of the nucleus 48-60 h pi. The release of virions into the cytoplasm was followed by
lysis of the infected cells. The destruction of cell monolayer was evident 96 h after infection.
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Résumé &horbar; Réplication in vitro d’un adénovirus de reptile. Les altérations morphologiques de
cellules IgH-2 infectées par un adénovirus de reptile ont été examinées pendant un cycle de réplication du virus. Des particules de virus entrant dans la cellule 1 h après infection se retrouvaient dans des

réceptosomes cytoplasmiques quelques heures après. Approximativement 24 h après infection, des
nucléoplasmides entraient dans le noyau. Une granulation éosinophilique du noyau et des corps d’inclusion dans le noyau apparaissaient entre 30 et 60 h après infection. Des petits corps d’inclusion
ronds et en forme d’anneau (type I), circulaires, semi-circulaires ou en forme de baguette (type 11) et
grands, pointus et ronds (type III) étaient formés. Des agrégats cristallins typiques de virions sont
apparus dans la périphérie du noyau 48-60 h après infection. La sortie des virions dans le cytoplasme
était suivie par la lyse des cellules infectées. La destruction de la couche mono-cellulaire était évidente 96 h

après infection.

adénovirus / virus de reptile / corps d’inclusion / réplication in vitro

(mammalians, birds) and
poikilothermic (fish, amphibians, reptiles)

INTRODUCTION

homoiothermic

isometric dsDNA-viruses
70-90 nm in diameter belonging to the family Adenoviridae have been detected in

vertebrates. There are 2 genera of Adenoviridae: the genus Mastadenovirus includes
mammalian adenoviruses; and the genus
Aviadenovirus comprises avian adeno-

Nonenveloped

*

Correspondence and reprints

viruses (Russell, 1991). In contrast to the
adenoviruses of homoiothermic vertebrates,
adenovirus-like agents detected in reptiles
have not, as yet, been fully characterized
or classified (Ahne, 1991
).
Adenovirus-like agents have been
detected by electron microscopy in the following reptiles: the Nile crocodile (Crocodylus niloticus) (Jacobson et al, 1984); the
Aesculapian snake (Elaphe longissima)
(Heldstab and Bestetti, 1984); the boa constrictor (Constrictor constrictor) (Heldstab
and Bestetti, 1984; Jacobson et al, 1985);
the four-lined rat snake (E quatuorlineata)
(Heldstab and Bestetti, 1984); the Gaboon
viper (Bitis gabonica) (Heldstab and Bestetti,
1984); and Jackson’s chameleon
(Chamaeleo jacksoni) (Jacobson and Gardiner, 1990). Adenovirus-like agents have
been isolated from the corn snake (E gutfata) (Juhasz and Ahne, 1992), the rat snake
(E obsoleta) (Blahak, personal communication) and the royal python (Python regius)

(Ogawa et al, 1992).
Adenovirus infections of reptiles are usuwith respiratory and gastrointestinal diseases. Intranuclear inclusion
bodies have been found in multiple organs
of different moribund reptiles (Heldstab and

ally associated

Bestetti, 1984; Jacobson, 1986).
Since there is little information available
the in vitro replication of reptilian adenoviruses, the present study was undertaken
in order to investigate some of the morphological features of infected IgH-2 cells during
a viral replication cycle.
on

MATERIALS AND METHODS
The adenovirus-like agent isolated from the internal organs of a moribund corn snake (Juhasz
and Ahne, 1992) was propagated in the reptilian
cell line IgH-2 (Clark et al, 1970) at 25°C. Cell
cultures infected by the virus (MOI 0.1) were
examined by light and electron microscopy at
timed intervals. For the light microscopy, the
infected IgH-2 cells were fixed in methanol at 4 h

intervals and stained afterwards with Giemsa.
For the electron microscopy, the infected cells
were fixed for 2 h with 4% glutaraldehyde in
0.067 M Soerensen phosphate buffer for timed
intervals of 1, 4 and 8 h. After fixation (1 % osmium
tetroxide in 0.1 M cacodylate buffer), dehydration (graded acetone series), embedding (epoxy
resin) sectioning and staining (lead citrate, uranyl
acetate), the preparations were examined using
a Zeiss EM 109 transmission electron micro-

scope.

RESULTS AND DISCUSSION
Under light microscopy, the IgH-2 cells
showed definite alterations in the nuclei
24-36 h after infection. These consisted of
an eosinophilic granulation of the nucleus
and intranuclear inclusion bodies (fig 1).
The final alteration were characterized by
karyopyknosis, karyohexis and cytoplasmic
vacuolization. Swelling and clumping of the
infected cells followed by their lysis was evident 48-72 h after infection.

Several stages of viral replication in
IgH-2 cells could be observed by electron
microscopy. The adsorption of virus particles on the cell membrane was already
detected 1 h after infection. The invaginated
particles were engulfed in intraplasmatic

receptosomes. About 26 h after infection,
the virus

particles

were

released from the

receptosomes and viral nucleocapsids
entered the nucleus. Various virus particles
then appeared: round to ring-shaped (type
I), circular to semicircular or rod-shaped
(type II) or large, round intranuclear inclusions (type III) surrounded by progeny virus
particles (fig 2). Finally, about 56 h after

infection, large crystalline aggregates of
virus particles were formed at the periphery
of the nucleus (fig 3). Progeny viruses were
released into the cytoplasm from the disintegrated nucleus.
One cycle of virus replication lasted about
96 h at 25°C. The different steps of the repli-

cation

cycle of the reptilian adenovirus in
IgH-2 cells are given in figure 4.
The mitotic activity of the infected cells
decreased from 100% (12 h pi) to 50% (36 h
pi) to zero (48 h pi). This phenomenon has
also been described for the homoiothermic
adenovirus-cell system (Boyer et al, 1960).
The cytopathogenic effects (CPE)
induced by the reptilian adenovirus consisted of nuclear alterations, and formation
of intranuclear inclusion bodies followed by
lysis of the infected cells. Light microscopy
of the adenovius infected IgH-2 cells showed
the formation of typical intranuclear inclusion bodies prior to the lysis of the cells.
Similar features of CPE have been
described for other Adenoviridae (Barski
and Cornefert, 1958; Boyer et al, 1957,
1960; Liao and Weber, 1969; Adair et al,

1979).
Electron microscopy revealed that the
of viral particles at the IgH-2 cell

adsorption

membrane took place 1 h after infection.
Once an adenovirus was attached to the

cell, it was rapidly engulfed by cytoplasmic
receptosomes (Svensson and Persson,

1984). The reptilian adenovirus released
from the receptosomes was found in the
vicinity of microtubules. The microtubules
seem to play a role in the migration of the
adenoviruses to the nucleus (Luftig and Weihing, 1975).
In the case of Adenoviridae the formation of different types of intranuclear inclusion bodies follows the transcription and
translation of viral DNA (Horwitz, 1990). The
assembly of reptilian adenoviruses was confined to the nucleus and large crystalline
arrays of progeny viral particles were formed
at the periphery of the nucleus. Virions were
released when the nuclear membrane
became disrupted. The time course for the
development of ultrastructural alterations of
the infected IgH-2 cells was very similar to

that described for homoiothermic adenovirus-cell systems (Harford et al, 1956;
Barski and Cornefert, 1958; Boyer et al,
1960; Dales, 1962; Liao and Weber, 1969;
Adair ef al, 1979; Horwitz, 1990).
The present study demonstrated that reptilian adenoviruses do no differ from the
homoiothermic adenoviruses in respect to
the ultrastructural features of in vitro repli-

cation.
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