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The mode of development of Venezuelan equine encephalomyelitis virus and the
activity of acid phosphatase in the central nervous system of newborn mice were in-
vestigated. Precursor particles appeared to be formed in masses of viroplasm, mi-
grating to the membrane of the Golgi cisterns and vacuoles or to the plasma mem-
brane and being transformed into mature viral particles by budding. Mature viral
particles were also found in the lumen of the blood vessels and around the myelin
sheath of axons. Increased number of Golgi complexes and depletion of polysomes
were the main ultrastructural alterations of the nerve cells. Acid phosphatase
activity was found to be increased in the Golgi cisterns, vacuoles, and lysosomes of
nerve cells. The presence of acid phosphatase activity in the rough endoplasmic
reticulum and perinuclear cisterns suggests increased production of the enzyme in
the nerve cells infected with Venezuelan equine encephalomyelitis virus.

Electron microscopic studies of Venezuelan
equine encephalomyelitis (VEE) virus in tissue
culture cells have been reported (4, 12, 14).
Ultrastructural details of isolated viral particles
by shadow casting and negative staining were
demonstrated (7, 13); however, the development
of VEE virus in animals or humans has not been
previously studied with the electron microscope.

This paper deals with an investigation on the
mode of formation of VEE viral particles and on
the ultrastructure and histochemistry of the cen-
tral nervous system of newborn mice inoculated
with a suspension of VEE virus.

MATERIALS AND METHODS
Eighteen newborn Swiss white mice [Instituto

Venezolano de Investigaciones Cientificas (IVIC)
colony, originally from NMR Bethesda strains, Navy
Medical Research Institute] were used in this experi-
ment.

Fourteen mice were intracerebrally inoculated
with 0.02 ml of a suspension of VEE virus (Goajira
stain), with a titer of 10r- LD5o per 15.09 ml., and
four mice were used as controls. Five mice were de-
capitated at 16 and 24 hr after inoculation, and the
remaining nine animals were sacrificed between 30
and 48 hr, after paralysis was evident. Samples from
the brain, measuring up to 0.5 cm3, were fixed in 3%
phosphate-buffered glutaraldehide (pH 7.2) at 4 C.
Fixation time varied from 3 hr up to 1 week with
similar results. Samples were cut into 0.1 cm3 blocks
and washed in cold phosphate buffer for 24 hr. Post-
fixation treatment was carried out in 2%7r phosphate-

buffered osmium tetroxide. The material was dehy-
drated in increasing gradients of acetone, embedded
in Araldite, and polymerized at 60 C for 48 hr. Thin
sections were cut with a Porter Blum MT-2 ultra-
microtome, equipped with a diamond knife; placed
on copper or nickel grids, with or without support
film; and stained with uranyl acetate for 15 to 60 min
and lead citrate for 3 to 5 min. The sections were
examined in a Jem 7A electron microscope, with an
accelerating voltage of 80 kv and direct magnification
ranging between 8,000 and 65,000 X.
To investigate the activity of acid phosphatase in

the nervous tissue, the Gomori method was used (3).
For histochemical purposes, small pieces of brain
were fixed in 6.25%7c glutaraldehyde in 0.068 M caco-
dylate buffer (pH 7.2) at 4 C. The material was washed
in cold 0.1 M cacodylate solution with 7.5 g of sucrose
per ml. Frozen sections 50 yrm in thickness were pre-
pared in a cryostat. The sections were floated in cold
cacodylate solution and transferred into a freshly
prepared Gomori medium for acid phosphatase.
Incubation was carried out at 37 C for 90 min. The
Gomori medium was prepared with 20% solution of
sodium beta-glycerophosphate, 0.1 M acetate buffer
(pH 5.2), and lead acetate. Control of the histochemi-
cal reaction was performed by incubation of some
sections in a Gomori medium lacking the substrate,
sodium beta-glycerophosphate. After incubation, the
material was washed in cold 0.1 M acetate buffer (pH
5.3) for 1 min, briefly treated with 2% acetic acid,
and placed again in the cold solution of acetate
buffer. Postfixation in 2%i. phosphate-buffered
osmium tetroxide, dehydration, embedding, and
other technical details were similar to those previously
described.
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RESULTS
Sections from mice sacrificed 16 to 24 hr post-

inoculation revealed conspicuous differences
when compared with those of mice sacrificed at 30
to 48 hr. The central nervous system of mice
sacrificed 16 hr postinoculation showed minimal
changes. In some neurons, slight dilatation of
the endoplasmic reticulum and moderate hy-
pertrophy of the Golgi complex were noted.
Occasionally, small areas of granular, chromatin-
like material were seen in the cytoplasm of nerve
cells. The astrocytes showed moderate swelling
of their foot processes.

Viral particles. In mice sacrificed 30 to 48 hr
after inoculation, cytoplasmic masses of granular
material were frequently seen. Round particles,
measuring 28 to 30 nm, were also seen at the
periphery of the granular masses (Fig. 5); these
particles were osmiophilic, their contours were
irregular, and occasionally their central part
showed decreased electron density (Fig. 6, 13,
16). Very often, 28- to 30-nm particles appeared
to be formed by clumping and grouping of the
granular chromatin-like material. Round parti-
cles were frequently seen free in the cytoplasm
of the nerve cells (Figs. 5, 6, 11, 16) or attached
to the membranes of the Golgi apparatus (Fig.
8, 11, 13) and cytoplasmic vacuoles (Fig. 7).
Penetration of the particles into the lumen of the
Golgi cisterns and vesicles (Fig. 8, 11, 13, 16)
or into cytoplasmic vacuoles (Fig. 7) by budding
was commonly observed. While budding, 28- to
30-nm particles become enveloped by the cyto-
plasmic membranes and transformed into 45-nm
particles (Fig. 7, 13). Budding at the plasma mem-
brane and the release of 45-nm particles to the
extracellular space were also noted (Fig. 9).
Particles measuring 45 nm in diameter were
slightly oval in shape, and often the central part
of the core showed decreased electron density
(Fig. 10). Projections measuring approximately
10 nm in length were noted on the surface of
mature viral particles located in the lumen of
blood vessels or in the extracellular space (Fig.
3,14).

Glial cells and neurons. In mice sacrificed 30 to
48 hr after inoculation, alterations of the nervous
tissue were more conspicuous. Glial cells were
swollen, and an increased number of glycogen
particles were seen in their cytoplasm. Dilatation
of the endoplasmic reticulum cisternae of the
neurons was noted, and, often, nerve cells showed
a decreased number of ribosomes or dispersed
polysomes (Fig. 11). There were some groups of
ribosomes organized with a helicoidal arrange-

ment (Fig. 18). Marked vacuolation of some

nerve cells, disruption of their membranes and

organelles, clumping of ribosomes, and osmio-
philic masses in the cytoplasm were also noted
(Fig. 20). Mitochondriae showed rupture of
cristae and, occasionally, myelin figures in their
matrix. Some synapses showed polyedral or
elongated vesicles with dilatation of the pre-
synaptic end (Fig. 19). In the periphery of the
myelin sheath of some axons, groups of mature
viral particles were occasionally seen in a para-
cristalline array (Fig. 4).

Golgi complex. Conspicuous alterations of the
Golgi complex were noted early in VEE virus
infection of the central nervous system. In mice
sacrificed 16 to 24 hr after inoculation, the Golgi
complexes showed an increased number of
cisternae and vesicles (Fig. 1). At 30 to 48 hr
after inoculation, Golgi cisternae became tortu-
ous with elongated projections, frequently adopt-
ing a ring-shaped appearance (Fig. 11, 12). In
some of these cisternae with spherical arrange-
ment, 28- to 30-nm particles were attached on
both sides of the cisternae membranes (Fig. 12).
Vesicles and vacuoles in the vicinity of the Golgi
cisternae often showed precursor and mature
viral particles (Fig. 11, 15).

Blood vessels. No alterations were noted in the
cytoplasm of endothelial cells. Blood vessels of
mice sacrificed 30 to 48 hr after inoculation
showed 45-nm particles in their lumen (Fig. 3);
these particles were formed by a dense core of
30 nm surrounded by a halo of 5 nm and by an
envelope 10 nm in thickness (Fig. 14, 17).

Acid phosphatase. Acid phosphatase activity
in control mice was present at the lysosomes and
some Golgi cisternae of some nerve cells. In mice
inoculated with VEE virus, increased acid phos-
phatase activity was found in the tortuous cis-
ternae, vesicles, and vacuoles of the Golgi com-
plex (Fig. 21, 22). In some cisternae and vesicles,
viral particles were seen among precipitated
crystals of lead acetate (Fig. 23).

There was acid phosphatase activity in the
endoplasmic reticulum (Fig. 23) and perinuclear
cisternae of some neurons, as well as in the Golgi
area and lysosomes. In neurons with osmiophilic
and granular cytoplasm, lead deposits indicating
enzyme activity were extensive.

DISCUSSION
The development of VEE virus in tissue-cul-

tured cells was described by Mussgay and Weibel
(12); they proposed that virus particles are de-
tached from the cytoplasmic membranes during
the course of their maturation and then migrate
through the cytoplasm to the surface membrane
of the cell where they are released. I could verify
and complete this proposed hypothesis with my
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FIG. 1. Proliferation of Golgi complex (arrows) in a nerve cell. The nucleus (N) and perinuclear cistern are
noted. At 24 hr after inoculation. X55,200.

FIG. 2. Aggregation of granalar material in the cytoplasm. At 24 hr after inoculation. X 72,000.
FIG. 3. Numerous viral particles in the lumen of a blood vessel. The endothelium shows vesicles and viral parti-

cles (arrow) within a vacuole. XS0,000.
FIG. 4. Myelinated axon (Ax), showing VEE virus particles in the periaxonal space. X60,000.
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FIG. 5. Mass of viroplasm and precursor particles (arrow). X 106,250.
FIG. 6. Precursor and mature VEE virus particles (arrow). X 106,250.
FIG. 7. Penetration ofprecursor particles into a cytoplasmic vacuole. X 106,250.
FIG. 8. Mature VEE virus and precursor particles in the lumen of Golgi cisternae. X 106,250.
FIG. 9. Budding of VEE virus at the plasma membrane. X106,250.
FIG. 10. Mature VEE virus particles in the extracellular space. X 106,250.
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FIG. I 1. Tortuous Golgi cisternae and vacuioles with precursor and mature VEE virus particles. X 60,000.
FIG. 12. Nucleus (N) and the cytoplasm of a nerve cell wit/i ring-shaped Golgi cisternaec showing precursor par-

ticles. X55,200.
FIG. 13. Arrows point to precursor particles budding into a Golgi cisternae. X 110,400.
FIG. 14. VEE viral particle. X292,500.
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FIG. 15. Golgi complex (G) and virus particles in the cisternae and vacuoles. X60,000.
FIG. 16. Precursor particles and budding (arrow) into a Golgi cisternae. X250,000.
FIG. 17. Mature VEE virus particles. X250,000.
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FIG. 18. Ribosomes organized with helicoidal arrangement. X 72,000.
FIG. 19. Synaplic end, with dilated vesicles. The arrows point to precursor particles and to a mature VEE virus

in the extracellular space. X 60,000.
FIG. 20. Vacuolated nerve cell with clamping of ribosomes. X 72,000.
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FIG. 2 1. Acid phosphatase activity in the Golgi cisternae. X 60,000.
FIG. 22. Golgi cislernae showing' acid phosphatase activity and some precursor particles (arrows) in the cyto-

plasm. X 106,250.
FIG. 23. Mature and precursor particles and acid phosphalase activity in a nerve cell. X 106,250.
FIG. 24. Acid phosphatase activity in the rough endoplasmic reticulum cisternae. X60,000.
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findings in the central nervous system of new-
born mice.

Furthermore, observations of nervous tissue
indicated the formation of precursor particles in
masses of viroplasm, their migration to the mem-
brane of the Golgi complex, penetration of
precursor particles in the lumen of Golgi cisterns,
and vesicles becoming transformed into mature
viral particles. Penetration of precursor particles
into cytoplasmic vacuoles and budding at the
cell surface are in agreement with changes previ-
ously described in other group A arbovirus in-
fections (1, 6, 10).

Viroplasmic foci, similar to those observed in
the nerve cells of VEE-inoculated newborn mice,
have been rarely reported in cells infected by an
arbovirus (8, 15); however, masses of viroplasm
were recently described in tissue-cultured cells
infected with VEE virus (4). The development of
Eastern equine encephalitis virus (11) and Sem-
liki Forest virus (5) in mouse brain has been
recently described; these observations are similar
to my results; in spite of this, no masses of viro-
plasm in the cytoplasm of nerve cells were dem-
onstrated.
The role of the Golgi complex in the formation

of VEE (14) and Aura (8) viral particles has been
previously stressed; however, budding of group A
arboviruses at the Golgi cisterns has only been
reported in Semliki Forest virus infection of
mouse brain (5). Budding of VEE virus at the
tortuous cisterns, sacs, and vesicles of the Golgi
area have been described; these structures also
revealed acid phosphatase activity. The presence
of the enzyme in the cisterns indicates that they
belong to the Golgi complex and indicate a new
way of intracellular maturation of group A
arboviruses (5).
VEE viral particles in the lumen of blood

vessels were frequently seen; I have no knowledge
of a previous report of this finding in VEE or
other arbovirus infections. Viral particles in the
blood stream must be considered as morphologi-
cal evidence for the severe viremia of VEE-
inoculated newborn mice. The presence of VEE
virus in the periphery of the myelin sheath of some
axons is similar to the observations reported in
Japanese B encephalitis virus infection of mice
(16). These findings may bring into consideration
a possible periaxonal route for virus dissemina-
tion in the central nervous system.

Histochemical findings demonstrated increased
acid phosphatase activity in the Golgi complex
and lysosomes of infected nerve cells. Previous
light microscopic studies have revealed acid
phosphatase activity in tissue culture cells in-
fected with several viruses (2). Augmentation of

acid hydrolytic enzymes was considered to be a
defensive reaction of the cells to digest viral
proteins (8). Acid phosphatase activity in the
endoplasmic reticulum and perinuclear cistern of
nerve cells in VEE virus infection suggested in-
creased production of this enzyme in the ribo-
somes.
The presence of acid hydrolytic enzymes in

the nervous tissue of VEE-inoculated newborn
mice may represent a response of the lysosomal
system of the nerve cells infected by the virus. It
is likely that increase production of acid phos-
phatase may also correspond to a direct action of
VEE virus on the enzymatic system of the nerve
cells.
More detailed investigations of the ultrastruc-

ture and histochemistry of nervous tissue infected
by VEE virus are necessary to understand the
morphological and physicochemical basis of
cell-virus interaction.
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