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A B S T R A C T  

The cultivated monkey kidney cell is subject to changes when infected with E C H O  viruses 
6, 9, and 19. The  electron microscope reveals three stages of infection: (a) initial stage. 
The  nucleus appears granular with chromatin condensation on the nuclear envelope. The  
cytoplasm contains electron transparent vesicles and vacuoles forming nests. (b) Interme- 
diate stage. The  nucleus seems to diminish, appearing more pycnotic and displaced toward 
the periphery. The cytoplasm is filled with electron transparent vacuoles and vesicles, and 
dense masses as well as some spiral bodies are seen. The  mitochondria retain their shape. 
Dense particles are seen, which are possibly of viral nature. (c) Final stage. The nucleus is 
contracted to a narrow strip close to the cellular membrane or is completely destroyed. 
The  cytoplasm shows no apparent changes. Crystals are frequently observed in cells in- 
fected with E C H O  viruses 6 and 19, consisting of dense particles with an average diameter 
of 14.4 m# ranging from approximately 13.2 to 15.6 m# for E C H O  virus 6, and 14.5 m/~ 
ranging froi~ approximately 12.5 to 16.5 m/~ for E C H O  virus 19. These particles are 
clustered in hexagonal packages forming angles of 75 ° and 105 ° . The particles in most 
crystals are arranged in rows separated by a constant distance, the latter varying from one 
crystal to another and being approximately 1.5 and 2.5 times the distance between par- 
ticles. Other particles were observed which, however, are not considered to be of viral 
nature. 

As a part of a general study of electron micro- 
scopic changes induced in tissue cultures by entero- 
virus infection, the alterations in cultivated mon- 
key kidney (MK) cells infected with three types of 
E C H O  virus are here presented. 

The changes induced in cultivated kidney cells 
by polioviruses have been studied previously, by 
both electron (1) and light (2, 3) microscopy. 
There are reports on the findings of crystals in 
polioviruses (4, 5), Coxsackie virus (6), E C H O  
virus 19 (a preliminary communicat ion by us, 
reference 7), and recently also a presumably 
E C H O  virus (8) and E C H O  virus 9 (9). 

M A T E R I A L  A N D  M E T H O D S  

Tissue Cultures: Kidney cells of Macaca mulatta 
Zimmermann (1780) and M. irus Cuvier (1818) l 
were prepared by trypsinization, following the 
technique described by Bodian (10). The ceils were 
grown in 103 medium. 
Stock Viruses: ECHO virus 6, D'Amori strain; 
ECHO virus 9, HEV-3 strain; and ECHO virus 
19, Burke strain. 

1 According to Hartmann and Strauss, we are deal- 
ing with Macaca mulatta Zimmermann (1780) and 
M. irus Cuvier (1818) rather than the species errone- 
ously listed in our previous publication (7). 
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Procedures: Cells were massively infected and 
samples collected in diverse stages of infection. The 
first samples were taken when initial signs of infec- 
tion appeared in some cells, which generally occurred 
4 to 5 hours after inoculation. The last samples 
were collected when pathologic signs appeared 
and many cells had become detached from the glass, 
usually within 48 hours. 

The material was fixed with a buffered 1 per cent 
osmium tetroxide solution (pH 7.3) made isotonic 
with sucrose. Fixation time was 1 hour or more. The 
material was embedded in methacrylate and sec- 
tioned by means of a diamond knife in a Fern~ndez- 
Morgm type ultramicrotome (11). Observations 
were made under a Siemens Elmiskop I electron 
microscope. 

O B S E R V A T I O N S  

Normal Cell 

Fig. 1 shows a normal  M K  cell used as a control. 
The  nucleoli are small and clear cut. The  nuclear  
envelope is normal .  Mi tochondr ia  of various sizes 
and  shapes are seen in the cytoplasm. Structures 
resembling the Golgi complex are sometimes 
visible, occupying mostly a small zone formed by 
vesicles and  vacuoles. Fat  droplets are frequently 
seen. 

Cytopathological Changes 

In the infected cells three stages of infection can  
be distinguished. 
Initial Stage: Early in the infection, the nuclei 
become more  granular ,  tending to condense at  the 
periphery. The  nucleoli appear  larger. No reduc- 
t ion in nuclear  volume or changes in nuclear  en- 
velope are evident  at  this stage (Fig. 2). 

The  cytoplasm shows few alterations. Groups of 
electron t ransparen t  vesicles and vacuoles of 

various sizes and  densities are more  numerous  
than  in normal  cells. Occasionally the vesicles ap-  
pear  elongated as they do in the Golgi complex. 
The  mi tochondr ia  appear  to be normal  (Fig. 2). 
Intermediate Stage: Flat tened and  displaced nuclei 
are located at  the periphery.  The i r  volume de- 
creases and  the membranes  of the nuclear  en- 
velope appear  to be pulled apart ,  forming lacunar  
spaces. A remarkable  condensat ion of the chroma-  
t in can be seen on the nuclear  envelope. The  
nucleolus is enlarged (Figs. 3, 4, and  7). 

The  cytoplasm becomes filled with electron 
t ransparen t  vacuoles and  vesicles, which sometimes 
form a central  mass in association with normal  and  
abnormal  organelles (Figs. 3 and  4). Vacuoliza-  
t ion commences  at  foci (Fig. 2) and  increases 
gradually,  eventually encompassing the whole 
cell. The  vesicles are usually difficult to detect  
with precision because they are small and  are 
scattered among electron t ransparen t  vacuoles 
(Figs. 3 and  4). 

Dense masses of varying size, as well as spiral 
bodies, dispersed in the cytoplasm, which  do not  
appear  dur ing  the initial stage, are also seen at this 
period (Figs. 3 to 7). A spiral body is apparent ly  a 
cytoplasmic mass which is isolated in a cavity and  
undergoes spiraling but  which remains connected 
to the rest of the cytoplasm by a bridge. These 
bodies are devoid of organelles (Figs. 3 to 7). 

The  mi tochondr ia  appear  to be generally nor-  
mal,  except for some swelling and  rupture  of a 
few cristae, even dur ing  late stages of cellular dis- 
in tegra t ion (Figs. 3, 4, 7, and 10). 

Dur ing  the in termedia te  stage, groups of par-  
ticles or crystals in process of format ion appear  
in the cytoplasm (Figs. 6, 7, and  10). 
Advanced Stage." The  nuclei are destroyed by 
karyolysis, or are reduced to a very dense mass 
close to the cellular membrane .  Cells shrink to 

FIGURE 1 

Normal monkey kidney cell. In  the center is a nucleus (N) with a small nucleolus (n). 
Dispersed mitochondria (M) and a few small vesicles and vacuoles are visible. M 12,000. 

FIGURE 

Initial stage of a cell infected with ECHO virus type 19. The nucleus (N) presents a 
slightly dense ehromatin with a tendency to condense under the nuclear envelope, 
which appears normal. Mitochondria (M) can be seen in the cytoplasm, as well as 
an accumulation of vesicles and a few electron transparent vacuoles (Va). The size 
of the vesicles is variable; some vesicles are denser than others. X 59,000. 
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rounded masses, retaining no structure at all. 
Most of the crystals are seen during this stage 
(Figs. 8, 9, and 11). The  progressive degeneration 
of the cytoplasm is manifested by rupture of the 
mitochondrial  cristae and disappearance of vesi- 
cles, masses, fat droplets, and spiral bodies (Fig. 8). 

Particles 

Three kinds of particles may be found in the 
cytoplasm of cells infected with E C H O  viruses, 
the most specific being of uniform size and or- 
ganized into crystals. These particles were seen in 
cells infected with E C H O  viruses 6 and 19 (7), 
but not in cells infected with E C H O  virus 9. Each 
rounded or elongated particle has an osmiophilic 
central dense mass, the average size of which for 
E C H O  virus 6 is 14.4 m/z ranging from approxi- 
mately 13.2 to 15.6 m#, and for E C H O  virus 19 is 
14.5 m/~ ranging from approximately 12.5 to 16.5 
m# (Figs. 6 to 1 I). These particles are surrounded 
by an electron lucid zone. The distance between 
particles ranges from 20 to 30 mg, being constant 
in each crystal, but varying from crystal to crystal 
in both E C H O  viruses 6 and 19. 

Careful observations of crystals having similar 
densities, formed by equidistant particles, showed 
them to be clustered into hexagonal packages 
forming angles of 75 ° and 105 ° , never angles of 
90 ° . The particles in most crystals are arranged in 
rows separated by a constant distance, the latter 
varying from one crystal to another. This distance 
was found to be approximately 1,5 times (Figs. 7, 
8, and 11) and 2.5 times (Fig. 10) the distance be- 
tween particles. Occasionally some crystals were 
observed among disintegrated cells, in association 
with debris (Figs. 9 and 11). 

There are two other kinds of particles, one of 
which is smaller and the other larger than the 
virus particles. The smaller of these is about 10 m# 
or less in diameter and is found in clusters, but 

never forms crystals (Fig. 7). The larger particle, 
which is very rarely seen, varies in size from 20 to 
50 m/z. It  has a rounded or elongated shape (Fig. 
10) with very clear borders, is quite dense, and 
usually occurs singly. 

D I S C U S S I O N  

The nucleus is apparently the first part of the cell 
to respond to the viral attack. Most probably the 
nucleoprotein which forms the virus within the 
cytoplasm comes from the nucleus (12). Maassab 
and Ackcrmann (13), who studied the metabolism 
of HeLa  cells infected with polioviruses, found 
that the nuclear R N A  increases during the first 
hours and decreases thereafter, while the R N A  
in the cytoplasm begins to increase rapidly during 
the second hour after infection and shows a marked 
accumulation between the fifth and the twelfth 
hour. No particle was ever observed inside the 
nucleus, contrary to the observations reported in 
certain other viruses (14-20). 

The significance of the spiral bodies is at present 
obscure. A lameUar structure similar to the spiral 
bodies has been described by Adams and Prince 
(21), in the cytoplasm of Ehrlich ascites tumor ceils 
infected with Newcastle disease viruses. Thus, the 
spiral bodies may be related to the defense mecha- 
nism of the cell. 

The early appearance of electron transparent 
vesicles and vacuoles in the infected cells is of in- 
terest. Although these structures do not have the 
typical form of the Golgi complex, we believe 
them to be of the same nature. These structures 
are reminiscent of those observed in normal tissue 
(22-24). In experiments with other viruses--  
Reovirus (25) and VEE virus (26)--similar 
changes have been noted. 

During the infectious process, there appears to 
be a hyperproduction of vesicles in the Golgi 
complex (27). Changes in the Golgi zone have 

FIGURE 3 

Intermediate stage of a cell infected with ECHO virus type 6. The nucleus (N) is 
pushed toward the periphery. The chromatin is condensed under the nuclear cn- 
vclope. Apparently the nucleus has begun to diminish in volume, leaving empty 
spaces between the membranes of the nuclear envelope (+) .  The cytoplasm is filled 
with a central mass of electron transparent vacuoles (Va) of different sizes and shapes. 
Vesicles (Ve), five spirals (5"), and some dense masses (DM) are seen. Normal mito- 
chondria (M) lie between them. )< 43,000. 
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FIGURE 6 

In te rmedia te  stage of a cell infected with E C H O  virus type 6. A bridge of a spiral (S) can  be seen 
touching  a viral crystal (C). T h e  particles are equidistant .  Mi tochondr ia  (M) and  electron t rans-  
pa ren t  vacuoles (Va) are also visible. X 79,000. 

FIGURE 4 

In te rmedia te  stage of a distorted cell infected with E C H O  virus type 19. The  nucleus 
(N) is completely distorted and  displaced and  its ch roma t in  condensed at the  periphery.  
Apparen t ly  the  nucleus  (N) has  s tar ted to d iminish  in volume,  leaving lacunar  spaces 
between the m e m b r a n e s  of the  nuclear  envelope ( + ) .  T h e  center  of  the  cy toplasm is 
occupied by a mass  of  electron t r ansparen t  vacuoles (Va), vesicles (Ve), spirals (S), 
dense masses (DM),  and  no rma l  mi tochondr ia  (M). X indicates an  u n k n o w n  structure.  
X 23,000. 

FIGURE 5 

In te rmedia te  stage of a cell infected with E C H O  virus type 6, showing a spiral in 
the  process of  formation.  T he  arrow points  to a false bridge. Mi tochondr ia  (M) are 
also visible. X 44,000. 
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also been  described in Ehr l ich  tumor  cells in- 
fected wi th  Newcastle disease, West Nile, and  
Anopheles A viruses, as well as in chicken lym- 
p h o m a  cells infected with St. Louis encephali t is  
virus and  HeLa  cells infected with Coxsackie 
B3 virus (28). Also, Adams and  Prince (21) found 
an  increased n u m b e r  of Golgi vesicles in Ehrl ich 
ascites cells infected with Newcastle disease virus, 
and  they speculated tha t  this might  represent  a 
"par t i c ipa t ion  in a type of intracel lular  defense 
mechan i sm."  O n  the other  hand,  the Golgi com- 
plex might  perhaps  play a role in the format ion of 
new viral  particles. 

The  particles which form crystals in the infected 
cells are believed to be of viral  na ture  because of 
their  homogeneous appearance  and uniform size. 
They  have  never  been found in normal  cells, and  
thei r  size is in good agreement  with  tha t  de- 
te rmined by other  techniques (29). H a n z o n  and  
Phill ipson (30) observed crystalline formations,  
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FIGURE 7 

Intermediate stage of a cell infected with ECHO virus type 19. The flattened nucleus 
(N) is seen with the chromatin resting on the nuclear envelope. The crosses ( + )  indi- 
cate the empty spaces between the membranes of the nuclear envelope. An accumula- 
tion of particles (P), 10 m~ or less, is seen in the cytoplasm. Mitochondria (M), elec- 
tron transparent vacuoles (Va), and a crystal (C) formed by elongated particles are 
also visible. On the left side of the nucleus is a mass resembling a spiral (S).)< 51.000. 
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Advanced stage of a cell infected with ECHO virus type 19, showing a crystal (C) 
at the left. A spiral-like mass (S) is visible on the right. The particles are elongated 
and the distance bctween them is well defined. The distance between the rows is 1.5 
times the distance between the particles. X 39,000. 
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An elongated crystal adhering to cellular remnants appears among amorphous masses 
of cellular origin. The cell was infected with ECHO virus type 19 and was in the ad- 
vanced stage. The particles are rounded and equidistant, forming angles of 75 ° and 
105 °, never right angles (90°). X 75,000. 
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FIGURE 10 

A crystal in the cytoplasm of a cell infected with ECHO virus type 19, in the interme- 
diate stage. There arc vacuoles (Va), dispersed particles, and a mitochondrion (M). 
To the left of the crystal is a large dcnse particle (arrow). All particles in the crystal 
are round. The distance between the rows of particles is 2.5 times the distance be- 
tween particles. Careful observation will reveal fairly dense strips, separated by clear 
ones, between the rows. )< 108,000. 

FmuR~ 11 

A crystal, apparently disintegrating, in cellular debris during the advanced stage of 
infection. No structure is discernible in the mass of cellular remnants. The particles 
arc round. The distance between the rows is 1.5 times the distance between the par- 
ticles. X 60,000. 
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