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Summary  

The growth of varicella-zoster virus (VZV) in cultures of human brain (HB) 
and human ganglion (HG) cells was compared to VZV growth in human fibroblasts. 
Infected cultures were monitored by  histologie, electron microscopic (EM), and 
virologic techniques. Two to three days after VZV infection of all cell cultures at a 
multiplicity of infection (MOI) of 0.1, a multifocal cytopathic effect (CPE) 
developed. CPE was characterized by  multinucleated cells and virus-specific 
intranuclear inclusions as determined by  immunofluorescence and EM. In  VZV- 
infected H B  and HG cells only, large vacuoles were also seen in the cytoplasm 
of dying cells. Some vacuoles were almost devoid of structures. ~rithin and a t  
the limiting membranes of other vacuoles, aggregates of VZV particles (measuring 
210--230 nm) were seen enveloped in osmiophilic material. VZV infection of HB 
and t tG  cultures was strongly cell-associated. Clarified tissue culture medium 
removed at maximum CPE failed to infect homologous t tB  or H G  cells. When an 
inoculum of VZV-infected HB or HG cells was transferred to homologous un- 
infected cultures for 10--15 passages, the incubation period for CPE remained 
constant, and the titer of VZV in cells sampled randomly corresponded to the 
amount  of virus that  was used for original infection. 

Introduction 

Despite the clinical and epidemiologic evidence which suggests tha t  varicella- 
zoster virus (VZV) is latent  in human ganglia (HG) (17), visualization of VZV by  
electron microscopy (EM) or demonstration of VZV antigen by  immunofluores- 
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cence ( IF)  in H G  is rare .  I n  th ree  ins tances ,  V Z V  was  seen b y  E M  in t h r e e  d i s t i n c t  

cell  t y p e s  of H G  o b t a i n e d  f l 'om p a t i e n t s  who  h a d  d ied  of va r i ee l l a  i n fec t ion  (7, 

10, 21). V Z V  was  l a t e r  i so la t ed  f r o m  a h u m a n  tho rac i c  g a n g l i o n  (24). I t  is surpr is-  

ing  t h a t  V Z V  is so r a r e l y  d e m o n s t r a t e d  in h u m a n  b r a i n  (HB)  or  H G ,  since cl inical  

zos te r  p roduces  an  i n f l a m m a t o r y  r e a c t i o n  of pos t e r io r  n e r v e  roo t s  a n d  gang l i a  (15) 

a n d  a ra re  e n c e p h a l o m y e l i t i s  (16, 20). 

I n  a n  a t t e m p t  to  f u r t h e r  s t u @  t h e  r e l a t i onsh ip  of V Z V  to  cells of n e r v o u s  

s y s t e m  origin,  V Z V  was :main ta ined  in cell cu l tu res  of H B  a n d  H G .  The  in fec ted  

cu l tu re s  were  m o n i t o r e d  b y  his to logical ,  u l t r a s t r u c t u r a l ,  a n d  v i ro log ica l  t echn iques .  

P r o p a g a t i o n  of V Z V  in  H B  a n d  H G  cells was c o m p a r e d  w i t h  g r o w t h  of t h e  v i rus  

in  h u m a n  l u n g  e m b r y o  f i b rob l a s t  cul tures .  

Materials and Methods 

Cells 

H B  and H G  cell cul tures were established as previous ly  described (2, 11). In long- 
t e r m  cul tures  of exptan ted  H B  tissue, cells of mesenehymM and neuroglial  origin 
have  been described (23). Neurons  are not  present  in subcul t iva ted  H B  cells. Glial 
f ibri l lary acidic protein,  a marke r  of astroeytes ,  can be demons t ra t ed  in a t  least  
4 different  cell types  th roughou t  the  finite l i fet ime of H B  cell cultures (12). Morpho- 
logical, and immunochemiea l  studies of expire]ted H G  cells in long- te rm cultures have  
no t  ye t  been done. All HG,  H B ,  and human  lung f ibroblast  (WI-38 or  MRC-5) cells 
were cu l t iva ted  in Eagle ' s  med ium supplemented  wi th  g lu tamine  and 10 per cent  
fetal  bovine  serum (E @ 10). 

Virus 

The  Web A (RIT)  s t ra in  of VZV was k indly  provided  by Dr.  S tan ley  Plotkin.  
This  s t ra in  of VZV was originally isolated f rom the  vesicle of a pa t i en t  wi th  chicken 
pox  and had  been cu l t iva ted  in WI-38  or MllC-5 cells. The  VZV4nfec ted  cells were 
s tored in l iquid  n i t rogen a t  --  190 ° C. The  t i ter  of s tored virus was 10 a.25 tissue cul ture  
infectious doses (TCID)50/0.1 ml  in MRC-5 cells. 

VZ V In/ection 

Monolayer  cul tures  of H B ,  I tG,  and MRC-5 were infected with  VZV in T 25 Fa lcon  
flasks and on glass coverslips in 60 m m  petr i  dishes at  an MOI  of 0.1. Infec ted  cultures 
were incuba ted  a t  37 ° C for one hour,  refed wi th  E -~ 10, and ma in ta ined  a t  37 ° C 
while  being moni to red  for cy topa th ic  effect (CPE). When  CPE developed in cultures 
on coverslips, cells were e i ther  f ixed in 10 per  cent  neut ra l  buffered formal in  and 
s ta ined wi th  hema toxy l in  and  eosin for histologie examina t ion  or  f ixed in cold acetone 
and stored at  - -20  ° C for IF  studies. When  CPE developed in T25 flasks, the  tissue 
cul ture  med ium was r emoved  and  centr i fuged a t  800 rpm. The  ceil layer  was t h e n  
released wi th  a mix tu re  of 0.25 per  cent  t rypsin  and 0.1 per  cent  versene and resuspend- 
ed in 5 ml of E ~- 10. One ml of the  t ryps in ized  cell suspension or 1 ml  of the  clarified 
t issue cul ture  m e d i u m  was inocula ted  onto fresh monolayers  of homologous cells in 
T 25 flasks, and the  cultures were moni to red  for CPE as described above.  To s tudy  
the  adap ta t ion  of VZV to H B  and  t t G  cells, VZV-infected cells were t ransferred to  
fresh homologous cell cultures 10--15 times. 

V Z  V Titration 

Aliquots  of 0.2 ml  of serial 10-fold dilutions f rom 10 -1 to 10 -6 of the  infected cell 
suspension were placed in each of four  30 m m  plast ic  pet r i  dishes conta in ing  h u m a n  
fibroblast ,  brain, or gangl ion cell cultures. The  dishes were incuba ted  1 hour  a t  37 ° C, 
refed wi th  E - ~  10, incuba ted  at  37 o C, and moni to red  for CPE.  The TCIDso was 
calculated according to the  m e t h o d  of Reed  and Muench.  
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Immuno /luoreseenee 
Acetone-fixed infected cells on coverslips were stained for the presence of VZV 

antigen by the indirect IF  technique (13) using a 1 : 10 dilution of human serum obtain- 
ed from a patient convalescing from clinieM zoster infection, and a 1:20 dilution of 
fluorescein isothiocyanate-conjugated goat antihuman immunoglobulin (Cappel 
Laboratories, Dowingtown). Uninfected cells were stained with the same sera. 

Electron Microscopy ( E M  ) 
H:B and HG cultures in T 25 flasks were in%cted with VZV. When CPE developed, 

the cultures were fixed in several changes of a chilled phosphate buffered solution of 
1 per cent paraformMdehyde and 1.25 per cent gluteraldehyde (18). The flasks were 
stored at 4 ° C for several days, post fixed in situ with 2 per cent osmium tetroxide, 
dehydrated in graded ethanol solutions and infiltrated with Epon 812. Areas of 
interest were cut from the embedded monolayers with a jeweler's saw affixed to 
acrylic dowels; 1 pt thick and ultrathin sections were prepared for phase and electron 
microscopy. Ultrathin sections were viewed in a Phillips EM300 with a eucentrie 
goniometer stage after being stained with uranyl acetate and lead citrate. 

Results 

After infection of HB,  HG, or human  lung fibroblast cultures with VZV at a 
M 0 I  of 0.1, multifocal areas of CPE developed within 48--72  hours. These areas 
enlarged, but  remained discrete for the next  5 - -7  days. Eventua l ly  the monolayer  
was destroyed as the edges of focal areas of CPE coalesced. 

The initial CPE in all three types  of VZV-infected cultures was characterized 
by  focal areas in which cells rounded,  cell processes elongated, and intercellular 
bridges formed. Within  1- -2  days, the focal areas were replete with small syncytia,  
mult inueleated cells (Fig. 1) and intranuelear inclusions (Fig. 2). An additional 
change seen only in H B  and HG cells was vacuolar  degeneration in the cytoplasm 
of dying cells (Fig. 2). Vacuolar changes were observed more frequently in H B  
than  in HG cells and were often seen in the absence of other CPE (Fig. 3). VZV 
antigen, as determined by  IF ,  was present in the nucleus of all cell types within 
24 hours. Most VZV antigen remained confined to the nucleus as CPE evolved 
and the cell monolayer  died (Fig. 4). Occasionally fluorescent specks of VZV 
specific antigen were seen in the cytoplasm, often abut t ing  the cell membrane,  

Ul t ras t ructura l  findings -were similar in VZV-infected I t B  and H G  cells. Int ra-  
cytoplasmic vacuoles of various sizes were seen in both  mononueleated and multi- 
nucleated cells. The giant  cells and intracytop]~smie vacuoles were sometimes too 
large to be viewed on a single thin section. In t ranuclear  changes consisted of 
progressive marginat ion of the nuclear chromatin which was replaced by  a ra ther  
homogeneous,  moderate ly  osmiophilic material  (Figs. 5, 6) in which typical  VZV 
nucleocapsids were scattered. The particles measured i00- -106  nm in diameter 
and var iab ly  contained a dense core. In t rannclear  paraerystall ine arrays  of virus 
particles were not  seen. Reduplicat ion ol the nuclear membrane  was not  seen, 
and virus budding th rough  the nuclear membrane  was infrequent. 

Numerous  intracytoplasmic aggregates of viral particles enveloped in highly 
osmiophilic material  occurred both  within and at  the limiting membranes  of 
great ly  expanded intracytoplasmic vacuoles (Figs. 5, 6). Often, the osmiophilie 
material  was seen at intracy~oplasmic membranes  unassociated with virus nucleo- 
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eapsids (Fig. 7). The densely osmiophilic material in small intracytoptasmie vacuoles 
appeared to develop as a modification of the smooth endoplasmic reticulum, 
possibly originating from Golgi membranes (Fig. 7). The largest vacuoles, which 
were completely devoid of any structure, correlated with the vacuolar change 
detected by light microscopy (Figs. 3, 6). Enveloped, pleomorphie particles measur- 
ing 210--230 nm appeared to bud into vacuoles and from polar regions of the 
cell membrane (Fig. 8). The ultrastrueture of VZV replication was identicM in 
both mononneleated and multinucleated cells. 

Clarified tissue culture medium removed at maximum CPE in VZV-infeeted 
cultures of HB, HG, or human fibroblast cells failed to infect fresh monolayer 
cultures of homologous cells. When VZV was transferred to t IB and HG cells 
for 15 and 10 passages respectively, the incubation period for CPE remained 
constant. At passage 15, the titer in HB cells was 102.75 TCID50/0.1 ml. At passage 
10, the titer in HG cells was 104 TCIDs0/0.t ml. 

Fig. 5. A portion of an tlG celt shows moderately well developed VZV CPE. The nucleus 
(upper left) cont~ains a partially degenerating nueleolus, dispersed nuclear chromatin 
and severM scattered nueleoeapsids bo~h with and without dense cores. Small to 
moderately enlarged vacuoles are seen in the cytoplasm. The smaller vacuoles are 
Mmost filled with pleomorphie VZV particies with densely osmiophilie coat material. 
Similar particles are seen at the borders of the larger, otherwise empty-appearing 

intracytoplasmic vacuoles. × 7880 



Varicelta-Zoster Virus in Brain and Ganglion Cultures 113 

Fig. 6. A portion of an HG cell showing severe vacuolation. The nuclear chromatin is 
marginated and replaced by a finely granular, moderately osmiophilic material in 
which scattered nueleocapsids are just discernible at this magnification. Two intra- 
cytoplasmic vacuoles are completely encompassed within the field. Small portions 
of two additional, very large intracytoplasmic vacuoles are seen. at the lower portion 
of the photomicrograph. VZV particles within dense coats are seen scattered irregularly 

at the membrane surfaces that define these vacuMes. × 2710 

Discussion 

These studies demonstrate that VZV may be propagated successfully in HB 
and HG cells. VZV has already been shown to grow in various primary, diploid and 
heteroploid cell lines (8, 25) in which CPE is usually characterized by multifocal 
areas of cell degeneration, intranuclear inclusions and syncytial formation. These 
same changes were seen in VZV-infected I-IB and HG celts. In addition, vacuolar 
degeneration occurred consistently in cells of nervous system origin. Vacuolar 
degeneration might be interpreted as a nonspecific change in dying tissue; how- 
ever, the vacuolar changes were never seen in uninfected t tB or HG cells at 
corresponding passages. EM observations suggest that  the large vacuoles develop 
from smaller intracytoplasmic vacuoles in which VZV nucleocapsids are enveloped 
in a densely osmiophilic pleomorphic coat. Small intracytoplasmic vacuoles have 
also been seen by EM in other VZV-infected cells (1, 6, 9), in human skin vesicles 
(26, 19, 14), and in VZV-infected human ganglia in vivo (7, 10, 21). In the in vivo 
material, however, large fluid-filled vacuoles were unusual, and nucleocapsids 
within the coat material were often irregular. The coat material appeared to 

8* 
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Fig. 7. De~ail of the osmiophilie material that forms the envelope coat of VZV particles. 
In this photomicrograph, no virus nueleoeapsid is seen. The eoa¢ material can be seen 
to develop from both sides of intracytoplasmie smooth membranes, possibly of Golgi 

origin. × 87,400 

develop from both the cytoplasmic and internal leaflets of the intracytoplasmic 
smooth membrane vacuoles ; it was not always associated with viral nucleoeapsids. 

Cell-free VZV was not obtained in HB or IKG cultures. However, no exhaustive 
efforts were made to free virus from cells by various methods of cell disruption 
as had been done after VZV infection of human thyroid cells (4) or human lung 
embryo fibroblasts (3). On those few occasions when cells were disrupted, very 
small amounts of cell-free virus were recovered. Thus, VZV in HB and HG cells 
remains largely, if not completely, cell-associated as is the ease in most other tissue 
from human or primate origin. 

Of considerable interest is the fact that  the growth characteristics of VZV in 
HB and HG cells did not change in. vitro. Neither the titer of VZV in HB and HG 
cultures, nor the incubation period prior to CPE changed with repeated passage 
in culture. In  addition, morphologic features of CPE remained constant with 
repeated passage of VZV in HB and HG cultures. If the speculation is correct 
that  VZV is latent in hmnan ganglia, it is possible that VZV might become latent 
after primary infection of HG cells. Another possibility is that  primary infection 
of f iB or HG eells in  vitro would be followed by more rapid CPE than occurs after 
primary infection of other cell lines with VZV. However, neither latency nor a 
more fulminant CPE developed. Perhaps VZV replicates preferentially in the 
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Fig. 8. Pleomorphic VZV particles are seen developing at the plasmalemma of an 
infected cell. Particles within intracytoplasmic vacuoles occasionally appeared to be 

released to the exterior to the cell by exocytosis. × 34,700 

neuron, a cell which is not seen in subeultivations of HB and HG tissue (23), but 
which appears to harbor herpes simplex virus in spinal ganglia (5). Finally, the 
HB and HG cultures were devoid of anti-VZV antibody. Virus-specific ant ibody 
may  be necessary to induce latency; the activation of latent herpes simplex virus 
from ganglia explanted in the presence of immune serum is much less than the 
virus activation in explants kept in antibody-free medium (22). To resolve these 
issues, it will be necessary to infect organ cultures containing viable neurons with 
VZV, and also to grow VZV-infeeted cells in medium containing anti-VZV antibody. 
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