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Summary. Generalized vascular changes and diffused proliferation of reactive microglia 
were observed in an experimental model of I-ISV encephalitis of mice. The wide spread of 
these changes contrasted with the localized character of virus replication and the confined 
areas of damaged nervous tissue. The vascular and mieroglial changes were precocious in 
animals inoculated with concentrated virus suspension (10S.~LD~0) while they appeared late 
in mice inoculated with diluted virus suspension (100 LDs0 ). After inoculation with U.V. in- 
activated virus no changes were seen. 

The results obtained in this study suggest that the vascular and microglial modifications 
are not related to a direct eytopathic effect of the virus but dependent on the amount of virus 
present in the central nervous system and linked to the virus DNA. 

Key words: Herpes simplex encephalitis -- Blood-vessels -- Reactive mierogtia -- 
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The u l t r a s t r u c t u r a l  fea tures  of  expe r imen ta l  and  spontaneous  infect ion of  the  
nervous  t issue b y  herpes  s implex  virus  (HSV) have  been ex tens ive ly  descr ibed in 
recen t  years .  The deve lopmen t  and  spread  of virus  in  vivo and  in  vitro (Morgan 
et al., 1954; Morgan  et al., 1968; Nii  et al., 1968; R a b i n  et al., 1968; Lees tma  et al., 
1969; Kr is tensson,  1970), the  re la t ionship  be tween the  host  and  the  vi rus  (Feld- 
m a n  et al., 1968; Schwar tz  and  El izan,  1973 a), the  aspects  of  abor t ive  and  chronic 
infect ion (Spring et al., 1968; Schwar tz  and  El izan,  1973b) and  the  neuronal  and  
glial  changes in h u m a n  and  expe r imen ta l  H S V  encephal i t i s  (Swanson et al., 1966; 
Kr i s tensson  and  Ha l t i a ,  1970; Bar inger  and  Griffith,  1970; Norris ,  1972; Dubois-  
Da lck  et al., 1972; Y a m a m o t o  et al., 1973), all  have  been s tud ied  in de ta i l  b y  
e lect ron microscopy.  However  the  u l t r a s t rnc tu re  of  the  vessels has been r epor t ed  
only occas ional ly  in H S V  infect ion and  pa r t i cu l a r  changes have no t  been referred 
to :  the  changes descr ibed corresponded to those  found in necrot ic  zones. 

The  scarc i ty  of  in fo rmat ion  abou t  the  vessels and  the  changes in the  ac$ivi ty  
of  a lkal ine  phospha tases  and  nuc leos idephospha tases  of  the  capi l la ry  walls and  
glial  cells r epo r t ed  b y  Farkas -Barge~on  et al. (1975) in the  expe r imen ta l  H S V  of  
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mice  p r o m p t e d  us to  i n v e s t i g a t e  a possible  co r r e l a t i on  b e t w e e n  t hose  changes  

a n d  an  u l t r a s t r u c t n r a l  mod i f i c a t i on  o f  t h e  b lood-vesse l s  a n d  glia.  P a r t i c u l a r  

v a s c u l a r  changes  a n d  di f fused p ro l i f e r a t i on  of  r e a c t i v e  mic rog l i a  were  o b s e r v e d  

in th is  s tudy .  Thus ,  e x p e r i m e n t s  were  u n d e r t a k e n  w i t h  t h e  pu rpose  o f  c la r i fy ing  

the  or ig in  of  these  modi f ica t ions .  

Material and Methods 

Cells and Culture Media. Vero cells obtained from the kidney of a normal adult African 
green monkey and routinely propagated in the laboratory (Unit4 43-I.N.S.E.R.M.), were 
used. Eagle's medium supplemented with 10 ~ calf serum was utilized. 

Virus. The Thealy strain of herpes simplex virus Type I was kindly supplied by Dr. P. Lebon 
(Department of Virology, Saint-Vincent de Paul Hospital, Paris). The cultures were infected 
at a multiplicity of 10 plaque forming units (PFU). In vivo the virus titers were determined 
by the 500/0 end-point calculated by the method of Reed and Muench (1938); the virus stock 
suspension contained aproximately 10~.~LDs0 per 0.01 ml. 

Animals. Three weeks old Balb-C mice, weighing 10 g, obatined from Charles River and 
bred at the Unit4 43-I.N.S.E.R.M,, were used in the experiments. 

Preparation /or Electron Microscopy. The central nervous system of mice was fixed by 
perfusion via the left cardiac ventricle with phosphate buffered mixture of paraformaldehyde 
and glutaraldehyde. Samples taken from the fronto-parietal cortex, the hippocampus, pons, 
spinal cord and olfactory bulb were post-fixed in 2 ~ phosphate buffered osmium tetroxide, 
stained in block with uranyl acetate, dehydrated and embedded in araldite. Sections 1--2 
thick were cut in Om-U3 Reichert ultramicrotome and stained with toluidine blue. Thin 
sections from selected parts of the samples were stained with uranyl acetate and lead nitrate 
and examined in a Siemens 101 electron microscope. 

Experimental  Procedure 

Group 1. One hundred mice were inoculated in the right cerebral hemisphere with 100 LD.~0 
of HSV (0.01 ml of diluted virus stock suspension). Most of the animals became hyperexcitable 
to sound and light effects within 48 to 72 hrs and all developed a severe neurological syndrome 
with paralysis of the limbs, seizures and uncounsciousness on the 4 th--5th  day following the 
inoculation. Sixty four mice were sacrificed for electron microscopic study at different time 
intervals: 4 mice at 24 hrs, 8 at 48 hrs, 8 at 72 hrs, 24 at 4 days and 20 at 5 days after inocula- 
tion. From the animals which were inoculated but not processed for electron microscopy, 
seven died on the 4th day, 10 on the 5th day, 17 on the 6th day and 2 were still alive 1 month 
later. 

Five control mice were intracerebrally inoculated with 0.01 ml of non-infected extract of 
Vero cell cultures. These animals seemed in good health when sacrificed 5 days after inoculation. 

Group 2. Forty  mice were inoculated in the right cerebral hemisphere with 10~-SLD~0 of 
tISV (0.01 ml of undiluted virus stock suspension). The first symptoms of disease were noted 
18 hrs after inoculation and all the mice were died within 3 days. Groups of 4 animals were 
sacrificed at 6, 8, 10, 24, and 72 hrs following the inoculation and processed for electron 
microscopy. 

Group 3. Forty  mice were intracerebrally inoculated with 105.5LD50 of HSV irradiated by 
ultraviolet light (U.V.)--total of U.V. irradiation ~ 18000ergs. Groups of 4mice  were 
sacrificed at 6 hrs, 8 hrs, 12 hrs, 24 hrs, 72 hrs, 5 days and 1 month. The surviving animals 
did not exhibit any disturbance within 2 months. 

The assay of the antigenic effect of t tSV after U.V. irradiation was determined by two 
methods: 1) Direct t i tration of neutralizing antibodies in the sera of mice intraperitoneally 
inoculated with U.V. irradiated virus; 2) Intracerebral injection of 100 LDs0 of HSV 1 month 
after the intraperitoneal injection of U.V. irradiated virus; these animals were compared to 
a control group intracerebrally inoculated with the same dose of HSV but not  previously 
inoculated with U.V. inactivated virus. 
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Results 

Group 1. Mice inoculated with 100 LDs0 HSV (0.01 ml of diluted virus stock 
suspension). 

The central nervous system of mice sacrificed 24 hrs after inoculation did not 
reveal any ultrastruetural alteration. 

On the second day following the inoculation the nervous tissue was generally 
well preserved though some neurons and astrocytes in the spinal cord, pens and 
olfactory bulb showed nuclear changes. These consisted of an excessive nuclear 
folding and/or coarsening, clumping and margination of nuclear ehromatin. 

In mice examined on the 3rd day after inoculation changes of the blood capillaries 
could be recognized in the different regions selected for study. They consisted of 
an enlargement of the endothelial cells and an increase in the number of free 
ribosomes which almost completely filled the cytoplasmic matrix (Fig. 1). A slight 
swelling of the astrocytic processes of the neuropil could also be seen in most of 
these regions but not in the fronto-parietal cortex and only rarely in the hippo- 
campus. 

Nevertheless it was only on the 4 - -5 th  day following the inoculation tha t  the 
ultrastructural  changes of the central nervous system became really prominent. 
At this t ime striking modifications of the blood vessels were observed in all the 
areas studied. The endothelium of most of the capillaries was enlarged (Fig.2a) 
and endothelial digitations projecting into the lumen were often seen in capillaries 
(Fig. 2 b) and venules. Several arterioles also exhibited severe changes of the endo- 
thelinm consisting of complete folding of the inner plasma membrane and extremely 

Fig. 1. Blood capillary in the cerebral cortex (3 days after inoculation with diluted HSV 
suspension). The cytoplasm of the endothelial cell is filled almost completely with numerous 

free ribosomes. • 14000 
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Fig. 2. (a) Blood c~pillary in the cerebral cortex (4 d~ys after inoculation with diluted HSV 
suspension). Striking enlargement of the endothelium. • (b) Blood capillary in the 

hippocampus (4 days after inoculation with diluted HSV suspension). Numerous fl~ps 
projecting into the lumen of the vessel. • 15000 

Fig. 3. Arteriole in the hippocampus (5 days after inoculation with diluted HSV suspension). 
The endothelium is deeply folded all along its inner contour. Note the wavy outline of the 

basement membrane. • 11000 
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Fig. 3 

numerous flaps giving to the vessel an embryonic appearance (Fig. 3). The endo- 
thelial projections contained frequently numerous pinoeytotie vesicles and a 
fibrillar osmiophilic material running perpendicularly to the basement membrane 

17 Acta neuropath. (Berl.) Bd. 33 
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Fig.4. Digitations of the endothelium into the lumen of an arteriole in the cerebral cortex 
(4 days after inoculation with a diluted HSV suspension). A false vacuole (V) is formed by 
the imbrication of two endothelial digitations. The endothelial projection on the right contains 

a fibrillar material (arrow) and some large pinocytotic vesicles (v). • 40000 

(Fig. 4) ; somet imes  the  imbr ica t ion  of  ne ighbour ing flaps formed vo luminous  false 
p inoey to t i c  vesicles (Fig. 4). Occasional ly  the  basemen t  membrane  of the  vessels 
showed a waving  contour  or exh ib i t ed  some extensions  which sp read  into the  
sur rounding nervous  pa renchyma .  

Ano the r  p rominen t  fea ture  de tec ted  in all  the  areas  selected for this  s t u d y  was 
the  occurrence of a g rea t  number  of reaet ive  microgl ial  cells (Fig. 5) represent ing  
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Fig.5. Microglial cell in the cerebral cortex (4 days after inoculation with a diluted HSV 
suspension). The ehromatin is disposed in clumps broadening the inner nuclear membrane; 
a large mass of chromatin lies in the middle of the nucleus. A single stringy cisternae of granular 
endoplasmic reticulum (arrows) overlies the top of the nucleus. The cell membrane has an 

indented contour. • 11000 

about 10 ~ of the cell population observed in our material. These cells, which 
spread throughout the nervous parenehyma, showed a very sinuous outline. They 
had a clumped nuclear chromatin broadening the inner nuclear membrane. The 
granular endoplasmie retieulum consisted of a single or few long and stringy 
eisternae disposed around the nucleus. Lipid bodies were rarely observed within 
the cytoplasm. 

The generalized distribution of vessels showing the above mentioned changes 
and the widespread occurrence of reactive mieroglial cells were in sharp contrast 
with the localized character of changes undergone by the neurons, astroeytes and 
oligodendroeytes. In  fact, while severe and extensive lesions of the nervous tissue 
were seen in the spinal cord, the pontine basis and olfactory bulb, a well preserved 
ultrastrueture of the nervous parenehyma was observed in the fronto-parietal 
cortex and hippoeampus, excepted in a very restrict zone of the pyramidal band. 

In the severely affected areas a large number of neurons and oligodendroeytes 
were infected by the HSV showing numerous virus particles within the nucleus. 
Astroeytes were also infected but virus were not detected in the vessels neither 
in the endothelial cells nor in the perieytes. In  these areas, zones of necrosis with 
dilated extraeellular space, degenerating neurons, swollen astrocytes and blood 
vessels exhibiting pale and swollen pericytes, were frequently observed. In  the 
neighbourhood of these necrotic zones monoeytes included in/or adjacent to the 
vessel walls were frequent. 

17" 
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:Fig. 6. (a) Blood capillary in the hippocampus (8 hrs after inoculation with undiluted HSV 
suspension). The cytoplasm of the endothelial cell is enlarged and contains numerous organites. 
X 11500. (b) Venule in the hippocampus (8 hrs after inoculation with undiluted HSV suspen- 
sion). Numerous digitations of the endothelial cells project into the lumen of the vessel. The 
outline of the pericytes is very sinuous. The neuropil surrounding the vessel did not show 

any change. X 10000 

Virus particles and  infi l t rat ion of the vessel walls by hematogenous cells were 
no t  observed nei ther  in  the fronto-parietal  cortex nor  in the great par t  of the 

hippoeampus.  
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The ultrastructural  s tudy of the central nervous system of the five control 
mice did not show proliferation of microglial cells and the blood vessels did not 
exhibit any alteration. Occasionally the arterioles showed prominences of the 
endothelium into the lumen but they never reached neither the extent nor the 
number of the endothelial projections observed in mice inoculated with ttSV. 

Group 2. Mice inoculated with 105"5LD50 t ISV (0.01 ml of undiluted virus 
stock suspension). 

Six hrs after inoculation the central nervous system did not show any change 
and at  8 hrs the nervous tissue appeared yet  generally well preserved: only a slight 
swelling of some glio-vascular end-feet was present in the spinal cord, olfactory 
bulb and the hippocampus. Virions were not seen in any of the regions studied 
at  8 hrs after inoculation. Nevertheless striking changes of the vessels were already 
observed in this group of mice at 8 hrs after inoculation. These changes were 
similar to those seen 4- -5  days after inoculation with the diluted virus suspension. 
They consisted of: 1) enlargement of the capillary endothelium (Fig. 6a); 2) pres- 
ence of numerous flaps projecting into the lumen of the capillaries and venules 
(Fig. 6b); 3) prominent folding of the inner plasma membrane of the arterioles. 
Reactive microglia was also present at  8 hrs and monocytes included in the vessel 
walls were occasionally seen. 

After 10 hrs virus particles within the nucleus and cell necrosis were detected 
in the same regions as they were observed in the mice of group 1. The number 
of vessels exhibiting particular changes as well as the reactive microglia were 
strikingly increased. Numerous monocytes included in the vessel walls were ob- 
served around the necrotic zones. 

Group 3. Mice inoculated with 105.5LD50 HSV irradiated by U.V. light. 

The ultrastructural  s tudy of samples taken at  different t ime intervals after the 
inoculation did not show changes neither in the nervous tissue nor in the vessels. 
Reactive microglia was not observed in this group. 

The direct assay of anti-sera indices in mice inoculated with U.V. irradiated 
virus demonstrated the presence of neutralizing antibodies in the serum. 

75 ~ of mice intracerebrally injected with 100 LDs0 t tSV 1 month after the 
intraperitoneal injection of U.V. irradiated virus were alive 3 weeks after the 
intracerebral inoculation; on the contrary all of the animals of the control group 
in this experiment died within 6 days. 

Discussion 

This s tudy demonstrated particular vascular changes and proliferation of 
reactive microglia during experimental herpes simplex encephalitis. The wide 
diffusion of these vascular and microglial modifications was in contrast with the 
limited spread of cytopathic effect of the virus. The areas in which I-ISV replication 
was detected were similar to those described by Yamamoto  et al. (1968) during 
the herpetic infection in 3 weeks old mice. The precocity of the diffused vascular 
and microglial changes was dependent on the amount  of virus inoculated in the 
brain. These changes were absent when U.V. irradiated viral sead was employed. 
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The great number of reactive microgliM cells seen in our material may be 
related to the increased inosine-diphosphatase activity in the glial cells referred 
to by Farkas-Bargeton et al. (1975) in a similar model of HSV encephalitis. The 
origin of this reactive microglia which was present both in the damaged and 
preserved areas was impossible to determinate in the present study. However, 
the frequence of mononuclear cells included in the wall of the vessels or lying 
close to them in the altered zones suggests an hematogenous origin of reactive 
mieroglia in these regions (Adrian and Walker, 1962; Konigsmark and Sidman, 
1963; Blackmore, 1969; and Kitamura et al., 1972). In the preserved areas, in 
which passage of monocytes throughout the vessels was not detected, an indigenous 
origin of the reactive microglia appears as more probable (Vaughn and Peters, 
1968; Vaughn, 1969; Privat  and Leblond, 1972; and Davidoff, 1973). 

The particular vascular changes observed in this study may be correlated with 
the diffused modifications of alkaline phosphatase activity in the vessel walls 
described by Farkas-Bargcton et al. (1975). Regarding the origin of these changes, 
which were quite different from the degenerating vascular alterations exhibited 
by the blood vessels in the severely damaged zones, several hypothesis may be 
considered. 

A cytopathie effect of the virus appears unlikely since in the experiments 
with undiluted I-ISV suspension these changes were already present 8 hrs after 
inoculation, that  is before the HSV replication had occurred. Moreover we never 
observed virus particles within the nucleus of the endothelial cells and both 
Yamamoto etal .  (1968) and Kristensson and Sourander (1969) based in their 
immunofluorescent studies emphasized the absence of viral antigens in cerebral 
vessels of 3 weeks old infected mice. Likewise an effect of eytolitic products of 
the degenerated neuronal and glial cells is highly improbable since the particular 
modifications of the blood vessels were present in well preserved regions. Further- 
more these alterations were already seen 8 hrs after inoculation in the animals of 
group 2 when the nervous parenchyma did not show any severe alteration. 

The vascular changes are probably not due to neutralizing antibodies induced 
by the virus since similar changes were not observed with U.V. irradiated HSV 
suspension. In fact, irradiation with the U.V. light damages the DNA of the virus, 
preventing therefore its replication, but it does not interfere with its possibility 
to induce neuSralizing antibodies as has been demonstrated. 

Finally from the present study two conclusions can be drawn: ~1) The late 
appearance of particular vascular changes and proliferation of reactive microglia 
in mice inoculated with a low amount of virus and their early presence when the 
animals were inoculated with a t tSV suspension of high titre, indicate that  those 
changes were dependent of the amount of virus present in the nervous paren- 
chyma. 2) The absence of these modifications in mice inoculated with U.V. 
inactivated virus suggests that  they may be atributed to the synthesis of antigens 
governed by the viral genome. These antigens will be probably non-structural 
antigens early produced during the cycle of virus replication. 
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