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Abstract:
The experiments reported in this paper were designed to demonstrate the nature of long term
herpesvirus infections and to clarify their mode of activation.

Rabbits were inoculated intramuscularly and intradermally with several herpes simplex virus strains.
Paralysis developed in about 70% of the rabbits. Some weeks or months later, injections of adrenalin
increased the severity of paralysis in paralyzed rabbits and stimulated paralysis in symptomless rabbits
that received the virus but had not developed a clinical reaction initially.

Virus could not be isolated from the central nervous systems of these rabbits. This experiment
illustrates that herpes simplex strains inoculated extraneurally are almost always capable of
establishing a clinical or subclinical long term infection of the central nervous system. The mode of
adrenalin activation of paralysis is not known though an attempt was made to clarify the problem.

Prolonged treatment of 9 paralyzed rabbits several months after viral inoculation with predef 2X R
precipitated a fatal herpes myelitis in 1 of the 9 rabbits. Virus was isolated from the central nervous
system of this rabbit. The circumstances involving the activation of this long term infection strongly
indicated that herpes simplex virus can cause chronic latent infections in rabbits.

Attempts to activate long term herpes simplex and equine herpesvirus type I infections in mice with
adrenalin and cortisone injections were unsuccessful.
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ABSTRACT

The experiments reported in this paper were designed to demon-
strate the nature of long term herpesvirus infections and to clarify
their mode of activation.

Rabbits were inoculated intramuscularly and intradermally
with several herpes simplex virus strains. Paralysis developed in
about 70% of the rabbits. Some weeks or months later, injections
of adrenalin increased the severity of paralysis in paralyzed rab-
bits and stimulated paralysis in symptomless rabbits that received
the virus but had not developed a clinical reaction 1n1t1a11y
Virus could not be isolated from the central nervous systems of
these rabbits. This experiment illustrates that herpes simplex
strains inoculated extraneurally are almost always capable of
establishing a clinical or subclinical long term infection of
the central nervous system. The mode of adrenalin activation
of paralysis is not known though an attempt was made to clarify
the problem. '

Prolonged treatment of 9 paralyzed rabbits several months
after viral inoculation with predef 2 precipitated a fatal herpes
myelitis in L of the 9 rabbits. Virus was isolated from the central
nervous system of this rabbit. The circumstances involving the
activation of this long term infection strongly, indicated that
herpes simplex virus can cause chronic latent infections in
rabbits. '

Attempts to activate long term herpes 31mplex and equine
herpesvirus type I infections in mice with adrenalin and corti-
sone injections were unsuccessful.




INTRODUCTION

The herpes virus group may be defingd as the colléction of
virﬁses that possess an icosahedral shaped capsid, formed By 162
subunits ér pépsomefes. The capsids are usuélly surréunded by a
loose oﬁter envelope originating from one of the host cell mém-
branes. Tﬁo further criterig that perhaps should be added are

(1) the genome consists of debxyribonucleic acid and (2) viral re-

production takes place within the host nucleus. The latter charac-

teristic is morpliologically defined by intranuclear inclusions in

y [

infected cells.

i

The viruses that are included in the herpes virus group are shown .

in Table I under the name of their natural.host, altﬁough some_of
those listed have yet to be’'shown to fulfill aii’tbree cri£eria.

The clinical effegts produced by the herpesvirus"groﬁp vary
from minor skin eruptioﬁs to fatal infections of the central ner-
vous system, as shown on Table II, The mést intriguing character-
istic of the group is the ability of herpes simplex, varicella/
zoster, and‘the human cytomegaloyiruses, to establish long term
infections (chronic and/or latent*‘infectionsj.“ The precise nature
of the vifﬁs-host relationship during the infection is not_known‘
Various investigators have'SPecuLated that the vi:u;~may enter into
a provirus stéte with Ehe‘host DNA (Plummer, 1967), others have pre-

dicted that the virus lies latent in some cytoplasmic organelle

»

* Latent - virus is present but is not reproducing

N3




TABLE I. - Viruses composing the herpes group listed under the name of their natural host
(Plummer, 1967) o

MAN

MONKEYS

HORSE

BOVINE PIG

Herpes simplex

‘B-virus of rhesus and

‘Equine herpesvirus

Infectious bovine Pseudorabies

. cynamolgus monkeys type 1 " rhinotracheitis virus
Varicella/zoster (rhinopneumonitis virus (IBR) (Aujeszky's
" (chickenpox/ SA8 of vervet monkeys or equine abor- disease
shingles) . . . ' tion.virus) virus or.
Marmoset herpesvirus mad itch
Cytomegalovirus - - g Equine herpesvirus virus)
(salivary gland Cytomegalovirus of type 2 - /
virus) vervet monkeys (IK virus)

CAT DOG GUINEA PIG * MOUSE CHICKEN
Feline rhino- Canine : Infectious
tracheitis virus herpesvirus Cytomegalovirus Cytomegalovirus laryngo-

' tracheitis
virus (ILT)




TABLE IX.

Infections of the Hosts.

i

Comparison of the Clinical Properties of the Herpesv:.ruses During Natural
(Plummer 1967)
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Growth in respira- . - : .
tory tract + o+ + + +?7 + 47+ + + + + 7+ + +
Respiratofy disease| ? ,: ? ? ? ? ? + ? + o+ ? ? ? +
Inclusions in sali- . .
vary glands ? ? + ? ? 7 0+ 72 ? ? ? ? 7+ + ?
Vesicular skin
eruption + 4+ - + ? ? ? - 2. + - -(7) ? - - -(N
Venereal disease + - - ? ? 7 7 ? 77+ ? ? ?2 2 ? +(?7)
Conjunctivitis + - - 7 0? ? ? ? ? + ? ? ? ? ? +
Invasion of foetus | 7 -(7) + ? ? 7 Y o+ T+ o+ 1 7?7 7 N
Abortion =) ? ? T + ? +. -+ ? 707 ? NA
Permanent nonfatal - -
foetal damage ?7 =) + 7 7.7 + ? +(7) +(?) ? ? ? ? NA
Infection of CNS§ |+ + 2 + + 2.2 2 2 -+ 4+ 2 7 1 2 1
Encephalomyelitis |+ -- =()+ 2 2 2 12 T .4+ £ 2 2 7 2 1
Inflammation of .
dorsal nerve root { ? 4+ 7 .2 ? 7 ? ? ? + ? 7?7 ? ?
Chronic latent
infection of:
Nexrve cells , + ? ? ? 7 -7 ? 2 ? ? ? ? ? ? ?
4% .. ! .
Other cells ? +1 ? ? ? ? ? ? ? ? ? 7 2+ M+ 7

% but which is uncertain

NA = not applicable
. v I '




(Paine, 1964) orlthaﬁtthe'virus is continually reproducing in certain
organs (Kaufman, 1967),' The nature of the stimulation of virus back .
info rapid reproduction is unknown. Is the viruslindeéd being stimu-
lated into activity.and subsequently producing the paralysis or is it
a stimu}ation 6f-an autoimmune response that causes ;he paralysis?

Due to thé many similarities tha% exist among viruses of.the
Herpesyirus group (Table II) it would appear tﬁat, if long term infections
can bg.established by herpes simpiex virus, varicella/zoster virus and
human cytomegalovirus, then other memﬁers.of thelgroup may also be
capable of doing the’same.

This thesis will attemﬁt to clarify 3 facets of‘long term herpes-
virus-host relationships; (1) whether the infections are chroenic,
latent or pseudolatent, (2) whether symptom development is due to a
chemical activation of the virus or to tﬁe suppreséiqn of the host
iﬁmune mechanism or to the stimulation of én'autoimmﬁne response, and

(3) whether equine herpesvirus type I can establish a long term in-

fection and, if so, whether the infection can be chemically activated.

A. (Clinical effects g .

The nature of long term infections can best be understood after
reviéwing the clinical effects of several herpesviruses. Table II may
be used as a helpful guide in coﬁparing the clinical effects of these

\

viruses.




1. Herpes simplex

Herpes simplex virus infections are found more fréquently in
children than aﬂulté. The primary infection is uéuaily clintcal.
After the disappearance of the initial symptoms éhe virus may persist
in many, if not all, of the subjects. In most céses this iong term

infection is symptomless, but in some, lesions reappedr due to the

<

activation of virus by fever, sunlight and a vadriety of other stimuli
° . 1} . - :

t al., 1940; Keddie et al., 1941;

—_— —— —_—

(Ormsby and Montgomery, 1948; Warren

—— —

Abraham, 1934; Blum, 1926; Van Rooyen, et al., 1941; Dunbar, 1938;
Schmidt and Rasmussen, 1960; and Good and Campbell, 1948).
_.The -mouth of youﬁg children is the most common site for the

primary infection, wherein the virus causes an acute stomatitis with a

vesicular eruption on the mucous membranes (Scott et al., 1941). TFever

Y

frequéntly accompanies such primary infections of the mouth. Hale et al.

.

(1963) have reported that extreme irritability!may accompany the

stomatitis. This:observation may be interpreteﬁiaé';=frequent sub-
clinical invoiveﬁent of the central nefﬁoué sy%fem:
. o

The circulafing antibody that arises and persiéts after the
stoﬁatitis does ﬂgt prevent the reoccurance oficoyd sorés near the
primary lesion, bLt it doe; confer some degree;of p;otection against
re-iﬁfection of other sites on the body. 1In addition to the mouth,
.the virus can algo establish a keratogonjuncti§ifis of the eye, (Orﬁsky,
'1952); a generalized infection of the neﬁﬁorn with maxked involvement of

the liver, terminéting fatally (eg. Zuelzer and Stulberg, 1957; Bird and

- ’




)

‘Gardner, 1959; Tucke} and Scofield, 1961l: Bird, et al., 1963); infection

of the genital organs (Slavin and Gavett, 1946; Esteves and Pinto, 1952);
ahd, not uncommonly, vesicular eruptions on the epidermis almost any-
where on the body (Stern et al., 1959; Hambrick et al., 1962; Selling

1., 1965; Wheeler and Cabaness, 1965).

and Kibrick,'i964; Dyke et

The strains of herpes simplex virus have been‘divided“into two
subtypes by comparison of cross neutralization feactions (Séhneweis,
1962; Pluﬁmer, 1964). Recently Dowdle and Pauls (in éress) have shown
that this division also.has a cliniégi significance iq'that the sub-
type 2 strains are more commonly asgociated with Ehe veneral form of
thg infecpion and that subtype 1 st;ains are more gommonly associated
with cold sores in the mouth region.

Experimentai inoculation into the skin or muscle of rabbits of
;ubtype 1 and subtype 2 strains of herpes simplex revealed that MS
strain (subt&pe 2) was more neurovirulent than the L, strain (subtype
1) (Plummer and.ﬁackett, 1966). The paralysis produced by the.
neurovirulent MS strain was due to inflammation and démage.of the
corresponding ‘dorsal (sensory) nerve roots, ganglia, and horns. The
affinity fo£ the dorsal nerve rqptsz‘ganglia an& hofﬁs is very simi;ar
to that of wvaricella/zoster during shingles and. of pseudorabies in-
fections 6f cats ané dogs. ‘

2. Varicella/zoster virus

Varicella/zoster virus infections are characterized by extensive

. vesicular lesions of the skin in, the primary‘iﬁfectiop (chickenpox) .




A more generalizéd infection occufs with the néwﬁorn,“and, as with

. A . -
herpes simplex, it terminates fatally. .A common complication of
varicella in adults is pneumonitis (Weinstein and Meade, 1956; Krugman
et al., 1957; Carstairs and Edmond, 1963).

.Infection of the.central nervous system takes the form of inflam-
mation of the dérsal nerve roots and ganglia; ;eéulting in pain and
pruritus accompahied by vésicuiar lesions on tﬁe éreas of skin correspond-
ing to the ganglion or ganglia.that are affecé%d, (Head and Campbeil,

1900). This synarome is referred to as zbster?or shingles.

Until recenﬁly it was felt phat‘chickenpd%hahézshingle§ were
caused by two different agents; put it is now ihought'that zoster is
the manifestatioﬁ of latent vari?ellé virus (W?}ler'and Witton, 1958)
and thus paralleis the 6old sores that are ass;cigted with latent herpes
simplex infectioﬁé. The nature of the varicelia/zo;ter latepcy is not
understood alfhough zoster can be precipitated?by the inoculation of
certain drugs an& arsenicals or by the growth bf'tumors. Due to the
_common association éf these viruses with.the dpgsél ngrves, roots,
and ganglis, the ﬁuestion arises as to whether xhié is the only tissue
in which virus islable\to establish latency?

v

3. Human Cytomegalovirus (salivary'gland virus)

Human cytomegalovirus. appears to cause a generally subclinical

infection in that 50 - 80% of the adult population possesses antibody

without obvious symptoms. The urine of mothers! of children with

‘cytomegalic inclusion disease have often been found to contain virus




<

for several months (Medearis, 1964; Weller and Hanshaw, 1962). These
observations suggest that the infection is of long duration.

4. Equine herpesvirus Type T

Equine herpesvirus type I produces a rhinopneumonitis accémpanied
by fever in young horses, but in older animals the infection ié usually
subclinicélz .When é pregnant mare is infected, the virus may invade
thg fetus and cause abortion (Doll et al.,.1957). The period between‘
the respirétory infection of the pregnant animal and abortion ranges
from i to 4 months, though experimental intravenous ino;ulations
cause abortion in only 4 days (Doll and Bryans, 1962). There is'
extensive viral invasion ofifhe fetus with intranuclear inclusions
~and areés of necrosis particularly noticeablg in thezliver.

The virus multiplies readiiy in<suck1ing hamstérs with marked
involvement of the liver and spleen. The infection ié generally fatal.
(oll et al., 1953). . - 7

The involvement of the liver and spleen is reminiscent of human
cytomegalovirus infections. The ability of ‘equine herpes t&pe I to

establish a long term infection is uncertain:

5. Infectious bovine rhinotracheitis wvirus

Infec?ious bovine rhinotracheitis has many clinical prdpertiés
in common with other herpesvirﬁses (see Tablé iI). It is not clear if
the virus.can cause a long term infection though Spmowden (1964) was
able to récovgr it  from the vagina qf_one cow on two occasions separated

- by 11 months,

~




6. Mouse cytomegalovirus

Mouse cytomegalovirus inoculated intraperitoneally into young
mice will produce death with lesions in the connective tissue, liver,
spleen and adrenal glands. Inoculation of adult mice does not produce
.symptoms.' An infection of long duration in young mice was apparently
obtained by Brodskyﬂand,Rpwe (1958). Eight:days after inoculation,
virus was isolated from mouth swabs and salivary.glands of infected
mice. Inclusion bodies were also seen in the salivéry glands. After
aﬁout 4 months no inclusion bodies were.seen in the salivary glands,
.though'virué could be isolated from these glaﬁds and from mouth swabs

for up to a year after infection.

B. Theories of virus-host relationships

Little is known about the actual vifus-ﬁost relationéhip during
long term infections by the herpesviruses. &here aré 2 sifuations
presently described in th@ 1iterature4§hich define certain virus-host
rélationships as chronic.infections (Raufman, %967) and chronic latent
iﬁfections (Paine, 1964; Plﬁmmer, 1967). in addition to these, the
writer feels;that a third sitﬁation termed pseudolatency may develop
in infected animals, In order to Aiscuss these relationships, a clear
understanding of the terms involved is neces;ary..

Chronic infections are those of long duration, in which the virus

-causes the ‘host to.expresé clinical ‘symptoms. In these casés the virus
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)
is reproducing at é‘sﬁfficient réte to allow virus isolation. Latent
infections are thoée in which virus is present but not reproducing,
and can not be isolatéd. Chronic latency is the persistence of virus
in the latent form for an extendéd-pe;iod of time. Virus in this fo?m
may manifest itself in response to a stimulus. Pseudolatent infections
are th&se in which the vifus is reproducing at such a slow rate that
the host would not exhibit symptoms and virus can not be detected.

1. Chronic and pseudolatent infections

Brieflf? the evidence for chronic infections relates to the obs-
ervations that viruses can be frequently isoléted over a period of time
from the hoét? i.e. herpes simplex virus from rabbits and humans,
hﬁman éytomegalovirus from huﬁans and mouse cytomegalovifus from mice.

Kaufman et al. (1967) have reported fréquent (15%) but not
continuous viral isolétions-from the precorneal tear film of rabbits
:infected.corneally with herpes simplex, during é period 25 to 95 days
post inoculation. The episodes of viral shedding wére only occasionélly
aécompénied by lesions detectable with the slit-lamp ﬁicroscope. They
also_obsérved a similax situation in precorneai{fear film and saliva of
35 human volunteers. From these obéervations Kaufman ‘et al. have sug-
gesteé that chronic vigus multiplicatioﬁ in structures such ag the
lacrimal and salivary glands, réther than latency, may cause recurrent
herpetic.diseasg. |

An analagous study on human cytomegalovirus infections of infants

and their mothers revealed a much higher frequency of virus isolation

-
S
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than Kaufman obtained (Medearis, 1964). - In addition to more frequeﬁt

)

virus isolations Medearis also was able to det;ct the virus in some of
the subjects 33 ﬁcnths after the inditial isolation ésee Table TIT).

Another interesting observation along these lines was that of
Schmidt and Rasmussen (1960). The expérimental procedure entailed 
intramuscular.inoculatign of rabbits with herpes simplex to build up a
protective immunity followed by a subsequent intracerebral inoculation.
Some weeks or months later some of the rabbits were given adrenalin.
Six of 10 rabbits receiving adrenalin died of herpes encephalitis.
Rabbits not recéiving adrenalin did not exhibit any central nervous
system symptoms, but virus could be isolated.from their brains. This
report suggests that in a chronic infection the éeverity of symptoms.
can be increased by adrenalin inoculations.

Perhaps the best evidence for pseudolatent infections was pre-
sented by Ashe and Rizzo (1964) iﬁ their studies on herpes simplex in
rabbits, where they inoculated the virus onto the duét of the sub-
maxillary gland. Virus was frequently isolatedﬂfrom Fhe saliva of
some animals up to 43 days after inoculation, but afterwards no virus
ﬁas isolated ndr was, there histological evidence of the virus. The
.fluctuation of the titewrs of mneutralizing antibody however, inéicated
Viral‘activity was continuing in some of thg fabbits. The réliaﬁility
of neutralizing‘antibody as an indicator of viral activity was apparently
supported by .their observation thaé, when ultraviolet inactivated herpes

simplex was injected into rabbits, the meutralizing antibody that arises




TABLE IIT. -

Medearis, 1964)

Throat Swabs

Urine Specimens

Isolation of Cytomegalovirus from Throat Swabs and Urine Spec1mens (Adapted from

Number of

Number of

.L .L

10 morths

positive Percentage  positive Percentage
infants or Maximum positive infants or Maximum positive - |
mothers/ duration of total mothers/ duration. of total ™
number of . of number of number of of number of
subjects excretion  samples subjects excretion  samples

Infants with ) .

neonatal disease - 6/7 17 months 40 6/6 _ 33 months 87

" Their mothers 6/7 10 'months 17 5/7 53
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failed to persist for more than 4 to 5 weeks.

An intefestiné'sidelight of Ashe and Rizzo's work Was'the iso~
lation of herpes simplex from the saliva of 2 rabbits 747 and 996
days foilowing intraperitoneal inoculétioni

Perdréu (1938) reported that attempts to isolate virus from the
brainslof rabbits with chronic herpes encephalitis were unsuécesgfql
'if the specimens were fresh; but after a month of storage at 4°C in
56% glycerol .solution, these same speéimens were positive. Perdrau
hypotheéized that .this was due to the inacti§ation Qf:some immune

component of the brain during the storage period.

2. latent and chronic latent infections

The evidence fof.the latent infection the;;y is based primarily
upon negative :esﬁlts.: if virus is latent in a provi;us'state it could
not be isolated as the Qirus would be non-infectious (Lwoff et al.,
1959; Paine,1964). The possibility of the viral DNA attaching itself
to the hos£ DNA-does not appear unreasonable as a similar situation
exists with certain bacteriophages, (Adams, 1959)., The guanine/cytosine
(G/C) content of the nucleic acid has been me;sured for several of the
. herpesviruses (Russgll and érawford,l964; Crawford and Lee, 1964). The
G/C content igihigh (about 70 moles per 100 moles nucleic acid) for "5
"herpes simplex, pseudorabies, aﬁd infectious bovine rhinotracheitis, but -
"ﬁér.the two hoxrse vixuses aﬁd'for humén cytémegalovi;us it is signifi-
cantly lower (anut 56 moles pe? 100 moles nucleic a;id);’ A possible

explanation for this difference would be the incorporation of large

‘
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v

portioné of host cell DNA (which has a low'G/C content) into theif'
genomes, Thisiwould be defiqitely suggestive of human cytomegalovirus
,DﬁA " ﬁoét DNA attachment, thus supporting the provirus theory of
latency (Plummer, 1967). | |

The evidence in favor 6f completely latent infections is
,unsatisf;ctory, in that neutralizing antibody titerg ﬁere not observed

nor were sufficient numbers .of viral isolations'attempted (Ormsby

and Montgomery, 1948; Warfen'gg al.,1940; Keddie et al., 1941; Abraham,
1934; Blum, 19263 Van Rooyen, et al., 1941; DunL%t, 19383 ééhmidt
and Rasmussen, 1960; and Good and Campbell, 1948). Tﬂe aétivgtion of
zoster by tumors, arsenical and drugs as mentioned earlier,-.is howevér
indicative of the activation of a.latent infection. The common reoccuf-
rence of cold sores due: to non-specific stimuli is also indicative of the
activation of a latent infeqtion.

The work of Schmidt and Rasmussen (1960).may also be interpreted
in a some %hat.different light then tha£ meptioned‘earlier: fhat is,
vifuses that were inoculatéd inﬁfacepebrally lie 1atent-as an infectious
-particles in the cytoplasm of brain cellsl The subsequent injection
of adrenalin then somehow stiﬁulates the viruses "into active reﬁroduétion.
This alternate mechanism of 1aténcy would explain why virus could be
isolated from rabbits not receiving adrenaliﬁ.~ |

The isolation of infectious~bovine rhinbtﬁacheitis virus from fhé.
vagina of a cow on two occésions separgteﬁ bf 11 moﬁths, and the 1 to

4 month delay from‘respixqtory'infection.to‘abortion with equine herpes
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type I in pregnant horses, represent two; of many cases where the study
was not extensive.enough to determine the approximate nature of the

long term virus-host relationship.

3. Long term infection in tissue culture

To what degree the observations on persistant infections '"in vitro"
can be applied to "in vivo'" infections is uncertain, but there are
suggestive analogies which support and clarify some of the speculations
‘made in the preceeding sections. In tissue culture, the standard
technique used to prpduce'a chronic infection is to add neutralizing
antibody to the medium (Wheeler, 1960).- The effect of changing tissue
metabolism on the establishment and reactivation of a latent infection
‘was presented by Pelmont and Morgaﬁ (1959). The;e authors showed thaf,
when HeLa cells werée placed in a nutritionally deficient medium,
infection with herpesvirus did not result in the expected cytopathic
_effect, nor céuld virus be isolated by passage to fresh cells (1ateng
ihfection). If, however, the missing nutrients were"restéred to the
infectgd culture, after several passages in theﬁ&eficient medium, the
virus became defectabie and caused the charactéfistic cytopathic effect.
| Another meéhanism contributingjto the development of cellular
resistance to destruction by herpes simplex is the production of inter-
feron. 1In 1962 Barski and Cormefert reported that when a low cancer line.
of mouse cells (Nz) was infecteq with polyoma virus, a latent infection

was regularly produced and that these cells resisted further infection

both by polyoma and herpesviruses. This they attriButed to ‘the
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production of a Qirus—inhibiting substance-similar to interferon.

Glasgow and Habe1:(1963) descriﬁed a eontinuod% Line of mouse embryo
cells, chronically infec;ed with polyoma virus?(carrier culture 23-P),
which partially resisted challenge by he;pes simpleii After infection
with, herpes simpléx at low multiplicity, an inébmplete cytopathic éffect
resulted and cellg "grew out', leading to a dogble c¢arrier culture that
elaborated both pblyoma and herpes simplex and?was“resiétant_to reinfec-
tion by either vifus. The equilibrium between.the g?owth of the

viruses and tﬁe resistance was unstable, 'so thét when the culture was
."cured”lof it's polyoma infection, it was immeéiately destroyed by

the herpes simplex. It was suggested thét polyoma and, herpesviruses were
weak producers of:éndogenous interférons so that re;istance was only
.achieved by the additive effect of both viruses. A herpesvirus carrier
culture could be producéd in polyoma-éree suséeptible cells by adding
sufficient exogenous interferons. In rabbits, if ultréviblet—irradiated
influenza (Lee) virus was applied to one eye within 24 hours after infect-
ing both corneas with herpes simplex, and reapplied 4 times daily for

4 days, the lesion of the (Lee) virus treated.;ye was much less marked
than in the untreated eye. This was presumably the result of the activity
of interferon produced by fhe cells infected with the attenuaﬁed

influenza virus (Tommilia and Penttinen, 1962).
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C. Methods of activating long term infections

. Thére have been numerous reports in thelpést concerning  factors ;
which activate herpes infections. A list of‘factoré which activate long
term infections include: febrile diseases, artifical fever therapy,
menstruaﬁidn, vaccine administration, emotional’stresé, trauma, severé
sunburn, ultraviolet light, allergic étages, chemical ‘irritants,
secéndary dentition, cﬁitus, trichlorethylene anesthesia, diéestive-

disturbances, adrenalin and anaphylactic shock (Ormsby and Montgomery,

1., 1941; Abraham, 1934; Blum, 1926}

1948; Warren et al., 19405 Keddie et
Van Rooyen, et él., 1941; Dunbar, 1938; Schmidt and Rasmussen, 1960; and
Good and Cémpbell, 1948). Only a few of these Eave been adequately
documented. |

Schﬁidt and Rasmussen (1960) used rabbits with chronically'infécted
_brains‘to test éeverai chemicals, to.detéfmine whether they could activate
the infection in rabbits. The ;hemicgls tested ;ﬁcluded suprarenin (a
synthet;p adrénalin), pyromen (albacterial pyrogen), hydrdcortisone'
acetate (an imﬁunosuppressive drug), giu£athibne (a reducing agent), and
sterile saline. =

The chemicals were injected -over a‘relatiéely short period of time
(1 to 6 days depending upon the chemical). The activation of the virus,
manifested as symptoms of the centralrnervous system prior to death and
the isolation of relatively high virué titers from the'brain, occured

in 6 to 10 rabbits receiving adrenalin 24 to 160 days after intracerebral
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inoculation.

Good and-CampBell (1948) were also ablé to activate a latent
herbetic encephalitis in guinea pigs by anaphylatic shock.

- The immunosuppressive drugs, hydrocortisonefacetate and
methotrexate when inoculated over an extended-period into mice infected -
with mouse cytomegalovirus, promoted more extensive tissue damage and
increased the titer of recoverable virus,(Medeéris,ll964; Henson, 1967).
The mode of cortisone action tp enhance virai infections is relatively
unknown, because of the di&ersity of éfféctg it produces within the'
body. It has been shown that cortisone ﬁas an inhibitory effect on the
production of ipterferoﬁ in embryonated eggs, in a continuous line
of rat embryo cells, and in chick embryo cells in tissue culture,

(Kilbourne et all, 1961; Demaeyer and DeMaeyer, 1963; and Reinicke, 1965).

v

The suppression of interferon production may simply be a manifestation of

‘ -
cortisone's ability to stimulate or inhibit RNA and protein synthesis

o
PN

"in vivo", depending on the organ considered. ' The liver is an example
of a tissue in which RNA and protein synthesis are stimulated, while in
. . |

the thymus and lymph nodes, they are ighibitédi(Tremolieres'gg al., 19543

t alf, 1962; Feigelson and Feigelsén, 1963; Pena, et al., 1964;

Feigelson,
Kidson, 1965). ' ¥
It would seem quite likely in view of the!action of cortisone against

the immune mechanism that its use in a chronic or pseudolatent infection,

would upset the balance between the virus' invasiveness and the host's

immune mechanism,. thus giving the virus an advantage (Goodman and Gilman, ,

&,
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1955;'Médearis, 1964 Heﬁson, 1967).'"In truly laten£ infections ehe use
of corFisoné would pfesumably have no effect.

An alternati&e theorf to viral activation is an autoimmune responée.:
h This tﬁeory is supportéd by Nagler's report in 1944 of the development.
of a tuberculin-like skin test in recévered'paqients who were inoculated :
‘intradermally with heat killed herpes simplei. This Eypersensitivity has
also been confirmed by Brown (1953) in'guinea pigs. Since then, Tokumaru:
k1963) has separated the heat killed virus into 3 fractions by diethyla-

' . ,

minoethyl (DEAE) —'Seﬁhadex‘column chromatrography. One fraction,
eluted in 0.11 m NaCl, had a high sensitizing abilityubué a low
complement fixing-ability;.another, eluted in 0.27 m NaCl, had a hiéh
comﬁlemént fixiﬁg activify and high sensitizing ability. The viral
antigen, eluﬁed in 0.35 m NaCl, had little-sensitizing ability but a
high complement fixing activity. Ig may be inferred from this report
that the gntigenic fraction responsible for ghe delayed type hyper-
éeﬁsifivity is not the wvirus speeific antigen but may be a group qucificﬁ
éntigen.or possibiy a new.viral induced host‘cell antigen. Roane and L e
" Roizman (1964) have demonstrated that herpes‘simplek-infeéted cells.&é
-indeéd have a new host antigen induced by the vifus, present on their
cytoplasmic membranes, | . )

The hlstologlcal picture of delayed type hypersens1t1v1ty reactions
showed a dense collectlon of cells, consisting. in the main of perlvascular '

masses of mononuclear cells (i.e, m@gyophages and 1ymphocy;es) (Humphrey'

and White, 1964), It is inteyesting that this description fits HEad and
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Campbell's (1900) obsérvations on zoster. ‘It should also be .pointed
out that delayed-type hypersensitivity reactions do not exhibit a
readily.demonstréble relation to circulation ;ntibody (i.e. iﬁ is
usually associated with a del; fixéd antibody).

With évidence for the presence of a new cell antigen induced by
herpes simplex and the ability of heat killed herpes simplex virus to
cause a delayed-type hypérgensitivity reaction in mind, it seems likely
that the lessions observéd in herpetic’ infections may have an, auto-
immuné etiology.

" One of the theories for adrenalin activation fits nicely into

" the autoimmune theory. It has long been established that small amounts

of adrenalin serve to contract blood vessels. When large doses are
applied, the contraction is more dramatic and damages the vessel walls

causing a later dilation resulting in hemorrhage, thus allowing white

" blood cells and antibody access to central nervous system tissues (Good-

man and Gilman, 1955). This break down of the blood brain barrier would

expose hither to unexposed antigens to the immune mechanism, and thus

*

precipitate an autoimmune disorder.’
Apother theory of adrenalin activation would be that of a direct
chemical stimulation of latent viruses. Yet another theory was

proposed by Schmidt and Rasmussen (1960). Thils theory suggests that

the vasoconstrictive activity of adrenalin creates a reducing environ-

ment by impeding the flow of oxygen to the tissues. Perdreau (1931)

had shown earlier that herpes simplex which was inactivated in an
{
\ i i
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oxidizing environment could be reactivated in a reducing environment,

D. Purpose

The pu;ﬁose of the work done in this thesis was to determine the
ﬁatﬁre of long term hexpes virus-host relatioﬁships aﬁd the subsequent .
activation.of clinical symptoms with adrenalin and immunbsuppressive
drﬁgs. ‘The prébiem was appr&ached by inoculating adrenalin and. |
- immunosuppres$ive drugs into rabbits and mice that had been previously

inoculated extraneurally with one of several herpesviruses.

.




METHODS AND MATERIALS

Virusés - The MS strain of herpes simplex subtype 2 was isolated
by Dr._M. Gﬁdnédottir of the University of Iceland from the céntral
nervous system of a patient suffering from multiple sclerosis. Since
that time, the virus has begn passed fourteen times in rabbit kidney
tissue cpltures, and at present, yiel&s a tifer,of 3'?vL°glO PFU/ML in
‘rabbit kidney tissue culture, The L2 strainéof herpeé simplex subtype
1 and the US strain of herpes simplex subtype 2 were isolated in Russia
(Shubladze, Maevékaya, Ananov and Volkeva, 1960). The number of passages
‘ A
performed in tissue cﬁlturelis unknown. For these studies the virus
st&cks of L2 and US were grown in rabbit kidney tissué cﬁltu:e and had
titers of 6,0 and 3.9 Laglo PFU/ML respectively. The equine herpes;
virus t&pe'l wag isolated by Doll, Bryans, Mcbullum and Crowe'(1947).‘
Neither the number of passagés performed in tissue culture mor the
passages performed in live hamsters aée known. .The virus stock was
grown in ggbbit kidney tissue culture and had a titer of 6.0 Log, ?FU/
ML in raBbit kidney tissue culture,
Animals - The rabbits used in this work were obtained from rabbitriés "
" surrounding Bozeman and possess varied pedigrees. The adult rabbits
weighed from 2.5 to 4.5 kilograms. Rabbits of either sex were used.
The mice were all of the éwiss Manor strgiﬁ and were originally
obtained from the Manor farms Statsburg, N.f. in 1964, ihe hamsters were

classified as Goldenm Syrian hamsters. - -

Inoculation of virus, adreng}ip and predef 2§;>intqiyabbiﬁs - .The

inoculation of virus into the muscle or skin is described in the results.
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Adrenalin (1/1000- solution, Parke, Davis and Co.j was administered
subcutaneously, 2.5 or 3.0 mg per animal; given as 5 inoculations of
0.5 ml, or as 3 inoculations of 1.0 ml, each injectioﬁ wés separated
by 3 hours. The areas of the body used for thése inoculations were
the nuchal region or the legs, though never the left back leg which
was the site of virus inoculation. P?eaef ééED(Z mg per cc, Upjohn)

" was inoculated intraperitoneally, 2 ml per animal and given every day
for the first We;k, then every other day for 3 months. The drinking
water of rabbits receiving predef Zﬁgbcontaineé éither 300 units/ml
~of penicillin, streptomyéin orlO.2 mg/ml of térramycin (Pfizer) to

prevent bacterial infections.

i
1

Inoculation of virus, adrenalin, and hydro~-cortisone acetate into

mice and hamsters - The inoculation of the vagious viruses intra-
muscuiarly, intraperitoneally, inéracerebraliy;and subcutanéously is
described in the.results. Adrenalin (1/1000.591ution, ?arke,‘ngis and'
Co.) was adminisééred subcutaneously in doses kanging from 1 mg to 3 mg
per animal, given as 2 to 3 inoculations each separated by 4 hours. _All
,injections Were(administéred subcutaneously at?the nuchal region. Hydro-
cortisoﬁe acetate,(S'mg/mi, Wolins) was inoculatéd iﬁtraperioneally‘ .02
ml/gram of body weight, and given every day fo% the ffrst week and every
3rd day thereafte}. The drinking water of théée animals was supplemented
with either penicillin; streptomycina1o¥'terramycin as éreviously

&

described for the rabbits. .

&,
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Methods for the isolation of virus from tissues of rabbits - The

lower parts of the spines and the proximal parts of the spinal nerves
were aseptically removed from freshly chlorofo?med rabbits, and

approximately 20% suspensions were made in sterile physiological saline

. | -2
using Tenbrock grinders. Volumes of 0.1 ml of undiluted, 10 and 10

.dilutions were inoculated into petri dish cultures of rabbit kidney

tissues. The medium was changed 24 hoursblater. The cultures were '
observed for cytbpathic effect for one week. &he remgining undiluted
suspenéion was st;red at 4°C in a 50% glycerol solution for one month.

At this time it was inoculated again on to cultures of:rabbit kidney
tissue and embryonic mouse tissqe cglture, and the above preceedure was
repeated. The tissue cﬁltures were initiated in 199 medium, plus 10%
lamb serum, .20% sodium bicarbonate 100 units of -penicellin, streptomycin,
and 100 units of mycostatin, and maintained with the above medium with

5% lamb serum and .22% sodium bicarbonate.

Method for the isolation of virus from mice and hamsters - Brain,

liver, lung, and salivary.gland specimens were aseptically removed from
either freshly chloroformed animals or animalé that had just died. The
tissues were minced. finely in 1 ml qf sterile saline with surgical sc¢issors.
Urine and blood specimens were also:obtained and diluted 1:10 in sterile
physiological saline. A yolume,pf'O.Z ml of the resultant suspensions

were inoculated into petri dish cultures of rabbit kidney'tiSSue. Th;
medium was changed 24 hours'latq?. The éultures were observed for a

cytopathic effect for 9 days.
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Serum neutralization tests - Doubling dilutions of rabbit serum

were incubated for 1% hrs at 37°C with 50 PFU/0.2 ml of virus in each
dilution. :The mixture was then inoculated into petri.dish cultures of
rabbit kidney cells and a methocel/199 medium overlay was applied

to facilitate plaquing.

Histopathology -'Rabbits were perfused with approximately 300 ml of
a 10% formaldehyde 1% acetic acid fixative. Sections of ﬁhe spinal cord
were then removed and allowed to fix 48 hrs in the formaldehyde/gcetic
acid solutién, Bréin; liver, salivary glands énﬁ kidney.specimens from
micé andlhamsté¥s wexre also fixed for at least 48 hours in the form--
aldehyde/acetic. acid solution. - The fixed specimeﬁs were dehydrated in
graduated solutions of alcohol and xylene, mounted in paraffin and'

sectioned to 6u on a Spencer Model 820 microtome. The sections were

' stained with hematoxylin/eosin or thionine.
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1
1 .

The results of this work are divided into.tw6 parts. The first
part contains the results of studies on long t;rm infections with
herpeas simpiex sﬁrains and the activatioﬁ of.these infegtions. Tﬁe
second part consists of attempts to establish iéng'term infection; with
equine hérpésyir;s type I, and a_descﬁiption of the .pathogenesis of

1

this virus in mice and hamsters.

. I. Results' of herpes simplex strains in rabbits °and mice

A.' Rabbits

@

1. Paralysis of rabbits with different strains of herpes simplex

- The subtype 2 herpes simﬁlex étFains‘MS and Us Were-inoculated
intramuscularly into the femoral region of the left back leg (0. 5 ml
per animal) of 6 and 10 adult rabbits respectlvely Paralysis of
that leg developed in 5 of the 6 MS inoculated rabbits and 7 of the
10 US inoculated rabbits. The paralysi§ became evident 8 to 15 days
after inoculatioﬁ. The'paralysié seemed to be gf the spastic type and
varied in severity from slight to almost total. Imn the more severely par-
alyzed animals there was considerable loss of sensation in the paralyzed

limb. .
R

The MS virus was introduced,into, the shaven skin of the lower
femoral region of the 1eftiback leg of 18 rabbits by scratching a drop
"of virus suspension into the skin. Ten developed paralysis between 13

and 33 days (two of these failed to $how the paralysis until 30 and 33
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days) .

Ten rabbits (8 weeks of age) were inoculated intramuscularly with
0.5 ml of the L2 virus. Nine of the .10 developed spaétic type | |
paralysis (with one proceeding to encephalitis and death) between 7
~and 17 days. Five of the 10 rabbits inoculated into the skin also
developed a paralysis; The severity of the paralysis varied over the_ .
éame range as with the MS wirus. |
| MS virus was isolated‘from the lower spinaltcord,and nerve roots
of 5 additionai.animals that had been'paralyzea.Z to 4 days as a result
of intramuscular inotulation of MS virus,

About 62% of the paralyzed rabbits regained.somg of the lost
fungtion-of the leg during the weeks subsequent to ‘the paralysis.

2. Response of rabbits to inoculation with adrenalin

Adrenalin.was_inéculated (into both parglyzed and non-paralyzed:
rabbifs) in 5 injections of 0.5 ml, 8 weeks to 18 weeks following the’
inoculaéion of éither MS wvirus or Li virus b& the intramuscular or.the
skin routeé {Table 1IV). The number of'animals shown.in,the first two
columns does not necessarily correSpona to the numbers -indicated iﬁ the
early part of the "results" as some were killed for hiétélogical
examination).. A notable observation was that the.paralysis in all
But l of 24 animals paralyzeddby eitHerIMS or L2 bécame worse. Ihose
fabbits that had regained Qome of the 1o§t movement of the leg develdped
a more severe paralysis than they origina}ly had., Eleven of 12 animals

that had not previously shown clinical symptoms deveioped paralysis of

b




TABLE IV. - - The paralysis of rabbits due to the inoculation of herpes simplex viruses (MS and
- L2) and the subsequent increase in paralysis due to the inoculation of adrenalin.

MS virus inoculated L2 virus inoculateﬁ

intramuscularly  into the skin intramuscularly into the skin totals
Number of animals .
inoculated - 5 : ' 14 9 8 36
Number developing
primary paralysis- 4 8 - 8 T 4 : ‘24
Number of days between - o : -
the inoculation of -
virus and the -
inoculation of ) _ . _ ’ )
adrenalin 128 o 86 _ : 56 36 326
Number of animals ’ - ) S . — ;f
paralyzed after the ’ N N )
inoculation of ) - * iz . . .
adrenalin \ ) 5 13 : 9 T 8 . 35

8z

2
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the left béck lég after receiving adrenalin. The time takeg for the
increase in paralysis to become apparent.aftek adfenalin inoculations
was 8 to 14 days. None of the anima}é died or becamelenéephalitic,'
though two of them seemed to show slightlparglftic involvement of fhe
right back leg. |

Six M5 and 5 12 rabbits wefe sacfificed in an attempt to isolate
virus from their lower cords and nerve roots but no infective virus

was detected from either fresh specimens or from ones that had been

o ‘ .
stored at 4 C in 50% glycerol. This was in marked contrast to the

ease of isolation at the time of primary paralysis. However, at the
. . : . i- .

- time of the isolation attempts (i.eﬁ,shortly after the development
' 1

paralysis stimulatéd'by the'adrenal%n) 58% of the MS rabbits and 75%

3

of the L2 rabbits had neutralizing antibody at. a serum dilution of

1:8, whereas none of the 5 rabbits from whithvirus was isolated at

Y

the time of the brimary paralysis hqd-detectéblé neﬁtralizing antibody

at a serum dilution of 1:4.
The successful stimulation of paralysis by the .first series of
Iadrenai;p injections raised the question as to?What would hapﬁen to

rabbits receivihg_additional injections of adrenalin. When, 9 paralyzed
rabbits were given.adrenalin as ‘three injections of 1°ml three weeks .

after the first adrenalin,inject;onﬁb none of the rabbits exhibited
a significant increase in paralysis., ., * 0

In an attempt to clarify the mode of action of the adrenalin,

11 adult rabbits were inoculated intramusculaxly into the femoral
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i

region of the left backlleg with the MS wvirus (0:5 ml per animal). After
12 days none of the rabbits were paralyzed. At 13 days following
inoculation adrenalin was inoculated as 3 injections &f 1 ml. Paralysis
develéped in 4 of ﬁhe 11 rabbits 2 to 7 days after adrenalin treatmenf)
In 2 of the 4, paralysis worsened énd thé ragbits died 9 and 15 days
following treatment with adrenalin. Attempts to isolate virus froﬁ

these 2 ragbits were unsuccessful. None of the rabbits possessed
neutralizing antibody at a serum dilution of 1:4, 13 days after viral
inoculation. At 32 days pdsg inocuéation the‘Bniy rabbits that had

neutralizing antibody (1:8 and 1:16 serum dilutions) were the 2

>
1

surviving paralyéed rabbits.

3. Response of rabbits to hypersensitivity tests

A test .to determine if these rabbits Weréihypersensitive'to MS
virus or.to nervous tissue was perfq?med on 6 ?ébbits, 2 of which were-
paralyzed. ' The fabbits were shaved 43 days post inbculation.and .02 ml -
of homologus virus and rébbit spinal cord suspgnsions Wére inoculated
intradermally intg 2 sites oﬁ the backs of thege‘rabbits. Noné of the‘
animals develbped the characteristic signs of é delayed type hyper-

i

sensitivity reaction.

i

4, Control measures o S .o
Ten rabbits hot receiviﬁg virus‘ﬁere given 3 injections of 1.0 ml
of adrenalin to determine if adrenalin by itself could induce paralysis.

None of the 10 animals became-paralyéed.
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Preliminary experiments to determine the most successful
stimulating dose of adrenalin have indicated that the larger the
dose the better the stimulation.

5. Response of rabbits to the inoculation of predef 2£:>

Predef 2§;>an immunosuppreésaht, was used_to-tréat 9 paralyzed
rabbits (4 MS and 5 L2). The rabbits at the start of the treatment

were 218 and 176 days post inoculation reépecﬁively, and had

»
]

receéived two series of adrenalin injections. The rabbits were treated

“with the predef 2§g%or 72 days. After 46 days!of the treatment, 1 of

the L2 rabbits showed an increased paralysis éﬁd died on the 47th day.
Virus was isolated from the centrél nervous sy%fem of this rabbit. A
control experimeﬁt to determine the effect of Predef 2§E>on uninoculated

1

rabbits was not performed due to shortage of raﬁbits and Predef 2§§Q

6. 'Histological‘examination 6f paralyzed rabbits

'Histological examinétion of 14 paralyzed %ébbits (10 MS, 1 US and
3 1L2) révealed, ip.each cése, inflammation or ;céring of some of the
- left dorsal ganglia of the lumbar region, with actual -destruction of
some of the nerveibodies. The infiltrated cells taking part in the
reaction were priﬁafily lymphocytes. _In'each of the MS animals and the
Us rabbit, the inflaﬁmation extended’intd the left posﬁerior horn
aﬁd in none of these Wés there‘damage to the anteriér horn. Two of the
animals paraljzed by L2 virus; however, showed inflammation of. the }eft
aﬁterior hérﬁ but not to the do;sal horn (although, as indicated ébove,
’l the sensory ganglié were involved). |
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The histologicallexamination of 6 paralyzed rabbits (4 MS and
2 L2) was done af;er the inoculation of adrenaiin. TH; adrenalin
inoculations had no effect upon the histological findingé as the
mbrphgloéy of the damage done to these rabbits was ideﬁtical with the
nature of the damége seen in rabbits prior to adrenalin tfeatﬁént.

3

B.  Mice

1. Paralysis of mice with the L2 wvirus

The subtype I herpes simplex strain L2 was inoculated intra-
' muscularly'into the 1éft back leg (0.0Svml per animal) of 37 adult
mice and 132 mice 28 days old. None of thé 37 adult mice became
paralyzed but 59 of the 132 youﬁg mice developed a paralysis of
the left back leg 6.to.10 days post.inbculation. In 52 mice, the
paralysis progressed-to other limbs énd terminated fatally. Two
injections af adrenalin (0.1 ml‘per a;imal) were.given subéutaneously
47 days post inoculaeion to 3 permanently paraiyzed mice and 40 mice
receiving the'ﬁirus preQi;usly bgt not becoming paralyzed. None of the
permanently paralyzed aﬁimals‘displayed increaéed paralysis.nor did the
non—paralfged mice b;come paralyzed.

Four permanently paralyzed mice ;nd 11 noﬁ—paralyzed mice were
given h?drocdrtisone actate treatment 83 -days post inoculation.,  After

44 days of the treatment, neither were clinical symptoms manifested nox

was virus isolated from these mjce.
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ITI. Results of-quine herpesvirus type I in mice and hamsters

A. Attempts to establish paralveis in mice with
equine herpesvirus_type T

Equine herpesvirus type I was inoculated intramuscularly into
the left back leg (0.05 ml per animal) of 46 mice that were 4 weeks

0old. The mice had been pretreated with hydrocortisone acetate 1 week

prior to the virus inoculation and the treatment was continued for an

additional ﬁeek. Fourteen of these mice died 1 to 8 days post inocul-

ation. The deaths’ of the.experimental mice were presumably due to

the side_effect of the cortisone since six of 36 control mice on

cortisone treatment also died. None of the mice became paralyzed nor

éould virus be isolated £from théir spinal cords or brains.
Intra;erebral inoculations of equine herpesvirus type I (0.03

ml per animal) into 36 mice 4 weeks .old produced paralysis of both back

1égs,and hyperexcitability in only one mouse 4 days éfter viral

inoculation. The pardlysis progressed in this animal and death ensued

‘one day later. Virus was isolated from the brain of this mouse but

not from the brains of 9 other mice in the same group. An identical

' experiment was performed on 29 other mice that were pretreated with

hydrocortisone acetate one week prior to virus inoculation. Twenty four
of the 29 mice died three:to 10 days post inoculation. Before death
most of the mice exhibited such signs of central nervous systeﬁ involve-

ment as paralysis of the limbs o¥ hyberexcitability. Virus was isolated -
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from the brains of 4 mice from a group of 16 that were cultured.
Results of virus isolation attempts from 10 of the reﬁaining 12

mice wetre mgsked:by bacterial contamination of the tissue eulture.
The bacteria; contamination may have preventgd more positive virus
isolation, or possibly the bacteria were responsible for the symptoms
of centralhnervous system involvement.

Adrenalin (.03 ml per animal) was twice inoculated intramus-

cularly into the right back leg of 21 mice which had been inoculated S

‘intracerebrally with the virus 30 days previously. ©None of the mice

displayed symptoms of central nervous system involvement.

The results of intrécerebraL inoculations of 4 day old mice

: -0 -1 -2 -3 -4 -5
with. .0L ml of 10 , 10 , 10 , 10 , 10 , and 10 dilutions of

equine herpesvirus type I in sterile saline are-éumma;ized on Table V. - '
The minimum number.of_Aays post inoculation uhtil dégth varied from

6 to 8 dafs depending upon the.dilution.' The period of time required

for all the mice given a particular dilution to die.increased with

the increasiﬁg dilution as illustrated in:Figure 1., To establish

the cause of de;th, viral isolations.were perf&rmed on animals that

had died. The lethal dose., for .intracerebral inoculations of 4 day old

50
) ‘ . .33
mice as calculated by Karber equation was 104 %, LDSO/l ml which

converts to 1 LDSb equals 17 PFU. o
. * ]

1
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TABLE V. -~ Mortality among 4 day old mice inoculated intracerabrally
with varying dilutions of equine herpesvirus type I.

Virus dilution : Mortality _ Positive wvirus
' ' isolation from
the brain

10 13/13 3/3
107t o 11/11 2/2
'10'-? " 9/9 o 3/3
| : 1073 ' 3/9 i . :3/3
‘ -4 ' '
o 10 -~ . 0/10 - 0/3
| -5 ' :
10 - , 0/11 o . ND*
" Sterile . '
Saline . ) 0/12_. , - 0/3

(Results expressed as vulgar fractions; numerator = positive viral
isolation, depominator = pumber of animals examined)

*ND - mnot donme.

PN

RS
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The figure depicts the increase in mortality in relation
to time when new born mice are inoculated intracerebrally

with varying dilutions of equine herpesvirus type I and
when inoculated intraperitoneally with undiluted equine

herpesvirus type I.
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B. Pathogenesis of equine herpesvirus type I in mice
' ’ 1

Eéuine herpesvirus type I was inocuiatedfintraperitoneally (0.05
’ml per animal) into 241 mice fromil to 7 daYS:old. Eighty percent of
the mice died begween the 5th and l4th d;y post inocuiation (Figure 1).
Attempts to isolate virus from brain, live?, 1ung,‘sa1ivary glands,
urine and blood épecimens of 8 mice 3 to 5 dayé post inbéulation were |
unsuccessful with the exception of the bréin specimen of one mouse. On
'the,other hand, positive virus isolations were;obtainea from brain
tissues of 9 of 13 mice 6 to 13 days post-injection, but none from the
other specimens. The mice selected for viral isolations were chosen
whenever possible from-animals that appeared éo be in a terminal stage
of infection (i.e. symptoms of central nervous system involvement
such as loss of equilibrium, drowsiness; hunching of the back, etc.).

The brain, liver, lung, salivary glands, urine and blood specimens
in 10 of the 48 mice that survived to the 31lst day. post inoculation were
tested for virus an& their sera checked for ngutrélizing antibody to
equine herpesvirus type I. The specimens of all iO mine were negative
in respect to virus and neutralizing ;ntibody_was not detected at the
1:4 dilution. Sixteen other survivors were pué;on extended hydro-
cortisone acefate treatment from the 72nd to tﬁe 1b4th day post inocul-

ation. Nine of the 16 died during this period but virus could not be

isolated from any of their specimens,.
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1. Attempts to isolate equine herpesvirus type I using the glycerol
| te;hnigue | |
The unsuccessful attempts to isolate vifus from the wvisceral
" specimens of the 1 to 7 day old micé inoculated intraperitoneally
prompted the use of Perdrau's (1938) glycerol isolation method.

- Tissue §§écimens obtained from 8 mice 3 to 5 days post inoculation
and 13 mice 6 ta 13 days post iﬁoculation as described earlier were
placed into 199 medium‘ﬁlus 50% glycerol. After stbrage at 4°C for 1
mﬁnth the specimes were minced and 0.2 ml of the mixture-was placed ﬁpén
embryonic mouse tissue cultures as well as the usual rabbit kidney éissue
cultures. The results of these isolation attempts were identical to
_those obtained without glycerol. .

2. Pathogenesis of equine herpesvirus type I in mice pretreated with

cortisone

Forty five mice were treated with hydrocofkisone‘aceéate from the
’1st to 6th déy of age and then inoculated intraperigoﬁeally with 0.05 ml
of equine herpesvirus £ype I on the 7thvday.‘ All except one.of‘thesé
mice died between the 1lst and the 10th day post'inoculation due to either
the virus.or to the side effects of the cortisbne; The mouse that
survived, reéeived its last cortisone injection:6 days post inoculation.
Virus was isolated from 5.°f 10 livers, 1 of 10 lungs and 1 of 10 urine
specimens'of mice 3 to 5 days post inoculation. Virus iéolation attempts.
from brain, saiivary glands and blood specimens from these mice were

. R
. unsuccessful., Virus was recovered from 5 of 7 brain specimens; but in
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none of the other specimens from the 6th to 8th day post inoculation

group. The results obtained from precortiépniged mice challenged with

equine herpesvirus type I are summarized .on Table VI.

C. Pathogenesis of equine herpesvirus type I in hamsters

IEﬁuine herpesvirus type I was inoculated intraperiténeally
(0.05 ml per animal) into 14 hamsters 10 days old. Thrée days afte?
inocula;ion Qirus isolations were attempted on 4 hamsters that appeareq
to be i1l. The types of tissue and fluid sp%ciﬁés cultured were the
same as those described for the mice. Virus was reeovered from all the
tissues.and fluid specimeﬁs of 3 of the 4 hamsters exéept fhe urine

specimens. Eighty seven percent of the hamsters inoculated died

'

between the 2nd and. 6th days post inoculation.

D. Mouth swab and urine isolations

The results of 18 ﬁouth swabs and 57 urine isolation attempté taken
3_tol32 days post inoculation from non-cortisonized mice aﬁd hamsters
inoculated.intrapéritoneally, intranasally; and subcutaneously in the
neck were ali negative. The urine specimen taken from the surv?vor' of

the 45 cortisone treated mice receiving virus when they were 7 days old - 3
_.was positive 22 days post'iﬁoculation. The only othér positive urine

isolation came from a 3 day post inoculated animal in the same group,

-
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TABLE VI, - The recovery of infective virqé from various tissues and.
fluids of mice pretreated with cortisone and subsequently
challenged at 7 days of age with equine herpesvirus type I.

Specimens

DPI*  (Brain)  -(Liver)
3 0/; - 4/5 |
K +0/5 | 0/3
5 0/2 1/2
6 3/5 .0/5
8 2/2 . 0/2

(Lung) (Saliﬁary)

0/5
0/3
1/2
0/5

0/2

0/5

0/3

0/2.

0/5

0/2

(Urine)

1/5

‘ 0/3

. 0/2

0/5

0/2

(Blood)
/5
0/3
0/2
0/5

0/2

(Results expressed as vulgar fractions; numerator =positive viral

isolation, denominator = number of animals cultured.)

* Days post inoculation.
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E. Control measures

To ascertain that the virﬁses being isolated were indeed

équine herﬁésvirus type I, éeveral of the isolates were mixed with
rabbit_anti-equine herpesvirus type I serum at a final serum dilutioﬁ
.of 1:16. 1In éll cases the viral isoiates were neutralized by this
procedure. To rule out natural inféctions ?f the'mousé colony by equine
herpesvirus type I, the tissue and fluid specimens’oﬁ 12 control mice
varying in age from 2 to 42 days old were culéured for virus onhrabbit
kidney and embryonic mouse tissue culture systems. Alilcultures were
negafive. | o ‘ . p

. Intracerebral inoculations of 0.01 ml of sterile saline were
performed on 4 day old mice to eliminate the poésibility of traumatic
death or sepsis contribuéing to the reéulté, yielded entirely negative

results.

F. Histological examinations of mice and hamsters

Histological examination of brain, 1iver,3kidney and salivary gland
' specimens of all the mice and hamsters that had been used for virus

isolations after receiving equine herpesvirus type I intraperitoneally

. 1

are summarized on Table VII. The specimens were examined for the

presence of (1) eosinophilic intranuclear inclusion bodies and 2)

!

perivascular cuffing or infiltration of 1eucocytes. As seen in Table

VII, only the liver of cortisone twreated mice and non-treatfed hamsters

1




TABLE VII. -~ The results of hlstologlcal examination of mice and hamsters receiving 0.05 ml of equine

. herpesvirus type I intraperitoneally.

" Specimens

Animal treatment DPI* (Brain) . (Liver) (Kidney) (Salivary Glands)
PVC* PVC PVC PVC
or or ~ or or
;CB* INF=* ICB INF ICB INF ICB INF
" Mice inoculated 3-5 0/8 . 1/8 0/8 8/8 0/8  0/8 0/8 0/8
from 1 to 7 days » :
of age. - : . 6-13 0/12 - 7/12 0/12 5/12 0/12 0/12 - 0/12 0/12
. ) - : S
Mice inoculated 3-5 . 0/8  4/8 6/8 8/8° 0/8  0/8 0/8 0/8
at 7 days of age ' S S -
(pretreated with 7 ' T .
cortisone). 6-8 - 0/7 7/7 - 0/7  6/7 o/7 O/1. _ . __0/1_0/7  _ . - .
Ha inocul o ’ : _ AT
msters inoculated 0/4 0/4 0/4 0/41

at 10 days of age. 3 0/4 3/4 3/4' é/4

% DPI - days post inoculation
ICB - inclusion body
PVC perivascular cuffing
INF - infiltration of leucocytes

l
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contained eosinophiiic intranuclear inclusion bodies. ihe liver of the
hamsters contained numerous inclusion bodies'th?oughout, while those
present in the cortisone treated mice were few in.nuﬁber and strictly

‘ confined éo the area of leucocyte infil£ration. The only tissue other
than liver that contained any evidence of virus activity was the brain.
In most of thesé_specimens perivascu}ar cuffing or leucocyte in-
filfrgtion wés,gviéent.: Thé numBer qf inclusion Bodies present in the
liver of cortisone treated mice gradually diminished with an increase

in days post inoculation until there were none present'6 days post

inoculation.




DISCUSSION |

The question of whether or not herpesviruses can reach the central
nervoug system from the skin and establish a long term infection
there is important from a praétical aé well as from an academic pbint of
view. The practical imﬁlications of the problem can be seen from a
conéideration of the.frequent occurrénce of‘herpes simplex infection§
in the human population. If iong'éerm herpes siﬁplex‘infections of ﬁhe
central nervous system are established, and théy are capable of being
activated as suggested by Plummer (1967), then the.use of agents c;pable
of activating the infections shoﬁld.ﬁe contraindidatéd fér patients with
a history of herpes simplex infections.

There. is little question that the MS, US, and L2 strains of herpes
simplex-are almost élways able to reach‘the éeﬁfral nervous ‘system
.;ftér-inoculation into the skin of rabbits. This observation is borne
out by the adrenalin activation of paralysis in 11 of 12 rabbits that
"had received the vifus but did not become paralyzed. The results of
histological examination of the spinal cérds and ganglia of these rabbits
corresponds perfectly with those described in Head and Campbell's (1960)
original clinical account of zoster ganélia,vthey include 1. extfemely
acute i;flamﬁafion wiph the exudation of small round.deeplf stainiﬁg célls,
2. deétruétiop of gaﬂglion cells and fibres, 3. inflammation of tﬁe
sheath of the gahglion, The similarity between.£he éctivation of herpes
simplex induced paralysis’in théée rabbits and the acf?vatién of a

latent varicella virus to produce zoster is most striking.




predef Zﬁgbtreatment and subsequeht virus multiplication suggest that

‘have been much shorter for the rabbit that did eventuélly develop

autoimmune theory or the (2) chemical activation of a chronic latent
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The increased paralysis induced in one of 9 rabbits by prolonged

long term inféction.established by herpes simplex virus is a chronic
latent infection. This conclusion is supported by the fact that if the
infection in these rabbits was chronic or pseudolatent the suppression
of the.immune méchapism by predef Zég)should have producéd paralysis
and death inta-much larger percentage of the treated animals. More;

over, the time elapsed after predef 2£E)treatment until paralysis should

paralysis. The serum antibody that was present within these animals
was apparently not capable of eliminating the virus from tﬁe host,
because the virus can spread from cel} to cell %ithout coﬁing in contact
with antibody'(Béron, 1966)...Subsequent1y the only immune mechaﬁism
that would be capable of controlling the infection is interferon, but
interferon proddction is inhibited by the predef ZQEDtreatment.

The means Ey which adrenalin is able to increase the paralysis
in paralyzgd'rabbits-and étimulate paralysis in:symptomless rabbits
is obscﬁre. Several theories may explain this pheﬁomenon; (1) én
infection. ‘

Adrenaliﬁ acts as a yasocpnstrictor when given as a small dose but
when admisistered in larger doses the contrictiom is severe and

o

damages the integriﬁy of the vessel walls thus breaking down the blood-

brain barrier (Goodman and Gilman, 1955). This characteristic of
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adrenalin action supports the autoimmune theory of paralysis. The
chemical similarity between adrenalin and sympathin, may also be
construed to support one of the theories of chemical activation. An-

other theory of chemical activation was expressed by Schmidt and

Rasmussen (1960)3 _They felt that the activation via adrenalin was

.due to the reducing environment brought about by the vasoconstriction.

Ay

The 8 day &elay between adrenalin inoculétio; and the first
symptoms of paraiysis may be intefpreted as tﬁe time required for
the immune systeﬁ to marshal it's forces agéidst tﬁé newly exposed
antigens in the Aervous tissue, or as the time required for the
activated latent.ﬁirus to destroy enough’éellg so as to cause symptoms.

The inabilify of‘thé second adminigtrati&n of adrenalin to increase
the parélysis is also obséure. When inperprétea'in the light of the
autoimmiune theory, it may be because virus hag not as€ended any farther
up the spinal coédl If an autoimmune reactioﬁ did take place it would
be at the site of the original reaction and consequently no new nerves
would be affected, gnd.no additional‘paralysis would d;;elop. The
interpretation of these results by the chemical activation theory is
that just three weeks after the first adrenalin injection the activated
latent virus is quickly‘controlied by a."primgd”.immune mechanism.

The absence of positive viral isoiations from the CNS of péralyzed
rabbits shoxtly after paralysis following adrenalin treatment may be
ihtefpfeted'as paraiysis.due to an autoimmune.reactioﬁ therefore,

infectious virus need not be present. An alternative is that the
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paralysis is due to chemical activation of virﬁs but the wvirus can not
be detected.bécause it is masked by interferon? immune lymphocytes

or circulatiﬁg antibody. The negative results of the hypersénsitivity
tests on paralyzed and non—paralyéed rabbits, though’not'contradictéry,
are not in agreement with the autoimmune theory. .Perhaps the observed
paralysis is due to a combination of autoimmune reaction and latent
virus activation, as this theory is also consistent with the fesults of
the adreﬂaliﬁ tests.

The failure of adrenalin and hydrocortisone écetate to precipitate
an increasgd paralysis in paralyzed micer}s not in line with the results
"obtained with these agents 'in rabbits. The mechanismés) responsible for
adrenalin activation of paralysis in the rabbits is apparently absent
in mice. ©Possibly herpes simplex does not cause chronic latent infectiéné
in mice, or the cortisone tréatment was not coﬁtiﬁqed long enough to
detect a chronic 1atent infeétion. The absence of adrenalin induced par-
alysis in mice and poéitive virus isolation from paralyzed mice treatea
with cortisone indicates that if there‘is a.long term infection, it is.
not chronic or pseudolatent, therefore it must be a chronic latent
infection. Although this reasbning is a progf by negative results it is
nevertheless, a valid agrument.

The'attempts to establish a 16ng term infection in mice with
equine herpe;virus type T and then aétivatg the infecﬁion with
adrenalin or Hydrocortisone acetate met with thé same fate as herpes

. simplex virus in mice, These results do not suggest whether or not
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equine herpesvirus type I is capable of eétablishing,a 1ong‘term
infection, butJthey do again imply that the mouse is not the iéeal
host for a long term herpesvirus infections.

The isolation of equine herpesvirus type I 22ldays post inoculation
from the urine of the cortisonized'mquse that survived both the
cortisone treatment>and virus_inoculation'suggests thgt é long terﬁ
infection is possible with equine herpesvirus type I but it is not
common. The isolation of other herpes;iruses, both human and mouse
cytomegaloviruses chronically from the urine- has been deﬁonstrated by
Medearis (1964 a & b). |

An interesting observaﬁion that elucidates in part the method of
vi%us spreéd Ep the central nervous system (i.e., vig nerve tracts or via
the hematogeﬁesis route) ié that the .time interval from the challenge
with virus ‘to the onset of the death phase is the same for intraperitoneal

O, 10—1, 10”2 dilutions) of equine

and intracerebralvinoculatioﬁs (10
herpesvirus type I. Theis observation algng with the failure to'iéolate
virus from the visceral tissues of intraperitoneally inoculated mice
sgggests that upon inoéulatioﬁ, the equine H§r§esvirus type I is
directly carried to the cen?ral nervous system via Ehe vascular system.
If the virus inoculated intraperitoneally traveled by nerve -tract it
would presumably tgke longer to reach the cenffhi ner?ous sfsteﬁ.and
consequently. longer to kill tﬁe mouse. The curves in Figure 1 are in

complete argeement with the vascular .transport hypothesis (Johnson; °

.1964).'_The actual method of transporting the virus particle may be as
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Johnson (1964) has suggested for herpes simplex in tﬁe mouse. This is
the carrying of the virus to the central nervous system by infected
macrophages which lodge in the brain. The intraﬁeritdneal inoculatign
‘curve in Figure 1 may be further interpreted as depicting the amount of -
virus being trénsported to the brain from the peritonéum by comparing

it with the mortality curves of the different dilutiéns of intracerebral
inoculated equine herpesvirus type I. By this'mgthod the.number of
infectious particles carried to the brain from the peritoneum is
approximatiey 27-PFU..

| A fairly clear picture of the péthogenesis of equine herpes-

virus type I in mice was 5btained as a result of this study. The
inability to isolate virué or detect incluéion bodies in visceral
specimens of intraperitoneally inoculated newborn mice suggests that

the virus is unable to infect these tissﬁeg. The frequent viral
isolation from the brain specimens of intraperitoneally inoculate mice,
demonst?ates_that the virus is viruient,~aﬁd strikingly neurotrophic.
The results of intracerebral inoculation of 4 Weék:oid mice and 4 day
old mice revealed that the older mice Were.more than 300 times more
resistant to the Qirus than tﬁe,younger group. This finding is consist-
ént with the reports of age resistance for the rést'of the herpesviruses
(Plummer,'1967). This age dependent'resistance ma& reflect the maturing
of an immune mechanism, possibly the deveiopment of efficient interferon
: producfion. The enhaﬁced virﬁlence of ithe virus ;n intraperitoneélly

inoculated mice that were ﬁretreated with cortisone may be the result of

'
¢
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interferon suppression by the cortisone (Medearis, 1964; Henson, 1967).
In céncldsion it must be emphasizéd that the experiments failed to
prove that chronic and pseudolatent-infections are not established by
strains of herpes‘simplex; but .they indicate strongly that chronic
latent infections are established by the virus in rabbits gﬁt not in
. mice. The mode of adrenalin activation of paralysis remains unknown.
However, these studies of adrenalin activati?nlsuggest strongly an
autoimmune etiology. The e?idence that supported this theory was the
inability to isolate virus, the similérity of_the histological picture
with that reported for experimental allergic encephalomylitis (Humphrey
and White 1964), and the nature of adrenalin action on the Blood brain

barrier (Goodman and Gilman 1955).

The mode of predef Zég>a¢tivation of parélysis may be the {ulibition

»
1

of interferon synthesis or activity.
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