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DISSEMINATION OF HERPES SIMPLEX VIRUS
: IN THE PREGNANT RABBIT

CHAPTER I
INTRODUCTION

The pathogeneses of the dise#ses caused by herpes simplex
virus have not been clearly detérmined. The exact mechanisms of dissem-
ination of this virus from the initial site of infection to the many
anatomical areas which may be involved is not completely described, In
some | instances hérpetic inclusion bodies have been observed and thg
virus has been identified after isolation from autopsied ﬁissnes of human
beings who _died of clinically diagnosed herpetic infeétions. In the ma-
jority of studiés the etiologic agent was not demon.st:razed; A survey of
the literature indicates that this virus is believed to be spread along
nerve pathways,‘ by hematogenous dissemination or by a combination of
these routes. The extent of the involvement of tissues and organs as

sequalae to primary herpes simplex virus infection will be reviewed,

Dissemination of Herpes Simplex Virus

The groundwork for experimental infection of animals with her-
pes simplex virus was established in 1912 by Griter who reported (1920)

that when the scrapings from a herpetic lesion of a human being were



Y, .
pl;ced on the séarified cornea of a rabbit, the animal,developed‘aﬁ en-
cephalitis; He was able to maintain the virulence of the virus by rabbit
to rabbit transfer with infected rabbit brain homogenate; Lowenstein
(i919) infected rabbits by corneal inoculation with herpes simpiex virus

in material from eruptions of the face; lips and genitalia of human
beings;

Marinesco and Diggonesco‘(1923) reported that herpes simplex
virus traversed the tissue spaces and sheaths of the nerves of experi-
mentally infected rabbits rather than prog:esging along the ngrve;‘
Friedenmaid (1923) suggested that a keratoconjunctivitis and oftentimes
an gqcephalitis resulted when rabbits were infected with pustular fluid
E?Eﬁ human herpetic lesibns by the corneal scarification technique; He
postulated that the virus was transported along the sensory nerves of
the cornea and from there to the brain., Goodpasture and Teague (19234,
1923;) proposed that, in rabbits, the peripheral nerveé (sensory, motor,
or sympathetic) were the portals.of entry to the central nervous system
from the site of initial infection. They demonstrated a myelitis of the
lumbar region of the spinal cord when the herpes simplex virus was inoc-
ulated into any muscle innervated by the sciaticvnerve; However; if
this nerve were cut first; no myelitis developed; Evidence was presen:gd
by Gob&p&éture (19253; 19255, 1929) which suggested'ﬁhat the virus trav-
elled along axis cylindersw;f peripheral nerves of rabbits and so en-
tered central nervous system pathwajs; Abe (1926) ruled out hematogen-
ous dissemination of the virus. He reported that ﬁhgn the virus was

inoculated into the vitreous humor of a rabbit's eye, it left the area
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by way Sf the optic nerve éxclusively, crossed the optic chiasma and
infected the other eye. Gifford»and Lucic (1927) confirmed Abe's find-
ings, | |

'King (1940) demonstrated intianuclegr 1nc1us@on bodies in nerve
cells of mice which he inoculated in the vitreous humor of the eyé with
herpes siﬁplex virus; From serial microscopic sections of the ne;veé
which innervate the eye he concluded that the virus was transported from
this area to the central nervous system along the fifth nerve rather than
the optic nerve, Berry and Slavin (1943) and Slavin and ﬁerry (1943,)
reported that intranasal instillation of herpes simp;ex virus in mice
was followed by prompt invasion of the central nervous system by all
available neural routes.

Wildy (1954) gave what he termed "unequivocal evidence” that a
viremia pléyed no significant part in the spread of herpes simplex virus
from.the periphery to the éentral-nervous system in mice; He treated tﬁe
hind foot pad with hypertonic saline and then inoculated the virus into
the pad; Most of the mice developed posterior paralysis and many died.
An upward progression of the virus along the nerve structures was demon-
strated by means of titrations of foot, sciatic nerve, lumbar and cervi-
cal sections of the spinal cord and brain, He reported that only a low
grade viremia appeared late in the disease, He did not postulate as to-
whether axonal or fluid spaces were involved, Boyse, et al. (1956) con-
firmed the findings of Marinesco and Dragonesco (1923) that herpes simplex
virus was dispersed through tissue fluids which surround thg nerves of

rabbits rather than along axonal pathways. They used radio-ibdihﬁééd"
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serum proteins to locate the inflammatory sites and to determine the
severity of the reactions,

There is evidence to support the theory of hematogenous dissem-
ination of herpes simplex virus to organs and to the central nervous sys-
tem of animals, After evaluating their results of experimental infection
of rabbits, Doerr and Vgchting (1920) proposed that the virus was spread
by way of the blood stream. Doerr and Schnabel (1921) inoculated rabbits
intravenously with herpes simplex virus and the animals developed an en-
cephalitis, The investigators isolated the virus from the heart's blood
of these animals by corneal inoculation of the heart's blood into normal
rabbits, This second group of animals developed encephalitis and died,
It was concluded that the virus must enter the bloodstream from the eye,
the site of experimental inoculation, and directly invade the central
nervous system as a result of hematogenous dissemination., Greenbaum and
Harkins (1925) reported that whole blood from a herpes simplex infected
rabbit produced a herpetic keratoconjunctivitis when it was inoculated
onto the scarified cornea of normal rabbits. They were unable to pro-
duce a central nervous system involvement by this method., Fevre de Arric
and Millet (1926) found that intravenous inoculation of bile salts, urea
and other compounds into rabbits prior to corneal inoculation of the ani-
wmals with the herpes virus caused a change in permeability of the choroid
plexus, The virus could easily invade the brain to which it had been car-
ried by the blood from the site of initial infection. They postulated
that in human herpetic infections the choroid plexus might be disrupted

by cellular breakdown products which result from the infection and the
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invasion of the brain by the virus would be facilitated., Remlinger and
Bailly (1926,) inoculated rabbits intracerebrally or subcutaneously with
blood from experimentally infected rabbits and dogs which exhibited symp-
toms of herpes simplex virus infections, The infected rabbits died after
exhibiting central nervous system involvements., Defibrinated flood from
the infected rabbits and dogs was inoculated intravenously into rabbits
and results similar to those described above were obtained. They were
able to cause death in only 1 of 7 rabbits inoculated intracerebrally
with the serums from the infected animals., Remlinger and Bailly (1927)
inoculated rabbits subcutaneously and intracorneally with herpes simplex
virus, They postulated that the encephalitis which resulted from this
procedure was due to the virus which had been transported to the brain by
the blood, Despite the fact that they were unable to demonstrate herpes
virus in the blood of experimentally infected rabbits, Urbain and Schaeffer
(1927) nevertheless suggested that the virus was present in the blood at
least for a short time. Gildmeister and Heuer (1929) demonstrated the
virus in the blood of patients by the intracerebral inoculation of the
blood into normal rabbits., The rabbits subsequently died as a result of
encephalitis,

Armstrong (1943) and Zarafonetis, et al. (1944) suggested thst
a viremia played a role in the spread of the herpes virus from the pri-
mary lesion to the central nervous system but they were unable to iso-
late the virus from the blood of human beings who had been clinically
diagnosed as having herpetic meningitis and encephalitis., Kipping and

Downie (1948) isolated the virus from lesions of patients by the embryo-
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nated egg and snimal inoculation techniques and they believed that these
generalized human herpes simplex infections resulted from the dissemina-
tion of the virus by the blood stream, Haymaker (1949) postulated that
human herpetic encephalitis infections resulted from the spread of the
virus by the blood from the site of the primary lesion to the central
nervous system,

Ruchman and Dodd (1950) recovered the virus from the blood of
a patient with herpetic rhinitis by intracerebral inoculation of the
blood into mice. They suggested that a viremia must exist since meningi-
tis, encephalitis and dermatitis oftem result from herpes simplex infec-
tions. Patients with fulminating visceral herpetic infections and her-
petic hepatitis were described by Zuelzer and Stulberg {1952), These
investigators postulated that the virus was disseminated by way of the
blood strear %o produce such an overvhelming infection. Buddingh, et al.
(1953) reported studies of severe herpetic stomatitis infecti:ns in chil-
dren in which the causal agent was isolated from specimens of mouth
washings and stools, but not from blood. Scott (1954) described many of
the clinical manifestations of herpes simplex virus infections., He con-
cluded that a viremia occurred during the primary infection and that the
dispersion of the virus throughout the body was associated with blood
stream dissemination. In describing Kaposi's varicelliform eruption
(eczema herpeticum) in an 11% month old infant, Pugh, et al. (1955) sug-
gested that there was a hematogerous spread of the virus to many organs
from the site of primary infection. Beale and Hair (1956) used tissue

culture methods to isolate the virus of herpes simplex from the blood
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of 2 patients with Kaposi's varicelliform eruption,

A few investigators have suggested that herpes simplex virus
may be distributed to various organs and tissues; including the central
nervous system, by a combination of neural routes and by hematogenous
dissemination., Anderson (1939, 1940) demonstrated herpetic lesions and
inclusion bodies on the chorioallantoic membrane and in many of the
organs of chick embryos which had been inoculated on the membrane with
herpes simplex virus., She postulated that the virus was hematogenously
disseminated throughout the eubryo; but suggested that central nervous
system involvement resulted from centripetal and centrifugal transmission
of the virus, She infected rabbits by the corneal scarification method
and isolated the virus from the fifth nerve and ganglion by the chorio-
allantoic membrane technique. By intracerebral inoculation of mice,
Berry and Slavin (1940) demonstrated herpes virus in the blood of young
mice which had received the virus by nasal instillation, They believed
that invasion of the central nervous system by the virus was independent
of blood transport. After studying visceral lesions in mice which had
been inoculated intranasally or which had received the virus by intra-
peritoneal inoculation, Slavin and Berry (1943p) concluded that hemato-
genous dissemination of the virus was responsible for its establishment
in the endothelium of the organs. They maintained; however, that the
central nervous system was invadéd by transport of the virus along nerve
pathways. Evans, et al. (1946) inoculated the foot pads of young mice
and noticed that they developed paralysis of that limb which was followed

by paraplegia and finally an encephalitis, Titration studies for virus
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in various parts of the feet led them to conclude that the virus invaded
and traveled along the peripheral nerves to the central nervous system.
They thought that some of the virus was transported by the blood to other
parts of the body where local foci of infection were established and that
from these foci the virus invaded the nerves to gain entrance to the brain
along the nerve tracts, They also found that if immune serum were given
to the mice simultaneously with the virus, the mice were protected
against paralysis and death. If the serum were administered more than
12 hours aftexr the experimental inoculation of the virus, paralysis and
death resulted from the infection., In re-examining the data on the de-
velopment of central nervous system involvements which resulted from ex-
perimental inoculation of animals with herpes simplex virus, Field (1952)
found that the virus traversed the tissue fluid spaces of nerve pathways
as earlier suggested by Marinesco and Dragonesco (1923), He suggested
also that a transient viremia could play an important role in some disease
manifestations of the virus,

From the literature review just presented it is evident that
the dissemination of herpes simplex virus throughout the body may be ac-
complished by a combination of routes such as by 1) the axons of nerve
cells, 2) the sheaths and tissue fluids surrounding the nerve cells, and
3) hematogenous dissemination. Unfortunately, many of the reports are

lacking in definite knowledge of the identity of the causal agent;

Sites gg Viral Infection

There are many reports in the literature of the disease mani-

festations and the organs and tissues involved in herpes simplex infec-
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tions in animals, In rabbits, the virus has been demonstrated in ocular
secretions (Scott, et al. 1941), cerebrospinal fluid (Urbain and Schaef-
fer, 1927), the central nervous system (Good, 1947), and the saliva,
nasal secretions, urine, feces, spleen and suprarenals (Urbain and Schaef-
fer, 1927), The virus has been found in the brain (Slavin and Berry,
1943,), lungs, liver, spleen and the adrenals (Slavin and Berry, 1943p)
of mice, The establishment of a herpes simplex virus infection in the
guinea pig was more difficult and not as generalized, The foot pad was
susceptible (Bedson and Crawford, 1927) and infection resulted in paral-
ysis of the inoculated foot, Dermal injection onto a scarified area of
the skin resulted in a local infection but with infrequent generalized
infection (Bedson and Bland, 1928). Rats can be infected by intracere-
bral inoculation and the virus recovered from the brain (Smith, et al.
1941). When intracerebrally inoculated with the virus, monkeys developed
a chronic encephalitis resembling the disease in man (Zinsser and Tang,
1929). Remlinger and Bailly (1926p, 1926,) established the herpes virus
in the brains of cats and dogs. The teratogenic effect of the virus on
chick embryos was described by Heath, et al. (1956) and Anderson (1939,
1940) demonstrated the virus in many of the visceral organs and the
brains of developing chick embryos,

Scott (1954) reviewed the disease manifestations which the
herpes virus causes in human beings by describing primary lesions of the
mucocutaneous junction of the mouth, herpes genitalia, ocular infections
and visceral and central nervous system involvements, He also discussed

the manifestations of herpetic stomatitis and recurrent herpes simplex
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infections which are usually confined to the genitalia or mucocutanecus
junction of the mouth and can reappear despite the demonstration of spe-
cific herpes simplex antibodies in the patient's serum.,

Reports in the literature which were based on clinical and epi-
demiological observations describe viral infections of the newborn and
imply a prenatal infection, The first clear evidence of viral infection
of the fetus from the mother was reported by Gregg (1941), He correlated
clinical evidence of the viral damage of the offspring with epidemiologi-
cal history of exposure of the mother to rubella virus. Since then, nu-
merous such reports particularly on the prenatal effect of rubella wvirus
have been presented., Haas (1941) inoculated pregnant mice with the virus
of lymphocytic choriomeningitis and recovered the virus from fetal tis-
sues by mouse inoculation techniques; Among the other viruses reported
to be the etiologic agents of neonatal infections are poliovirus (Torres
Umana, 1951), varicella (Lucchesi, et al. 1947), infectious hepatitis
(Karlova, 1958), herpes zoster {Feldman, 1952) and Coxsackie virus

(Freudenberg, et al. 1952),

Despite the frequency of neonatal viral infections and the
assumption that fetal infections may occur there is no unequivocal proof
that herpetic infections of fetal tissues occur in man or in experimental
animals, To date the herpes virus has not been isolated and identified
from prenatal tissue. However, some reports in the literature have in-
criminated herpes simplex virus as the etiologic agent of fetal infec-
tions, Hass (1935) reported a fatal neonatal infection of a 12 day old

baby. He demonstrated herpetic-like inclusion bodies in liver cells of
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the patient., Smith, et al., (1941) investigated the causal agent of death
in 8 4 week old child who suffered from acute encephalitis. A brain
homogenate from the child produced death in mice by intracerebral inocu-
lation, Wenner (1944) isolated herpes simplex virus in rabbits, hamsters
and guinea pigs from vesicular fluid and brain homogenates obtained from
specimens of 4 infants who died of eczema,

Wildi (1951) wrote of a mother who suffered a genital herpes
infection during the fifth month of pregnancy. The infant died 13 days
after birth and the investigator demonstrated herpetic-like inclusion
bodies in brain tissue, A fatal qeonatal infection in an infant vhose
mother suffered an attack of herpes labialis 9 days before birth was des-
cribed by Quilligan and Wilson (1951), Herpes simplex virus was isolated
from skin and liver lesions of the baby. Florman and Mindlin (1952) re-
covered the herpes virus from one of newborn premature triplets, From
the vesicular fluid of lesions of the generalized eruption and lip blis-
ters, the virus was isolated on the choriocallantoic mewbrane of the de-
veloping chick embryo and in mice and rabbits., Zuelzer and Stulberg
(1952) discussed their observations of herpetic visceral disease and hep-
atitis in 5 infants, 5 to 13 days of age. They suggested that 3 of these
children were mechanicaliy infected during the birth process from genital
herpetic lesions of the mothers, and that the other 2 children were in-
fected in utero. France and Wilmers (1953) did not isolate the etiologic
agent from newborn twins who died soon after birth from clinical herpetic
hepatitis or encephalitis, but they found herpes simplex virus inclusion

bodies in the liver of each baby. By use of chorioallantoic membrane and
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mouse inoculation techniques, McDougal, et al. (1954) isolated the herpes
virus from the liver of a baby who died 11 days after birth. The infant's
mother had suffered an undiagnosed "unspecific dermatitis" during the
pregnancy. Colebatch (1955) demonstrated herpetic inclusion bodies in
the liver cells of several newborn infants who succumbed to severe gen-
eralized herpes simplex infections. Hepatic necrosis in 2 neonatal pa-
tients who died of herpes simplex infection was reported by Williams and
Jack (1955). No skin lesions were apparent in either case but micro-
scopic sections of the liver of the children gave evidence of necrosis
and herpetic inclusion bodies were found, By the suckling mouse, chorio-
allantoic membrane and rabbit cornea inoculation techniques, the virus was
isolated from the liver of 1 child, Heath, et al. (1956) demonstrated
the teratogenic effects of herpes simplex virus on early chick embryos.
By inoculation of the virus on the membranes, they observed daily abnor-
mal changes in the embryos. However, Miller, et al. (1950) noted a her-
petic infection in a pregnant mother and after birth of the child it was

observed for 9 months for neonatzl herpetic lesions or malformations,

None were seen.

Detection gg Virus

Herpes simplex virus may be detected in specimens of tissues,
organs and exudates by animal and tissue culture inoculation techniques.
The chorioallantoic membrane method of inoculation of embryonated hen's
eggs (Beveridge and 3Burnet, 1946) is probably the most widely used, but
animal inoculation techniques are also extremely valuable. The suckling

mouse has been demonstrated to be highly susceptible to the herpes virus
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when inoculated by the intraperitoneal route (Kilbourne and Horsfall,
1951). The corneal route of inoculation of rabbits has long been used
for demonstration of herpes virus in tissue homogenates and exudates from
lesions (ngenstein, 1919 and Grgter; 1920). Adult mice (Scott, 1956)
are also used for this purpose, Guinea pigs (Bedson and Crawford, 1927),
hamsters (Zarafonetis, et al. 1944) and the cotton rat (Florman and Trader,
1947) have been used less commonly for demonstration of the herpes virus.
HeLa cells in culture have been widely adapted for use as an aid in the
laboratory diagnosis of herpes simplex virus infections.

Direct microscopic examinations are also of assistance in the
detection of this virus in tissue sections., Since the virus as a unit
is submicroscopic in size, physical-optical examination of this entity
has been limited to observation of the pathological lesions or to tissue
staining techniques designed to demonstrate inclusion bodies formed by
certain of the viruses., Diagnosis of viral diseases in general has de-
pended upon clinical observation, serological reactions and in some cases,
isolation of the virus in animals and tissue cultures as previously des-
cribed. The development of a histochemical immunologic staining tech-
nique has proved to be of great assistance; not only in specific identi-
fication of viruses in tissue, but also in the rapid identification of
viral, bacterial and parasitic species.

Early in the twentieth century, Bogert and Wright (1905) in-
vestigated the potentialities of nitro-derivatives of fluorescein as
tools for specific labelling of antiserums to facilitate the demonstra-

tion of antigens in tissues, The next important report was that of Hop-
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kins and Wormall (1933) who experimented with phenylisocyanate-protein
compounds and the immunologic reactions which involved these antigens.
They conjugated phenylisocyanate and p-bromophenylisocyanate to caseino-
gen, gelatin and horse serum, They employed the precipitin technique to
demonstrate specific antigen-antibody reactions by layering the antigen
and labelled antibody in a tube and observing the ring of fluorescence
at the interface. Fieser and Creech (1939) conjugated amino acids with
anthracene isocyanate and 1,2 benzanthracene isocyanate and described
the chemical properties of the conjugated proteins, Creech and Jones
(1940) conjugated 1,1 benzanthylisocyanate to horse serum and used ultra-
violet light to determine if true conjugation occurred. During the years
since Bogert and Wright (1905) first tested ‘fluorescein derivatives as
immunologic stains, the techniques and the compounds used were improved
by each subsequent investigator.

Coons, et al, (1941) prepared beta-anthryl-carbamide deriva-
tives and coupled them to antipneumococcal type III rabbit serum, The
results demonstrated little difference between specific and nonspecific
fluorescence. The report of Coons; et al. (1942) laid the foundation
for the improved fluorescent antibody technique which now is widely used.
They noted green fluorescence when their preparation of fluorescein iso-
cyanate, which had been conjugated to antipneumococcal type LII serum,

was used to treat Diplococcus pneumoniae type III infected mouse tissue.

In these preparations of infected tissue, only the microorganisms £luo-
resced and the background tissue did not. When uninfected tissue was

treated in the same manner as the infected tissue, nonspecific blue fluo-
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rescence but not specific green fluorescence was observed, The improved
method of fluorescent antibody staining which was developed by Coons and
Kaplan (1950) is the preferred technique now in general use. They pre-
pared fluorescein amine fractions I and II from basic chemicals. When
fraction II was converted to the isocyanate by treatment with phosgene,
clearer and more consistant results were obtained than with fraction I,

Many viral agents and their resulting infections have been
studied with the aid of the fluorescent antibody technique. These include
mumps virus (Coons, et al., 1950, Watson; 1952,, 1952), influenza virus
(Watson and Coons, 1954; Liu, 1955,, 1955, 1956); canine distemper virus
(Moulton and Brown, 1954, Moulton, 1956, Liu and Coffin, 1956, 1957,,
1957p), vaccinia virus (Sawai, et al. 1955, Noyes and Watson, 1955), in-
fectious canine hepatitis virus (Coffin, et al. 1953); psittacosis virus
(Buckley, et al. 1955), primary atypical pneumonia virus (Liu and Eaton,
1955), Shope papilloma virus (Noyes and Mellors, 1957), varicella and
herpes zoster viruses (Weller and Coons, 1954) and Egypt 101 virus (Noyes,
1955), O'Dea and Dineen (1957) studied the growth of virus and the re-
sulting morphological changes in epithelial cell cultures infected with
herpes simplex virus, and Lebrun (19564, 1956}) used this technique to
investigate cellular localization of the virus in infected mouse brains
and human carcinoma cells in XEEES“

Fluorescence microscopy as improved by Coons and Kaplan (1950)
has been used widely, Not only has it found application in studies with
viruses, but also with protozoa, bacteria, microbial products and tissues

infected with these agents. The information obtained is invaluable espe-
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cially because of the rapidity and accuracy of this method as compared
with previous methods.

In order to study the pathogenesis of disease manifestions of
herpes simplex virus in adult pregnant rabbits, a method of dissemination
of this agent from the initial site of infection to the various tissues
and organs had to be determined. 1Isolation and fluorescent antibody

techniques were used to determine the extent of the viral dissemination.



CHAPTER II
MATERTALS AND METHODS

Young adult, white albino male and female rabbits which weighed
approximately 8 pounds were obtained from a local rabbitry and used in
this study. Virgin females were bred by males of the same pure line
strain for studies of viral dissemination in fetuses, Three-weeks-old
white Swiss mice were obtained from breeders who furnished pure line
animals, In some instances pure line strains of mice were bred in this
laboratory., The embryonated hen's eggs from Austria White and White
Leghorn breeds of chickens were obtained from a local hatchery,

Three strains of herpes simplex virus (HF, HFt and K) were used
in these investigations., The HF and HFt strains were obtained from the
Communicable Disease Center, Montgomery, Alabama. The HF strain had
been propagated 56 times on the chorjoallantoic membrane (CAM) and 7
times in the yolk sac (YS) of the developing chick embryo, once in the
brains of white Swiss mice (MB) and once on the cornea of the rabbit.

The HFt strain had been propagated 7 times on Hela cells in culture when
it was received., Pools of virus were prepared of each of the HF and HFt
strains of the herpes virus by a combination of infected allantoic fluid
and homogenate of infected CAM, These pools which contained in 0.5 ml

at least 10% LDsp for YS were used as the inocula throughout these studies.

17
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The K strain was isolated in this laboratory from a patient suffering a
herpetic lesion at the oral mucocutaneous junction,

Throughout the investigations, all dilutions of the virus and
all blood and tissue homogenates were prepared in appropriate amounts of
sterile buffered gelatin saline (BGS) according to Scott (1956). For
each ml of diluent, 200 units of penicillin (prepared from crystalline
penicillin G Merck, Sharpe and Dohme Company, Philadelphia) and 200 mg
of streptomycin (prepared from streptomycin sulfate Squibb, E, R. Squibb
and Sons, New York) were added to control possible bacterial contamina-
tion. All glassware, instruments and other materials were properly
sterilized by the dry air oven method (180 C for 2 hours) or by auto-
claving (15 pounds pressure, 121 C, for 15-30 minutes). Representative
samples of homogenates and virus pools were tested for bacterial sterili.
ty before use by placing aliquots of the material in broths and on solid
media for aerobic and anaerobic bacteriological studies.

Herpes simplex immune serum was prepared by immunization of
young adult rabbits, One-half ml of allantoic fluid containing formalin
inactivated herpes simplex virus was injected subcutaneously into the
animals 3 times a week for 2 weeks., After a lapse of 1 week, 1 ml of
the inactivated virus suspension was inoculated subcutaneously, The ani-
mals were permitted to rest for 1 week and were then bled aseptically
by cardiac puncture, The serums were collected and adsorbed with dried,
mouse liver powder to remove nonspecific fluorescing material,

Fluorescein isocyanate prepared according to the method of

Coons and Kaplan (1950) was purchased from the Sylvania Chemical Company,
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Orange, New Jersey, and it was conjugated to the herpes simplex immune
serum by the following method. Ten and one-half ml of phosphate buffered
saline (PBS), 3 ml of carbonate-bicarbonate buffer (0.5 M, pH 9.0), 2.5
ml of dioxane and 0.5 ml of calcium sulfate-dried acetone were placed in
a 50 ml Erlenmeyer flask which was in an ice bath, When the temperature
of the mixture dropped to 0 to minus 2 C, 3 ml of antiserum was added.
In a test tube, 0,5 ml of fluorescein isocyanate (based on the use of
0.05 mg of fluorescein amine II per mg of protein in the gamma globulin
fraction of the antiserum) was added dropwise to a mixture of 1 ml of
dried acetone and 0,5 ml of dioxane which did not contain antiserum.
The fluorescein isocyanate mixture was then added to the cold antiserum
mixture in the flask and stirred for 18 hours, After this process, the
solution was transferred to a cellophane sack and dialyzed against daily
changes of PBS until no fluorescence was observed when the dialyzing
saline was examined with ultra-violet light (5 to 6 days). The solution
was then centrifuged to remove the precipitate which formed and merthio-

late (1/10,000) was added. The conjugate was stored at 4 C in a tightly

stoppered vial,

Dissemination gg the Virus

Rabbits were anesthetized lightly with ether and the corneas
of both eyes of each rabbit were scarified with a piece of sterile wire
gauze. The wounding process penetrated the epithelial cells. One-tenth
ml of the HF or K strain of herpes simplex virus was massaged into the
scarifications of the left eye and 0.1 ml of BGS which contained no virus

was massaged into the right eye of each animal, Blood samples were ob-
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tained aseptically from the marginal ear vein 24 and 48 hours after inoc-
ulation from all rabbits studied., From the first 5 animals additional
blood samples were removed every 6 hours for 102 hours; from 5 more,
samples were taken every 12 hours for 132 hours and from a group of 6
more rabbits, the bleeding schedule was every 12 hours for 180 hours.
Normal rabbits which had been inoculated only with BGS were treated in a
similar manner to the virus inoculated animals, Specimens from these
animals served as controls to determine if the plaques formed on the CAM
were caused by the blood or the virus., The blood samples were inoculated
onto CAM in 0,1 ml amounts according to the method of Beveridge and Burnet
(1946) and incubated for 72 hours, The membranes were then harvested and
examined for plaques as evidence of herpetic infection.

Forty-eight hours after inoculation of the rabbits, washings
were obtained from the left and right eyes of each animal., Sterile BGS
was dropped into each eye and the eyes were swabbed with sterile, cotton-
tipped applicators. One-tenth ml of this material was used to inoculate
CAM to determine if the virus were present in the washings,

Rabbits which died as a result of the experimental corneal in-
fection were autopsied and homogenates of brain, heart, heart's blood,
kidney, liver, lungs and spleen were prepared in BGS containing antibio-
tics and were inoculated onto CAM, The presence of the virus was deter-
mined by the production of typical herpetic plaques on the CAM,

In order to determine if the virus could spread from the site
of initial inoculation on the cornea of the eye to the fetus of the rab-

bit, the following studies were made,
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Young adult, white, virgin female rabbits were bred by males
of the same strain. From 7 to 14 days after breeding, the females were
lightly anesthetized with ether and inoculated on the scarified cornea
with a suspension of the pooled virus. Two animals were inoculated on
each of the following days after the breeding process; 7 days, 8 days, 11
days and 13 days. Three rabbits were inoculated 14 days after breeding.
Blood specimens were withdrawn 24 and 48 hours following inoculation with
the virus and at the time surgery was performed. Ocular washings were
taken 48 hours after the corneal inoculation of the animals. These spec-
imens were tested on the CAM for evidence of the presence of the virus.

At 54 or 96 hours following inoculation, the animals were anes-
thetized with ether or nembutal and surgical procedures were used to re-
move 1 gravid horn of the bifurcate uterus. The fetuses from the excised
horns were dissected aseptically from the placental tissue and washed
thoroughly in sterile physiological saline., Some of the fetuses from
each rabbit were placed in sterile tubes, rapidly frozen at minus 52 C
and stored at this temperature until later when microscopic sections were
prepgred. Fetuses from normal rabbits were removed, prepared and stored
in a similar manner to those from herpes simplex virus infected animals.
The remaining fetuses from each virus infected and normal rabbit were
ground in a sterile tissue grinder and homogenates were prepared with BGS
as the diluent, The homogenates of the fetuses from each rabbit were
then inoculated onto the CAM of embryonated eggs to determine the presence
¢f the virus.

The fluorescent antibody technique of Coons and Kaplan (1950)



22
was used as another means of proving that the virus had spread from the
adult to its embryos. Frozen microscopic sections of fetuses from non-
infected and herpes simplex virus infected animals were prepared and
placed on glass slides, Some of these sections were treated with fluo-
rescein-labelled specific immune serum in the following manner. The
slides were placed in Petri dishes containing a piece of moist cotton,
One drop of the labelled-antibody was placed on the section and allowed
to remain for 20 minutes during which time the Petri dish was covered to
prevent evaporation of the conjugate. The slides were then gently washed
for 10 minutes in frequent changes of PBS, Coverslip mounts were pre-
pared with 10 percent glycercl-phosphate buffer and sealed with Sealit
(Fisher Scientific Company). A Reichert "Fluorex" 200 watt mercury vapor
arc burner and the Reichert filter system for fluorescent microscopy were
used as the source of illumination, The system consisted of 4 filters,
2 of which were ultra-violet transmitting filters and the others were
opaque to visible light, Of the ultra-violet transmitting filters, 1
(colored black) was 1.5 mm thick and the other (colored violet) was 1 mm
thick. Two blue filters wzre used to stop the transmission of visible
light and a fifth filter, green in color, was attached to the ocular to
prevent damage to the eye from the ultra-violet rays. The preparations
were examined with a Bausch and Lomb monocular microscope fitted with a
standard Bausch and Lomb cardioid dark field condenser and a 12 X ocular.
Low power examinations were made with a 10 X objective and high, dry
examinations were made with a 43 X objective., Photomicrographs were

taken with an Exa camera on Anscochrome daylight color 35 mm film (Ansco
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Company) and on K135 Tri X black and white 35 mm film (Eastman Kodak Com-
pany)., FRX500 developer and Kodak acid stop were used to develop the
negatives. Exposure time, when the low power objective was used, ranged
from 30 to 45 seconds, The exposure time when the high power objective
was used ranged from 1% to 3 minutes,

As control slides for fluorescent studies, sections were pre-
pared from the following materials and treated in the same manner as the
slides of fetal sections: 1) CAM infected with virus isolated from the
blood of herpes simplex virus inoculated rabbits; 2) normal CAM inocu-
lated with sterile BGS; 3) CAM infected with vaccinia virus; 4) normal
rabbit fetuses; 5) MB inoculated with virus isolated from the blood of
herpes simplex virus infected rabbits; 6) normal MB inoculated with BGS.
As an additional control frozen sections of the fetuses from herpes
simplex infected rabbits were treated with unconjugated specific immune
serum, These controls made it possible to test for the specificity of
the antigen-antibody reaction under the given conditions., A reaction
between specific immune serum (conjugated) and herpes simplex virus pro-
duced a yellow to yellow-green fluorescence., Areas of heavy concentra-
tion of the virus appeared to be almost white due to intense fluores-
cence, Nonspecific fluorescence due to reactions other than antigen-
antibody were blue in color,

Representative microscopic sections from fetuses of each herpes
simplex virus infected rabbit were stained with hematoxylin and eosin ac-
cording to Harris (1957) and examined for the presence of herpes simplex

virus inclusion bodies., Examinations were made with a Leitz light micro-
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scope using the oil immersion objective (95 X). Photomicrographs were
made with Kodak K135 Plus X black and white 35 mm film, Exposure time
was 2 seconds with a light source of 1.6 foot candles.

To confirm the isolation of herpes simplex virus from the blood
of the corneally infected rabbits by the CAM technique homogenates of
the infected CAM were prepared in BGS and intracerebrally inoculated into
MB, To aid in the identification of the virus isolated from the blood
and fetuses of herpes simplex virus infected rabbits, neutralization
tests were performed according to the method of Scott (1956), Serial
dilutions of the virus (100 to 1078) were prepared in BGS, These dilu-
tions were combined with herpes simplex virus specific immune serum
(0.50 ml virus plus 0,50 ml entiserum). Following incubation for 1 hour,
the mixtures were inoculated onto CAM. The membranes were harvested
after incubation and examined for evidence of decreased infectivity of
the virus for CAM in the presence of the immune serum. The results ob-
tained were compared with those from another, parallel series in which

BGS was used instead of immune serum,



CHAPTER III

RESULTS

Forty-eight hours after corneal inoculation with herpes simplex
virus, the left eye of each of the rabbits exhibited severe swelling and
redness with multiple vesicles on the cornea and nictitating membrane,
When the 48 hour ocular washing from the left eye of each rabbit was
inoculated onto the chorioallantoic membranes of the developing chick
embryos (CAM), typical herpetic lesions developed; The control (right)
eye of each rabbit was normal in gross appearance, No lesions were ob-
served on the CAM which had been inoculated with the washings from the
right eye of each rabbit.

Herpes simplex virus was demonstrated on the CAM after inocu-
lation with biood samples from 16 rabbits which had been infected pre-
viously on the cornea of the left eye with this virus, A summary of the
number of times the virus was isolated is shown in Table 1, The time is
recorded in hours, The number of positive viral isolations is showm as
the numerator and the number of isolations attempted is recorded as the
denominator. On only 2 occasions was the virus not isolated from the
specimens but due to the small number of animals in these groups the re-
sults are not statistically significant,

The number of hours after corneal inoculation when the virus

25



TABLE 1

SUMMARY OF HERPES SIMPLEX VIRUS ISOLATIONS FROM THE BLOOD
OF RABBITS AFTER COENEAL INOCULATION

e — — ——
e —————

Hours at Which Blood Samples Were Taken

|

246 48 54 60 66 72 78 84 90 96 102 108 120 132 144 156 168 180
Virus Isolations 10 10 6 13 4 5 O 7 112 0 8 7 7 5 3 3 4
Number of Isola- 16 16 7 16 5 16 2 16 5 16 4 11 11 11 6 6 5 5

tions Attempted

9¢
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was demonstrated in blood specimens of each individual rabbit is shown
in Table 2, The virus was demonstrated in repeated samples which were
obtained at different times from each rabbit. There were times when
virus was not isolated from individual rabbits, In fact, certain blood
specimens were obtained from each rabbit from which virus was not recove
ered, Typical herpetic lesions were not demonstrated on CAM after inoc-
ulation with blood specimens and ocular washings from the 3 control ani-
mals which had been inoculated with BGS.

Nine of the rabbits on which viral dissemination studies were
done died after the development of symptoms indicative of a central ner-
vous system involvement, Six of these were autopsied; The liver of
each was discolored and enlarged, Other organs appeared to be normal
except for the brains which were soft. Herpetic-like lesions were pro-
duced on CAM after inoculation with homogenates of brain, heart, heart's
blood, kidney, liver, lungs and spleen., Isolations of herpes virus from
organ homogenates of individual rabbits are recorded in Table 3. The
virus was demonstrated in all homogenates of rabbit numbers 3, 13 and 14.
However, the virus was not isolated from all homogenates of all the
rabbits.,

The time of death after corneal inoculation as shown in Table
3 is of interest. One rabbit died at approximately 96 hours, 1 at 156
hours, 3 between the twenty-first and twenty-third days and 1 at 3
months, Rabbit number 10 had apparently recovered from the corneal in-
fection and it was being immunized with a formalin inactivated virus in-

fected allantoic fluid suspension. This animal received 3 subcutaneous



TABLE 2

HERPES SIMPLEX VIRUS ISOLATED FROM BLOOD OF
RABBITS AFTER CORNEAL INOCULATION

Animal
Number

Hours at Which Blood Samples Were Taken

24 48 54 60 66 72 78 84 90 96 102 108 120 132 144 156
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Data obtained from Lee H, Riley, Jr., M. D.

K-strain of virus used with this rabbit; the HF strain used with the others.
Controls inoculated with buffered gelatin saline.

Herpetic lesions observed on the choriocallantoic membranes.

No herpetic lesions observed on the chorioallantoic membranes,
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TABLE 3

HERPES SIMPLEX VIRUS ISOLATED FROM ORGAN HOMOGENATES
OF RABBITS WHICH DIED OF ENCEPHALITIS

Presence of Virus in Organ Homogenates
Animal Time of Death
Number After
Inoculation Brain Heart Heart's Kidney Liver Lungs Spleen
Blood
1 96 hrs, + - + - + - +
3 21 days + +
10 3 mos, + - + - + + +
13 21 days + + + + + +
14 23 days + + + + +
19 156 hrs. + - + + + -

+ Herpetic lesions observed on chorioallantoic membranes.
- No herpetic lesions observed on choricallantoic membranes.,

6¢
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injections of this suspension during a 1 week period, The day after the
third injection the animal developed an encephalitis and died. Virus
was isolated from tissue homogenates,

Eleven female rabbits which weiec in the early gestation period
were inoculated with herpes simplex virus by the corneal scarification
method., Typical herpetic lesions were observed on CAM which had been
inoculated with blood specimens that were obtained at 24 and 48 hours
after inoculation of these animals with the herpes virus. The virus was
demonstrated, also, in blood specimens obtained at the time of surgical
removal of the fetuses (54 hours after corneal inoculation of 9 rabbits
and 96 hours after infection of 2 others); as well as in ocular washings
collected 48 hours after experimental infection,

Typical herpetic lesions were produced on CAM after inoculation
with homogenates of fetuses which were removed surgically at 54 or 96
hours after viral inoculation. Results of these studies are recorded in
Table 4. The virus was isolated from homogenates of fetuses of 11 exper-
imentally infected mother rabbits, The age of the fetuses at time of in-
fection of the mother, as shown in Table 4 under the heading "Days Elapsed
between Breeding and Inoculation", was varied but was not, appareatly, an
important factor because homogenates of fetuses from all the experimental
animals contained the virus. When blood specimens, ocular washings and
fetal homogenates from 2 uninfected rabbits were inoculated onto CAM,
typical herpetic lesions were not observed. An interesting example of
recurrent herpes simplex was observed in rabbit number 25. When she de-

livered 3 full term offsprings, this animal suffered a severe recurrent
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TABLE &

HERPES SIMPLEX VIRUS ISOLATED FROM FETAL HOMOGENATES
OF EXPERIMENTALLY INFECTED RABBITS

Days Elapsed Hours After Presence of Virus

Animal between Breeding Inoculation When in Fetal
Number ' and Inoculation  Fetuses Were Removed Homogenates

19 14 54 +

23 7 54 +

24 7 54 +

25 8 54 ~ +

26 8 54 +

27 11 54 +

34 11 54 +

35 13 54 +

36 13 54 +

37 14 96 +

38 14 96 +

+ Herpetic lesions observed on choriocallantoic membranes,
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keratoconjunctivitis of the eye which had previously healed after the
initial corneal infection, Shortly after this, she developed an encepha-
litis and died.

Frozen microscopic sections from fetuses taken from 10 of the
11 rabbits were studied after they were stained with fluorescein-labelled
herpes simplex virus immune serum. When these preparations were examined
by ultra-violet microscopy, areas of yellow-green to green fluorescence
were seen which indicated specific antigen-antibody regction. These
areas of specific reaction were within the tissues of the fetuses and
indicated that herpes simplex virus was present in the tissues, The mor-
phology of the areas of specific fluorescence varied, Small, scattered
fluorescent areas were observed as well as large areas of intense fluores-
cence which probably represanted maximum concentration of the virus,
There was no correlation between the type of microscopic lesion observed
and the age of the fetus at the time of infection of the rabbit. The
time of surgery after the experimental infection apparently did not in-
fluence the observed results, Figures 1 through 10 are phoftomicrographs
of sections of fetal tissues from 5 of the 1l rabbits studied, Two mag-
nifications, 120 X and 516 X are inciuded. The bright white appearing
spots are areas of specific fluorescence while the larger scattered areas
of less intensity are, in part, areas of luminescence from the intense
areas of fluorescence.

No areas of specific fluorescence could be seen in frozen micro-
sections of fetuses takem from uninfected control rabbits stained with

fluorescein labelled herpes simplex immune serum (Figures 1l and 12),
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FIGURE 1

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 34 which was infected with herpes simplex virus 7
days after breeding, (X 120),
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FIGURE 2

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 34 which was infected with herpes simplex virus 7
days after breeding. (X 516).
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FIGURE 3

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 25 which was infected with herpes simplex virus 8
days after breeding. (X 120),
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FIGURE &

A fluorescein-labelled specific antiserum stained section
fetus from rabbit 25 which was infected with herpes simplex virus 8
days after breeding. (X 516),

of
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FIGURE 5

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 37 which was infected with herpes simplex virus 11
days after breeding. (X 120),
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FIGURE 6

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 37 which was inoculated with herpes simplex virus 11
days after breeding. (X 516),
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FIGURE 7

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 27 which was infected with herpes simplex virus 13
days after breeding. (X 120),
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FIGURE 8

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 27 which was inoculated with herpes simplex virus 13
days after breeding., (X 516).
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FIGURE 9

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 36 which was inoculated with herpes simplex virus 14
days after breeding. (X 120),
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FIGURE 10

A fluorescein-labelled specific antiserum stained section of
fetus from rabbit 36 which was inoculated with herpes simplex virus 14
days after breeding., (X 516),
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FIGURE 11

A fluorescein-labelled specific antiserum stained section of
fetus from an uninfected rabbit, (X 120).



FIGURE 12

A fluorescein-labelled specific antiserum stained section of
fetus from an uninfected rabbit. (X 516),
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This test then indicated the absence of virus in the tissues of the con-
trol animals,

In addition to the fetuses from rabbits which were not infected
other controls were included. White Swiss mice were inoculated intra-
cerebrally with herpes simplex virus which had been isolated on CAM from
the blood of an experimentally infected rabbit, This virus produced
death in mice in a manner typical of herpes simplex infection, Frozen
microscopic sections of the brains of uninfected as well as those of in-
fected mice were prepared, stained with fluorescein-labelled antibody and
examined by ultra-violet light microscopy. Areas of specific fluores-
cence, similar to those in the infected fetal sections, were observed in
sections of infected, but not of uninfected; mouse brains (Figures 13
through 16). The chorioallantoic membranes of embryonated hen's eggs
which had been infected with herpes simplex virus isolated from the blood
of experimentally infected rabbits, vaccinia virus infected CAM and un-
infected CAM were also examined by the fluorescent antibody technique.
Whereas areas of specific fluorescence were observed in the herpes sim-
plex virus infected membranes, no specific fluorescence was observed in
the vaccinia virus infected or uninfected membranes. As an additiomal
control; sections of fetuses from herpes simplex virus infected rabbits
stained with unconjugated specific immune serum yielded no evidence of a
specific antigen-antibody reaction in the form of green fluorescence
(Figure 17).

Representative microscopic sections of fetuses of herpes sim-

plex virus infected rabbits were stained by the hematoxylin and eosin
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FIGURE 13

A section of mouse brain infected with herpes simplex virus
and stained with fluorescein-labelled specific antiserum, (X 120).
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FIGURE 14

A section of mouse brain infected with herpes simplex virus
and stained with fluorescein-labelled specific antiserum, (X 516),
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FIGURE 15

Section of uninfected mouse brain which was stained with
fluorescein-labelled specific antigserum, (X 120).
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FIGURE 16

Section of uninfected mouse brain which was stained with
fluorescein-labelled gpecific antiserum, (X 516),



50

FIGURE 17

Unlabelled specific antiserum stained section of fetus from
rabbit 37 which was infected with herpes simplex virus 11 days after
bTEEdingo (x 120).
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method and examined for herpetic inclusion bodies., These preparations
were stained first with fluorescein-labelled specific antiserum and later
stained with hematoxylin and eosin. Typical herpetic inclusion bodies
appear in the nucleus and the cytoplasm of cells as pink masses eaclosed
in a clear halo, Such inclusion bodies as seen in Figures 18 through 20
were observed in representative samples of fetuses from each of the 10
rabbits studied, Multinucleated cells and vacuolated cells were observed
as well as intranuclear andlintracytoplasmic inclusion bodies., A multi-
nucleated cell with several inclusion bodies is showm in Figure 18,

Neutralization tests were performed to aid in the identifica-
tion of the virus isolated from the blood and from the fetuses of experi-
mentally infected rabbits. The infectivity for the CAM of the virus
which was isolated from the blood was greatly reduced in the presence of
specific immune serum as compared with the infectivity of the virus
diluted in BGS. The comparative infectivity titers of the viruses iso-
lated from the blood of rabbit numbers 16 and 17 are shown in Table 5,
The comparative infectivity titers of the viruses isolated from the
fetuses from rabbit numbers 26 and 35 are shown in Table 6, The reduc-
tion of infectivity in the presence of specific immne serum identifies
the virus isolated from the blood and fetuses of infected animals as
herpes simplex virus.

When homogenates of CAM infected with the herpetiform plaque
producing agent, which was isolated from the blood of infected rabbits,
was injected intracerebrally into mice, symptoms of encephalitis were ob-
served, This central nervous system involvement was typical of that pro-

duced by herpes simplex virus,
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FIGURE 18

A hematoxylin and eosin stained section of herpes simplex
virus infected fetus from rabbit 34, Note the multinucleate cells and
the presence of intranuclear inclusion bodies. The slide was first
stained with fluorescein-labelled specific antiserum for fluorescent
studies (Figures 1 & 2). (X 950).
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FIGURE 19

A hematoxylin and eosin stained section of herpes simplex
virus infected fetus from rabbit 27, Note the presence of the intra-
nuclear inclusion body., The slide was first stained with fluorescein-

labelled specific antiserum for fluorescent studies (Figures 7 & 8),
(X 950).
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FIGURE 20

A hematoxylin and eosin stained section of herpes simplex
virus infected fetus from rabbit 37. Note the presence of the intra-
nuclear inclusion bodies. The slide was first stained with fluorescein-

labelled specific antiserum for fluorescent studies (Figures 5 & 6),
(X 950).



TABLE 5

IDENTIFICATION OF HERPES SIMPLEX VIRUS ISOLATED FROM BLOCD
OF RABBITS BY COMPARATIVE INFECTIVITY TITRATIONS

Dilution of Virus
Animal Inoculation
Number on CAM
10 100! 1002 1003 10% 100> 1000® 1077 1078
Virus-Antiserum ettt -t +++ ++ + - - - -
Mixture
16
Virus-Saline R ++4++ ++4++ b4 +4++ ++ + - -
Mixture
Virus-Antiserum R ot N +t - - - - -
Mixture
17
Virus-Saline bt +44+ +44 ++ +4 + - - -
Mixture

CAM Chorioallantoic membranes.
++++ More than 25 plaques observed on CAM,
+++ From 16-25 plaques observed on CAM.
++ From 6-15 plaques observed on CAM,
+ From 1-5 plaques observed on CAM,
- No plaques observed on CAM,

199



TABLE 6

IDENTIFICATION OF HERPES STMPLEX VIRUS ISOLATED FROM FETAL HOMOGENATES
OF RABBITS BY COMPARATIVE INFECTIVITY TITRATIONS

Dilution of Virus
Animal Inoculation
Number on CAM
10° 10! 102 1073 107% 107 107® 1077 1078
Virus-Antiserum bt +ott 4 ++4 ++ + - - -
Mixture
26
Virus-Saline ot +4+4 44 Ht+t +4tt +++ ++ + -
Mixture
Virus-Antiserum 4t +4++ ++ + + - - - -
Mixture
35
Virus-Saline 4 +++4 +4+4 ++ + + + - -
Mixture

CAM Chorioallantoic membranes,

b+

More than 25 plaques observed on CAM,
+++ From 16-25 plaques observed on CAM,

++ From 6-15 plaques observed on CAM,
+ From 1-5 plaques observed on CAM,

- No plaques observed on CAM,

96



CHAPTER IV
DISCUSSION

The demonstration of the virus in the blood of 16 rabbits after
establishment of experimental infection with herpes simplex virus proves
conclusively that a regularly occurring viremia can exist during certain
stages of the disease, An optimal time for the demonstration of the
viremia cannot be stated because of the variation of the numbers of iso-
lation attempts at the various time intervals, This lack of statistical
validity can only be overcome by the use of large numbers of specimens
at each time interval., The results indicate that while the viremia may
be transient, it is not accidental. The total duration of the viremia
is not knownj the virus was present in the 180 hour blood specimens of 4
of 5 rabbits tested., It is possible that the eventual disappearance of
the virus from the blood of these experimentally infected animals can be
correlated with the appearance of an effective concentration of specific
herpes simplex antibodies in the blood,

When Bedson (1931) used a formalized suspension of herpes sim~
plex virus to immunize guinea pigs, antibodies appeared in 7 to 8 days.
Burnet and Lush (1939) reported that antibodies to herpes simplex virus
appeared on the seventh day after intracerebral inoculation of mice with
the virus, By use of the neutralization test Florman and Trader (1947)

57
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determined that a significant titer of herpes virus antibody occurred
from 3 to 6 weeks in rabbits which had been infected with the virus by
the corneal scarification method. Buddingh; et al. (1953) examined the
gserums from blood specimens of children who were suffering from a severe
stomatitis on admission to the hospital., The investigators demonstrated
the appearance of herpes simplex virus antibodies from the fourth to the
seventh day after the appearance of the clinical lesion. The exact time
when these antibodies first appear has not been established; that is,
the duration of time from inoculation (incubation period plus acute phase
in a clinical disease) until antibodies are demonstrable. Such a study
would aid in explaining the disappearance of wvirus from the blood.

There is evidence derived from studies of laboratory animal
and human infections that other viruses are spread by the blood. Cheatham
(1953) confirmed the idea that the virus of herpes zoster is spread by
the blood stream from local lesions to areas throughout the body. Kilham
(1949) postulated that mumps virus encephalitis resulted from the hema-
togenous dissemination of the virus from the parotid glands to the cen-
tral nervous system, Shaffer, et al. (1941) infected children by inoc-
culating them with blood from patients in the early stages of rubella
infection, Bodian (1954) and Horstman (1952) reported the existence of
a viremia stage in animals which had been experimentally infected with
the poliomyelitis virus. The reports of these investigators together -
with the evidence submitted in this report emphasize the fact that the
hematogenous dissemination of viruses from the site of primary infection

to other parts of the body is of great importance in some of the disease
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manifestations which result from viral infections.

From the present study further evidence of the significance of
the hematogenous spread of the herpes virus is obtained from demonstra-
tion of the virus in homogenates of tissues and organs of rabbits which
died of herpetic encephalitis, However, it should be pointed out that,
although the virus was isolated from these homogenates, its presence in
foci of infection within the tissue cells was not confirmed. It is pos-
sible that the virus was present in the residual blood in the organs.
Reports of fatal hepatitis infections of infants and demonstration of
herpetic inclusion bodies in the liver cells of these children, together
with the gross pathological involvement of the livers of the rabbits
studied here, seem to indicate that the virus was carried to the organs
by the blood stream,

The role of circulating antibodies in the prevention of recur-
rent attacks of this disease has not been adequately studied. Brain (1932)
and Jawetz, et al. (1952) have shown that there is no correlation between
the titer of neutralizing antibody and the severity of recurrent infec-
tions, The titers of antibody of rabbit numbers 10 and 25 were not deter-
mined; however, a recurrent infection occurred in each as demonstrated
by viral isolation. The recovery from the primary infection and the
healthy appearance of these animals between the primary and secondary
attacks gave no evidence of continuing infection. The herpes virus must
have been dormant in the tissues of these rabbits after recovery from
the primary infection. The immunization process which may have involved

a hypersensitization to the virus inoculum may have been the precipita-
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ting factor in the recurrent disease in rabbit number 10 while the stress
of the natural birth process may have played a similar role with rabbit
number 25, These same factors have been implicated in recurrent infec-
tions in human beings along with other triggering mechanisms such as
fever, shock, menstruation and emotionai disturbance.

Herpes simplex virus was recovered from homogenates of fetuses
of experimentally infected pregnant rabbits by the choriocallantoic mem-
brane inoculation method. To prove that the virus was present in the
fetal tissue, histochemical techniques were used, Fluorescent antibody
studies produced evidence that the virus was present in sections of the
tissues of the infected fetuses., Sites of specificity were observed to
be yellow-green to green fluorescent areas where antigen-antibody reac-
tions occurred. Certain controls demonstrated the specificity of the
fluorescence, Sections of herpes simplex virus infected mouse brain,
when treated in the same manner as the sections of infected fetuses,
gave similar results. No evidence of specific fluorescence was seen in
sections of uninfected fetuses and mouse brains, No areas of specific
fluorescence were observed when vaccinia infected and uninfected chorio-
allantoic membranes were treated with fluorescein-labelled herpes simplex

‘immune serum and examined under ultra-violet microscopy. Significantly,
herpes simplex virus infected chick embryo membranes showed areas of
specific antigen-antibody reaction by this technique. To demonstrate
further the specificity of this technique, sections of herpes virus in-
fected fetuses were treated with unconjugated specific antiserum. Exami-

nation of these sections revealed no fluorescence. Thus the reliability
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of this method as a research tool and diagnostic aid is definitely es-
tablished. Although the virus was demonstrated to be present in the tis-
sues of the fetuses, the type of cell or tissue infected was not deter-
mined,

The demonstration of the invasion and infection of fetal tis-
sue by this virus was further substantiated by the demonstration of her-
petic inclusion bodies in restained sections of fetuses in which specific
fluorescence had been observed, Thus, the classical methods of isolation
and identification of a virus (the neutralization tests, the demonstra-
tion of herpetic inclusion bodies and the isolation of the virus on the
chorioallantoic membranes of developing chick embryos) have been satis-
fied and the results obtained by the fluorescent antibody technique have
been confirmed.

The demonstration of the invasion of fetal tissues of pregnant
rabbits by herpes simplex virus gives further evidence of the role which
hematogenous dissemination of the virus may play. It also suggests an-
other possible etiologic agent of disease, including congenital malfor-
mations, in newborn infants., Fetal anomalies which resulted from the
infection of pregnant mothers with other viruses have been described.
Gregg (1941, 1945), Swan (1944, 1949), Swan, et al. (1944), and Swan, et
al. (1943) and many other workers have presented overwhelming clinical
and epidemiological evidence which has incriminated the rubella virus as
a major cause of congenital anomalies. Fox, et al. (1948) and Holowach,
et al, (1957) reported that maternal measles, mumps and chickenpox infec-

tions during pregnancy cause abortion and unilateral hairlip in infants.
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Freudenberg, et al. (1952) isolated Coxsackie virus from a myositis of
the hip of an infant undergoing repairative surgery to correct a bilater=-
al hip malformation, With this evidence it is possible to postulate that
some of the abortions and malformations of infants might result from
herpes simplex virus recurrent infections of the mother. These recurren-
ces may not be evident to the patient since, in general, the population
is unaware that "fever blisters" are manifestations of a viral infection.
Clinical and epidemiologic studies might yield further information on
the effect of maternal herpes simplex infections on the umborn child,
If herpes simplex virus is responsible for congenital anomalies, the
demonstration of the type of fetal tissue for which it may have an affin-
ity could prove of value in forecasting the type of malformation to

expect,



CHAPTER V
SUMMARY

A regularly occurring viremia was demonstrated in 16 rabbits,
which had been inoculated on the scarified cornea with herpes simplex
virus, The presence of the virus in the blood of the animals was proved
by chorioallantoic membrane (CAM) and mouse inoculation techniques, No
virus was recovered from the blood of control rabbits inoculated with
buffered gelatin saline.

Typical herpetic lesions were observed on CAM after inoculation
with homogenates of organs obtained from 6 rabbits which died from her-
petic encephalitis,

Eleven pregnant rabbits were inoculated with the herpes virus
on the scarified cornea of the eye. Fetuses from these animals were re-
moved surgically and examined for the presence of the virus. The virus
was demonstrated by the formation of herpes simplex plaques on the CAM
and by specific fluorescence observed in fluorescein-labelled antibody
stained tissue sections of fetuses from 10 of the rabbits., In the same
fluorescein stained sections the presence of typical herpetic inclusion
bodies in hematoxylin and eosin stai.ed sections demonstrated that foci
of viral infection existed in the tissue. The homogenates of fetuses
from uninfected rabbits did not produce lesions on the CAM and fluores-

63
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cein-stained sections of uninfected fetuses did not contain areas of
specific fluorescence. The infectivity for the CAM of the viruses which
were isolated frum the blood and fetuses were greatly reduced in the
presence of specific immune serum, This proved that the viruses isolated

were herpes simplex virus,
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