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| . Chapter I.

INTRODUCTION

Human herpesviruses are capable of causing a chronic

infection in a Susceptible host, but little is known about the

specific host-virus relationship such as the mode of persistence |

and the immunological response.
This thesis is based on a study of human herpesvirus in-

fections and is presented in two parts. In part one, experi-
/

mental/infection of the rabbit cornea by Herpes simplex with
i E - . . Ll P

.resultant~physical and immunological effects is described. In

part two, a study of the comparative immunological response to

‘the human herpesviruses in patients receiving chemdtherapy for .

ovarian malignancy is described. Appropriate discussion and

conclusions based on the experimental evidence are presented.

.
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Chapter- II.

RABBIT STUDY

Review of Literature

Herpesviruses have-several characteristic properties. A
mature virus particle consists of a genome of DNA surroundedrby

an icosahedral capsid;composed‘offl62 capsomeres. The,viius, S

is assembled within the nuciéus of the host cell. Most herpes-
virus particles become enclosed in a lipid-éontaininéVEnvéloéei"
derived from the host cell membréne.' The total diameter of an-
enveloped particle ranges from 150- 200 mu. Agents w1th these 
biological, physical and chemical properties have Eeen isolated |
from a number of animal Sﬁecies; these-agents are now classi-
fied.together,as'hémbéTs of the HerpesQiruerroup

in this group are: B -virus of rhesus and cynomolgus‘monkeys, o

SA8 of vervet monkeys; Squirrel monkey herpesvirus; SA6-a

cytomegalo-like virus of vervet monkeys; Equine herpesvirugeéi”'

Type 1 and 2, Infectlous ‘bovine rhlnotracheltls Vlrus, Pseudo-

rables virus of p1gs, Cat rhlnotrach61tls v1rus, Dog herpes-“'

virus; Guinea pig cytom 'aioVirus;‘Mouse‘c“tomé'alovifUS:'
, pig

Infectious'laryngbtracheitis'virus'of_ghitkéns.“
/
are four - known.human h§Tpesv1ruses

Td"date there

Herpes simplex virus - .

;20 - 7 h - e V .A . : , e .

Includedﬂ_dy ;f -
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Type 1; Aerpes simplex virus - Type 2; Varicella-Zoster virus;

Human cytbmegalovirus. : 7 .

Herpesviruses have a predilection for tissues derived from
embryonic gctoderm; they frequently‘infect the eye, skin,
mucous membraHQ§,,mucocutgne0u$”jpnctibnsf(genitai’éﬁdflabial)‘
and the'qéntral nervous system. Generalized infections involv-
‘ing all the body tissues occur in newborns, who appear to be

more susceptible to infection~by herpesvirus than adults.

The persistence of Herpes simplex virus following primary |~

infection, and the ability of this agent to reappear repeat-

edly, even in the presence of circulating antibody, have long -
[ - |

been récognized. -?érhaps all hetrpesviruses can produce a _'fi~

chronic* infection in their host. Only 10-15% of primary-in- - -
fections result in clinicélly recognized Herpes simplex (45),

yet neutralizing antibody titers*td“Herpes simplex virus were

found in 80-90% of 591-patients, fifteen years of age or oi&ér;

most of whom had no history of herpetic disease (4).- Somewhat - -

lowerrfigureg,ﬁgr,an;ibody%in@idenée’were;r6pdrted4by;Scott;a*-~

(45).

Some woryeié;rin direct opposition to the theory of -

"chronic infection', believe reappearance of Herpes simplex, - .}

* In this thesis, the term chronic infection will refer to
L e s '
persistence of virus (either active or inactive) within-a - ———

susceptible host.
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tious bovine rhinotracheitis virus has recently been reviewed

?,V1rus. ‘The virus ordlnarlly causes chlckenpox in susceptlble

" children and shingles in people previously infected with - ‘ﬁ

"appear to be capable of precipitating clinical zostér. (2) There

’of'recurient'shingles'énd'chrdhic infeqtions with’Herpes ”fi -

as well as persistence of antibody, is caused by reihfection
with Herpes simplex virus. There isbnd sﬁbstan;ial evidencev
to support the theory of "reinfection". 1In addition, one would
find it very difficult to explain the reappearahce of lesions
at the same anatomical site. R

The persistence of other herpesviruses, varicella-zoster

virus, human cytomegalovirus, equine herpesviruses and . infec-

(35).- The etiological agent of shingles and chickenpox, two

dlfferent clinical entities, is Herpes zoster (varlcella)

Varicella-Zoster virus. Two explanatiohérfpr feéﬁrfegt#ngigrv
cella-Zoster virus hgvg‘bggn proposedf (1)’Reac§i#atggn of

virus which has lain dormant in the dorsal ganglia éiﬁce child-
hood chickehpox or (2) Relnfectlon of a partlally 1mmune adult.

Ev1dence to support the reactlvatlon theory includes: 7(1) Ad-

mlnlstrathn,ofwcertaln drugs or the presence of certain tumors

is no documented occurrence of zoster following contact with
chickenpox, though the reverse occurs. A parallel may be drawn

between*thé behavior of Varice{la-Zoster-virusfwithAprﬂdpctiOﬁw-w

/
51mp1ex virus w1th production of recurrent. 1e51ons.‘

L 4. T
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| were observed in the.saliVary’gléndé of 10-32%

.children with CID (28) agéin'Sugéests chronic-infection.

4 the most commoniy recognize&'é&mpfomatic form-of disease in an

_an out51de,source.‘7Le LTI P

Fifty to eighty percent of the adult ‘population possess -
antibod} to huﬁan cytomegaloViruS”wifhout.prior detectable
olinical disease (51,40). Cytomegalic rotranueleariinc;usionsi;
- 7 7 of unselected -

autopsies of infants (57). The maior"5liﬁical’sighifiténcé~cf?f

- human- cytomegalov&rus is invasion of the fetus resulting in —

"abortion (47) or the cllnlcal syndrome CID (Cytomegallc Inclu-

sion Disease) (53, 28) This: syndrome CID is- characterlzedwby

1nvolvement ef ‘the central ‘nervous- system and of the retlculo-"

endothelial and hematoporetlo system. Prolonged excretion of

the virus into-urine of adults, especially women bearing-

the postnatal period the disease is manifested by chronic -
hepatitis (17) or acufe hemolytic- anemia -(58). - Pneumonia-is

adult (56).

megalov1rus 1nfec%iens occur-after renal transplantatlon?‘
cytomegalovzurla,was~reported~1nr65
recipients énd’eytomegéiioioeiie;ﬁere‘fooﬁd inAIheAluhgseéh&.
other organs o£v529 ofeaﬁtoosied recipients'(37) - Immunosup-'

pressive therapy was glven to these rec1p1ents 'so a110w1ng

“‘activation of. per51stent cytomegalov1rus, or 1nfect10n from

iIn'i;;“

A h1gh prevalence of c11n1ca11y detectable cyto- S

6“of'renal~transplant“*"“*i




‘Evidence for chronic infections of animals bf hérpes-
‘viruses has also been reported. The invasion of the human fetus
by cytomegalovirus is analogous to fetal horse invasion by
Equine herpesvirus-Type 1. Abortions have been known to occur
in horses possessing circulat;ng antibody, even in the absence
of an epidemic (9). IBR (Infectious bovine rhinotracheitis)
virus can cause genital, as well as other infections, in its
host. Snowden (48) isolated IBR virus from the vagina of a cow
on two occasions separated by eleven months. It is conceivable
that IBR virus also produces chronic infections.

The form of Herpes simplex virus during its quiescent
phase and the processes involved in its emergence have not
been determined. The virus may persist in latent” form.

By analogy with lysogenic bacteria, the viral genome may
become associated with the chromosome of a susceptible .
cell and produce little or no complete virus. Doerr (8)
and Burnet and Williams (5) suggested that herpesvirus is
retained in the body after the initial infection, and
recurs, with the formation of lesions, after reactivation.

Evidence has accumulated of viral reactivation by such

[

* In this thesis, the term latent infection will refer to
persistence of inactive virus within a susceptible host,

undetectable by present day methods.

6.

-
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“could not be demonstrated{in"human'sKIﬁPSETaﬁings'tékén'ffSﬁ*'

stimuli as fever, nerve injury, menstruation, ete. (6); Aon thé '
other hand, continuous multiplication of Herpes simplex wirﬁS; _
may occur. The virus may be present in a fully infective”form¥;,
but at subfclinical levels, cqnseguently the usual methods_ef‘

detecting virus would be inadequate. = -

Locélizatiqnngf_ﬁerpesksimplex virus in susceptible

tissue in man has been ill defined. Skin, sensory ganglia. or

sensory nerve-endings'have been suggested as a pdssible site of
persistence. Attempts to demonstrate. virus in-affected skin

areas between recurrent episodes have been fruitless. Virus

sites of former lesions (12). Neither could virus be isolated
from affected,tissues grown in vitro (tissue culture) and
exposed to ultraviolet light or hydrocortisone or alternately'i

propagated for five months (4IT.

Varlous 1nvest1gators have suggested that v1rus can per51st

in the sensory ganglla,.ln v1ew of the frequent reappearance

of herpetic 1eslons:Qn”the,face,and%the_assoc1at10n of,posta L
operative herpetic lesions”foilowiné nerne’roqt“sectioninéZ'
(11,6),;5The few ettempts”toeisolatehHerpes simplenwnirns ffon
the Gasserian ganglion'haveﬂbeen~negative (ﬁjiﬁjifiﬁvidehce‘tq’"
support thevpessibilityfof Herpes simpiex'virus'loealizetion-

in thls gangllon has ‘been prov1ded by~ laboratory anlmals

infected intranasally. The results of thls study suggest that“
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virus ascends the trigeminal nerve to the hrain,uwith viral
antigen subSequently appearing in the ganglion cells. (21).-
Other observations also suggest _Herpes simplex VirusLlocaliza-

tion in sensory nerve ganglla following the 1n1t1a1 1nfect10n,

a zoster- like dlstrlbutlon of herpetlc 1e51ons can be 1nduced

in rabbits by tarrlng adJacent skin prior tovlntradermal

inoculation. Virus has been demonstrated in the corresponding

splnal ganglla (52).

Ev1dence agalnst locallzatlon of the virus in the sensory

nerve endlngs or skin of»humans has been prov1ded by excisional

~ studies (50). - When skin (full thickness) from_a 51te of a

prlmary 1nfect10n was -transplanted to a ‘normal site, and a —ri,:

pyrogen was g1ven parenterally, the ‘transplant site remained
unaffected wh11e the intact Skln adJacentrto the prlmary~51te”
developed Iesions. In another~case,ffu11:thickness"skin'was
removed from a prlmary site and a graft 1nserted - Two yeafS'jf'

later recurrent 1e51ons appeared in the skin adJacent to the

e

graft but not in the graft 1tse1f (Klbrlck<ﬂunpub115hed) SR

Experlmental studles of chronlc 1nfect10ns by Herpes ;f',
simplex virus appear to be confined malnly to the rabblt
because when inoculated a prlmary 1nfect10n develops and—- p

"reactlvatlon"'occurs 51m11ar to the 1nfect10n produced -in--man.

Grutar, for example‘_ln 1912 demonstrated that v1rus 1solated~w~~

from dendrltlc ulcers of the human eye could when 1nocu1ated

8.
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chronic encephalltls or herpetlc keratltls,'respectlvely, has

“been experimentally produced

. could be a manlfestatlon of-arreactxvated 1nfect10n‘ Rabblts'ﬂ

onto rabbit corneas, produce lesions 51mllar to those seen in

man (27). Studles of chronlc 1nfect10ns in the rabblt have

been confined mainly to the.central nervous system,andrthe eye;

Observations of spontaneous acute encephalltls 1n rabblts,

six months after recovery from an 1ntratest1cular 1noculat10n

w1th Herpes 51mp1ex v1rus, have been reported (32) A decade

later, Good and Campbell (13 14) suggested that encephalltlsi

were sensitized to egg whlte, then immunized 1ntramuscu1ar1y

A

which had completely recovered and those who had never shown
signs of 1nfect10n _were subJected to anaphylactlc shock.
Encephalitis waSWprec1pltatedW19 times in 16 rabbits.  Isola="""

t10n of v1rus was:: successful from ‘the central nervousfsystem'&fi

after anaphylactlcally 1nduced encephalltlskand also durlng

qulescence and spontaneous exacerbatlons of encephalltls.:ds

Using the same experimental model, Schmidt and. Rasmussen.(44) ..
produced encephalltls in the1r anlmals by 1nJectlon of~ep1ne—¥~
phrlne. They 1noculated rabblts, 1ntramuscular1y and agaln S

after one month 1ntracerebrally w1th,Herpes‘slmplex v1rus-;,,’

Type 1,; Eplnephrlne;was administered to»lOvrabblts,~oneAtomfire-

months after-thefchailenge dose; 6,rabbitsﬁdeveloped'fatal"

fW1th 1nfect1ve v1rus. After one. to three;months, those rabbltS%;;,~a



‘encephalltls The authors were able to isolate Herpes simplex

virus from cultures of the lower spinal cord and nerve root of -

following questlons arise: Does herpesv1rus continuously

does 1nfect1ve V1rus release occur only after an appropriate
vhave attempted to answer some of,these questlons."

‘corneas was induced by a corneal Arthus reaction (1) V1rus

virus from 6 of 8 control rabbits prev1ously inoculated with
virus but subsequently not given epinephrine Plummer and

Phuangsab (personal communication) were able to 1solate virus _

. from lower sp1nal cord and nerve root cultures from rabbits — -t

which were sacrificed two to three months after intramuscular
inoculation with either Herpes-simplex Virus-Type’l oer-
whether or not they were prev1ously stimulated with eplnephrine

Plummer et al. (34) report that it is possible to isolate -

rabbits'immediately after primary inoculation of Herpes‘simplex_‘

/
/

virusLTYpe,Z without subsequent epinephrine administration. ',%_;;

The results appear to conflrm the per51stence of herpesv1rus -in

the central nervous system, but - leave much confus1on The

multlply in susceptible tissue? If so, can virus. be- 1solated

at all times 051ng an _appropriate system7' Alternatively,

stimulation? Subsequent studles of the 1nfected rabbit eye

"Reactivation" of Herpes 51mp1ex v1rus 1n healed rabbit

-

was 1noculatedronto~the corneaeof 8'rabb1ts. ‘The anlmals were "

sens1tized to horse serum after the 1n1t1a1 healing of the




- Kaufman,et aZ~Q(23) concluded that continuous virus'multipli-

‘corneal lesion A corneal Arthus reactlon was 1nduced in the
" left eye 2-3 ‘times w1th1n a two.and a half to six month—perlod
after virus ‘inoculation. Reactlvatlon occurred w1th1n fourteen '

days in 7 of 19 attempts. Spontaneous release of v1rus occurred

~mately 4%) attempts to -isolate virus, but not durlng the four-
teen day post -Arthus perlod. These results support earller
reports of persistence of virus,”hut suggest the;need,to:egtend
these studies before one can state definitely whether release . -
of infectious virus requires a particuiar-stimulusdor Whether:

it is a spontaneous event.

As a resulthf;studies with Herpes simplex virus in rabbitf§r~“

eyes,. two rival hypotheses have been formulated.r Laibson,andgn

Kibrick (25, 26) suggest that herpesvirus does indeed- per51st,r

and requires actlvatlon by an approprlate stlmulus. They found

that they.could;rarely;isolate Virus,from the eyes of their . ..-

rabbits after the initial virus activity had subsided. But,

they couldrisolate;yirus”aftgr,”reactivationﬂ,with;epinephrine£u;,,"

-As also‘reported~by'AnderSOn et al. (1) 5 spontaneous virus

release occurred only occasionally. In marked contrast e

cation- in structures such as the 1acr1mal and sallvary glands*

may cause recurrent herpetic dlsease, they reported frequent

~(at least 3 episodes per rabblt w1th1n'a two ‘month perlod),;,

11.




release of Herpes 51mp1ex virus in rabblts.

oS AN ’W \f’z‘ AT

questlons

spontaneous virus releases from the eyes of 15 rabbits without -

prior stimulation. In support of Kaufman's findings, the

report by Nesburn (30) confirmed the occurrence of spontaneous

Each new f1nd1ng seems to answer one questlon and raise
two or three others.

the fact of per51stence of Herpes simplex virus in vivo. :The

yvarled results obtained by Lalbson and K1br1ck (25 26) " and by

Kaufman (23) are 1ndeed puzzllng, partlcularly in 11ght of the

fact that both groups used the same straln of virus and 51m11ar

1t would be

experlmental conditions. If Kaufman is correct,

’ . »

‘d1ff1cu1t to- demonstrate p051t1ve1y ‘that ep1nephr1ne does in

fact-actlvate Herpes simplex virus as Laibson and Kibrick have

reported. Kaufman has suggested (24) that epinephrine does

not actually actlvate virus, but only causes further damage _

to pre ex1st1ng~&e510ns'created by the virus. 77H71;,75bi,v;;;¢3

~In” this the51s I have attempted to answer the follcw1ng

(1) Can 1nfect1ve herpesv1rus be detected i

chronlcally infected tissue, speC1f1cally the rabblt_eye,,

(2) Can ep1nephr1ne_'”

w1thout prlor art1f1c1al st1mu1at10n7

activate v1rus? (3) Do herpesv1ruses Types 1 and 2. differ in

the nature of the chronic infection they cause in the rabbit

eye, and (4) what fluctuations. jn antibody levels can be

vobserved in the experimental»rabbits?”‘_,

Investlgatlons, to date, have establlshed

A




Materials and Methods

Viruses

Herpes simplex virus-Type 1,‘strain 197, passage level
approximately 4 (supplied\by Communicable Disease Center, .
Atlanta, Geofgia) and Type 2, strain MS, passage level approxi-
materly 16 (supplied by Gudnadottir; refer to Gudna@ottir
et al. [16]) wére grown in rabbit kidney tiséue cultures and
subséquently‘in human lung fibroblast tissue cultures obtaiﬁed
from Microbiological Associates, Bethesda, Maryland. Herpes
simplex virus-Type 1, strain Rodanus, passage level 27 (sup-
plied by S. Kibrick; Boston University, Boston, Massachusetts)
was grown in human amnion and subsequently in rabbit kidney

tissue cultures.

Virus Assay

Virus was titered in rabbit kidney tissue cultures by the
plaque technique using 60 x 15 mm sterile petri dishes, #3002
(Falcon Plastics, Los Angeles, California). Viral suspensions
were serially diluted (ten-fold) in 199 maintenance medium.
From each dilution, 0.2 ml was adsorbed onto a rabbit kidney
tissue culture plate‘fortls min, shaking once after 10 min.

The plates were then overlayed with methocel (méthylcellulose,

1500 centipois, Fisher Scientific, Chicago, Illinois) medium

13.
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Tlssue Culture Med1a :

'Blolog1ca1 Company, Grand Island, New York) supplemented w1th

/ .
f»follow1ng addltlons were- requlred 0.3 mg/ml unmodified - - —} -

'-Company) and 0.5 ug/ml funglzone (E.: R. Squlbb & Sons, New York)

| ’Company) suff1c1ent to glve a-final concentratlon of O 15 and

[

|

and incubated in a 5% COZ;atmosphere at'37'C for 48 hrs Plaques
were-counted”microscopically “The f1na1 t1ters are expressed

as plaque form1ng un1ts (PFU) per 0. 2 ml. . All assays were‘

run in dupl1cate

A commerc1al preparat1on of Medlum 199 (Grand Island

am1no ac1ds, glucose, v1tam1ns, nucle1c ac1ds, required growth

factors, 1ntermed1ary metabolites and phenol red, combined in. _

an Earle's balanced salt solution base was employed The

o
N

glutamine without NaHCOz (E1i Lilly § Company, Indianapolis, .
Indiana), 100 units/ml buffered potassium penicillin G—(Elfmi -------

Lilly §& Company), 100 ug/ml streptomyc1n sulfate (E11 L111y &

In1t1ator medla, which supports cellular prollferat1on B
was_ used in prepar1ng prlmary “tissue cultures The followrng
additions to the basic medla descrlbed above are requ1red, WW;Q;_;

NaHCOz3 solutlon plus lamb serum (Grand Island B1olog1cal

10 %5 respectlvely Ma1ntenance medla, wh1ch is de51gned to.
permlt metabollsm of cells but not cellular prollferatlon, was.

used to ma1nta1n tlssue cultures after a monolayer was-

14. .




established. Thevmedia_included 0.18% NaHCO3 solution;and;f_
3% fetal calfﬁserum-(Grand Island,Biological'Companpj PlU§etne»—
supplemented Medium 199 previously described.

Overlay medla for plaque assay 1ncluded 2 56 methyl-

cellulose 1nima;ntenance medla.

Preparation of Rabbit Kidney Tissue Cultureshl'b

Primary rabbit kldney tissue cultires were prepared as o

e e o -

’follows. Approx1mately 3 week old New Zealand a1b1no rabblts
(supplied by Abrams Small>Stock Breeders)VChicago,_Illinois)d:m'ﬂt
were sacrificed ~ The kidneys were excised and finely miﬁced-%=vfam

. One palr of minced kidneys along with 25 ml of 2.5% pancreatlc V =
i . . L ‘% A
A

'tryps1n in normal sal1nes(D1fcocLaborator1es, Detr01t B e
Michigan) were added to a tryp51nlzat10n flask and placed on

a magnetlc st;rrerffor 30 m1na The tryps1n -cell suspen51on | ff:;;;
wasithen centrifugedifor'lo minrat SOO X g in- an‘Internatlonalilr'%%ﬂt

- Centrifuge with'a,swlnging:bucket head. The sedlment wasé.-f~w'ff?

suspended in 400 mllof initiator“mediarand‘dispensed as desired, |- -

2 ml per 16 x 150 mm . tube (Sc1ent1f1c Products, Chlcago,l

Ill1n01s) with asnumber 'O' rubber stopper -(Aloe. Sc1ent1fac, S —
k_ischiller Park; Illinois) or Sfmlrper 60 x lslmmrpetriwdishm;—elr—~i; .

(Falcon Plastlcs) Tlssue culture monolayers were refed as - -

vneeded w1th l 5 ml of malntenance medla per. tube or..5 ml of

'_ma1ntenance medla per dish. y;

15.
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Human Cellsl

Tubes of human epithelial tissue culture‘were'obtaiﬁed

from Microbiological Associates.

Virus Stock

‘Virus stocks were grown in 500 ml capacity Blake Bottles

(Bellco Glass Company, Vineland, New’JerseyI centaining'a mono -

layer of e1ther “human fibroblast or rabbit kldneyﬂcells. V:Lrus~

was adsorbed»onto a tissue culture. for 15 min, shaking once -

'after 10 min. The monolayer “was then covered with 50 ml of

malntenance medla and the bottle was tlghtly sealed w1th a

. number 150 rubber,stopper’(Aloé‘Sc1ent1f1c)Aand placedran,a =170

36 C incubator for 48 hr. ?iruétpertlelesmﬁefe-teieéeed;ffem;J

the cells by freeze-thawing. The fluid containing the virus

was centrifuged*forrlo'min'at 500 X"g”(Ihternation31'Centrifuge""
MWith’e-SWinging bucket head). The supernatant was 1mmed1ate1y

‘ placed in ampoules ‘in 0. 5 - 1 0 ml Volumes, sealed and stored

Neutralization Test - i

~>Neuttalizationrcurteszéesexibe&:by;Piﬁmmera(33§£we}e<uSEd5

: to test for serologlcal dlfferences between stralns of- Herpes,

simplex v1rus-Types-1 and 2. Experlmentsﬁwere“performedju51ng

Medium_199 diluent, One_ml ofVVirusNSUSpensibn cohtaining

approx1mately 1000 PFU was mlxed w1th 1.0 ml of-antlserum e
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A - Hospital Supply Company, Evanston, 1111n015), and ‘was examlned‘

- Rabblt Inoculatlon ..

(supplied by J. Waner). The mixeure_wes kept in e 37 CAweter
bath and‘assayed fo,ViTUS'at 5 min;‘ZO.miﬁ‘end~4O-min.VHA”-
‘control tube, consisting of 1.0 ml of the same virus suspension-
mixed with 1.0 ml Qf.Medium 199 diluenf,,was incubated with‘

the test prepafétibnt~’The control wes,aSSayedhét JO;‘time _

and agaiﬁﬁat 40 min. _Rabbit . kidney tissue culfuresrgrowh in-
60 x 15 mm~petfi dishes were used-for plaque assays with a-~

2.5% methylcellulp_se overlay media. - - - =

Unllateral corneal infections were establlshed in young
adult, New Zealand alblno rabblts welghlng approx1mate1y 2 kg
(Abrams Small Stock Breeders Chlcago,_1111n01s) Approxlmateiy

0.1 ml of v1rus suspen51on contalnlng 5. 6 Loglo PFU/O 2 ml.

—

was 1ntrqduced_}ptoﬁ£he Jowerﬂcul-de-saC~of theerabblt eye and |-

the lids were held shut for 30 sec (25). The—followingerégiméﬁff

was employed Bvery»other day,'the prelnoculaied eyemoiLeach 2 :»;f ’

rabblt was swabbed. u51ng a ster11e medlum cotton tlpped appll-m

cator stlck (Tomac appllcator sticks supplled by American ﬂ;;},;

. for ocular damage The rabb1ts~rap1d1yfbecame*atcustomed—to

‘thls.procedure,“thUSéellmlﬁﬁtlngwthe necess;;zqur;toplealAiA

cul-de-sac,>tﬁenfsweptAacross\the)cormeaeinteithe'upper_"ifff
cul-de-sac, remqvedjend placed directly into a tube of rabbit

o 17.

1

- anesthesia. ~One-or two swabs were rotated “in-the lower - ===} - -
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- cultures were examined every other day for characteristic

- isolate was frozen at -70 C until a positive identification

_was made using the neutralization test.-

-

kidney and/or human epithelial tissue culture(s). The tissue

An

cytopathogenic effect produced by Herpes simplex virus.

Tissue cultures were - |-

maintained for 2 weeks before they were considered negative.

,§p1nephr1ne (Adrenalln)

~virus cultures.

Ep1nephr1ne was adm1n15tered after complete recovery of
the-pr1mary 1nfect1on,

Epinephrine in’peanut 0il 1:500,

0.5 ml was injectedAintramuScularly into the hind thigh'on;l~¥

zfmg/mlruuar

three consecutive days.

1'1000

Alternativel§;,epinephrine,'aqueouélifl

;flve t1mes Wlthln _twWo™ days aS“follows‘

absence‘of"lnflammat1on»andrnegatlve .

1 mg/ml (Parke, Davis § Company) was admlnlstered owaiin

Tinag

‘(Parke,'Davisla,Company,“Detroit,~Michigan):waS‘used as followst]

1ntervals thereafter,

‘and frozen at -20 C for future use or prepared for use in the o

0 2 ml was~1n3ected~»-£
1ntramuscu1arly into the h1nd thlgh and 0.6 ml ‘was lnjected

Subcutaneously rléi,f - 3,7f;;47; S - ;,:_ L

Complement leatlon Test

Rabb1ts, prev1ously infected With HerpeSXSimplex virus,

were bled both before 1nocu1at10n of ep1nephr1ne and at perlodlc

Serum was elther placed 1n ampoules
A

complement f1xat1on test.




The microtiter complement fixation test (46), used as a
2 unit test, was employed to measure rabbit serum antibody

)
levels to Herpes 51mp1eX'virus (Microblologlcal AssoClates)

Antisheep hemolysin preserved with equal parts glycerol (Markham
stored at -20 C and titered

Laboratory) was diluted 1:50,
Lyophilized guinea pig complement (Markhameabera-

before use. L
tory) was rehydratedrwith'the'actompanylng diluting fluid,

dlspensed in small volumes and 1mmed1ately stored at -70 C.~
Sheep red blood cells

Complement was titered before use.
suspen51on in Alsever s solutlon (Mlcroblologl-

stored as a 50

cal Assoc1ates)wwere prepared as a 2% suspen51on in cold sa11ne
buffered with d1ethy1barb1tur1c ac1d 1 0 molar MgClz and 3
The cells were washed three ’%

0.3 molar CaCl, (Veronal buffer).
times in cold Veronal buffer;’each time the cells were centr1-

fuged at 200 X grin a”tab1e~mode1, anglehead centrifuge (Clay-

T \\\""P ks 'rr"\_

8 Adams, Inc > New York) for 5 m1n in a graduated centrlfuge

tube (Bellco Glass) 1n an attempt to pack the same volume of
cells in each test S e TR
Antlcomplementary subetahce§;'Wbrohrprevent oomplement'

N

from lysing red blood cells, have been detected in some sera
The follow1ngvprocedure was used to remove these substances

serum and 1ncubated overnlght at lO C.

1 partduhdiiuted complement uas”added to 3 parts undiluted
Thexserumecomplement -
mixture was subsequently incubated at 37 € for 30 min and

I 9# .;_‘ —:.__ e e
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diluted 1: 4 1n sterile normal saline.

The d11uted ‘serum wasx
then 1ncubated at 60 C for 30 m1n7(43)
tests were performed in dlsposable, round bottomed plates -
(Cooke Engineering Company, Alexandria,'Virginia)r Cold
Veronal hnffer:(o'OZS;mls;hantigen (0.025 ml1), complement
(o. 025 ml).and hemolytlc system (0 OS)dwere dlstrlbuted w1th
calibrated. dropper plpettes

gated in a series of twofold d11ut10ns in saline, 1:4 through

1: 512 by the use o£ callbrated wire loops

The complement flxathn

.The serum (0 025 ml) was 1nvest1-¢“7

The total volomeriv

" of the test was 0.125.

antigen/and complement, . the platQSVWere covered-and placed at

After the addltlon of,saline;-serum;“'"

i C for 18 hr.

They were then placed at room temperature for- -

sheep .

10 min and theﬂhemQIYtic system (equal volumes -of-2%

red blood cells and adjusted hemolysin mixed and allowed to

‘ stand at room:temperature for 10 min) was. added. " The plates

were covered w1th tape, shaken thoroughly ‘and 1mmed1ate1y

- showed the proper degree*of hemolysis,

.settled. -

- positive. .
techniques of hemolysin and complement titrations.

,z‘b.'_:‘

usually within.45 min'f

’placed in a 37 c 1ncubator until the“eomplement controlsw“<* ke

The plates were then placed at- 10 C -until -the remalnxng cells'
The degreeeef 1nh1b1t10n of hem01y51s was v1sua11y—Vi ﬂ;p“;
. estimated from 4+ to 0; only 4+ and 3+ weré con51dered3to-be7'7-

'Horsfallrand Tamm:(ZO)twaswusedgaafa reference»for}fia
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rThirtyvaUr rabbits were inoculated in”the léﬁt_eye;with one-— _

described by Plummer (33), or- Type 2 stfaianS

. second through the nlnth day, and 1n ‘some cases as 1ong -as -

“severe keratoconjunc11V1tlsmwlth,1nflammat10n of the conjunctiva,

" Results (Virus Isolation)

N , ) B o o

The first of two experiments was performed in an attempt

to determine whether'infective hefpesvirus ceuld be detected
1n the prev1ously infected rabblt eye without prior art1f1c1al

stimulation and if eplnephrlne does in fact induce virus re-

Iea§e - Also of 1nterest ‘was whether herpesv1ruses Type 1 and 2

dlffer in the nature of the chronlc 1nfect10n they cause in

the rabb;tiexe. Therleft eye of each of146 rabbits was.lnfected'

with Herpes eimplexrvirus; éithér*%ype iA'strain 197 ofiTypé 2,J

strain MS. The eyes of ten of these rabbits were swabbed for ok

a perlod of a year or more. The second experlment. Wthh

»

as to extend the resglts obta;ned,ln the first exper;ment,

of three strains of Herpes 51mp1ex virus: -Type'l, strain 197.

or straln Rodanus used by Lalbson and K1br1ck (25) and Kaufman

(23) and 1denth1ed as Type 1'by;the neutrallzatlonrtest ::5,,vffi'

rlasted approx1mately 4 months, was des1gned to. conflrm as well ;fvw -

V1rus was. lsolated from,the eye of each rabbit from the.. . . .-

the_ e1ghteenth day, after virus 1nocu1at10n '*WIthan4 days*“*ﬁi

of virus 1nocu1at10n most rabbits developed,moderate to. ,7:_;7;7 i

21.
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and on the other hand by straln MS In the flrst experlment

“this same period. In the second experiment, 17% of the 12 =~ -

.inoculated“with strain Rodanus.died folldWing inocuiation’of "

TS

i e ‘

~ the cornea (Flg 1, px 23).

-

,releases obtalned from 11 rabblts inoculated with stra1n~197

,of;Zo,out,of approximately 1500—attempts’to isolate Vifﬁélw%fé:ff

successful. ~Nine episodes .of vyrus release occurred in 7 =

l

: ! . . ! )
swollen eyelids, watery eyes-and production of an exudate."
of interest»were the distinct differences observed'between'the

‘1nfect10n produced on the one hand by strains 197 and Rodanus

34% of the 26 rabbits inocuiatediwith’stralniMS developedf;;;
7encephalitis and died during the primary infection whereas,on}y

10% of the 20 rabbits inoculated with. strain 197-died during -

'rabbits inoculated with stfain«MS~and 42%~ofithe 127fabhitsﬁﬁ¢«;;

virus but all 10 rabbits 1nocu1ated with straln 197 survxved

/ o i o —

w1th1n 2 weeks of 1nocu1atlon of strains 197 and Rodanus whereas~
within this same perlod of t1me 80% of the surv1v1ng MS rabblts
in the f1rst experlment and 50 of the surviving MS rabblts in

the second experlment developed permanent, cloudy 1e51ons of

~——

Resnlts from—Rabbits:InOCulated'with'Type 1 ﬂff‘*fffi"**l:;:'

. Secondly, a11 c11n1ca1 manlfestatlons of_Jnfectlon dlsappeared T

_Eigure z,Q + 24, _shows-the number-of spontaneous virus—=— | "

virus and the approx1mate day each release occurred.7 A total

rabbits and each eplsode averaged 4.8'days.‘ The results are

S22,




Fig. 1.

Disciform keratitis produced by herpes

simplex virus, Type 2, Strain MS.

£
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summarized in Table I, p. 26. Figure 3, b: 27;'presents the
results obtained in the second exoeriment from 10 rabbitgl
inocuiated with scraini197 rirus. Seventeen virus iéoiates
were obtained out of approximately 670 attempts. Seven epi-
sodes of v1rus release occurred in 6 rabbits (Table 2, p- 28)
and each eplsode averaged 3.9 days F;gure 4, p. 29,‘shows’the
results obtained from rabbits 1nocu1atéd uich straih ﬁodanus:r

Three spontaneous virus releases were obtained out of approxi-

‘mately 460 attempts. These releases occurred in 3 rabbits,

R.428 = (Rabbit number 428)'and R 432 on day 66 and'R’431ron’-
day 74 after inoculation with strain Rodanus. 7 '7

. F1gures 2 (p.w24) and 3 (p.’27) 1nd1cate when eplnephrihe.
was administered in each rabbit infected w1th straln 197,

ture whlchrwaswobtaaned within 16 days after“ep1nephr1ne inocu-

iation/aé;an~induced“fe1ease. In an attempt-to- reproduce thelr

results, an- arbltrary 16-day 11m1t was imposed to- av01d intro- |

duc1ng a time varlable..,In experlments 1 and 2, a total of -
23 attempts to stimulate virus release by the use of ep1ne—‘
phrlne were unsuccessful “in rabbits inoculated with Type 1,

straln 197 but the following results were obtalned from rabblts

1nocu1ated Wlth another Type 1 v1rus, straln Rodanus All

_rabbits recelved eplnephrlne, beglnnlng on day 96 Rabblt 428

succumbed to eplnephrlne admlnlstratlon' thus Fig. 4 (p. 29)

25. .

Laibson and K1br1ck (25) 1nterpreted each positive v1rus cul-fvf;
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Table I. Spontaneous Release of Virus in Rabbits

~  Inoculated with Strain 107 -~ -

Rabbit Number

Number of Days

Virus was Released  After Virus Tnoculation -

Numbef bf‘Dayérw

221 7 - 66
221 ; 126
"Ef 247

213
217
212
218
u
211~

[ 7, B ¥ I

S 274

249 - _
s R
262

281 - - -
312 - :




.z

L

197 strain-Herpes simplex v‘i;!:—u‘é-Type p ‘ P
asE LT
sk _ o i
e °
‘4:1:65'1'1'";{ o
'41}‘7€  o w®

- si8E- Era %
- a19E_ | - " °
.4205‘::. ' o
421€ - |‘ | g

{ o i . . r

RABBIT NUMBER
1 RV Y 1 T 0 1 TR

' j Eplnephrirjie Inoculation
' ° 1.8 virus Rel .
4225, ; B ' :_'_ SP;:m:o::';lrhl Release
[T NS YT WO UMY WO Y S NN N NN WHN SN (NN TR SN | 4 ¢ Rabbit Died ‘
30 60 90 120, . 150 180 -
DAYS AFTER VIRUS INOCULATION o j
- | J "

S
!

Fig. 3. iThe'rélease\of virus obtaihed‘from‘rébbitg

inoculated with strain 197 (Exp. 2)..

— — .
AN Y e e




-

L e s A
e it

Table 2. §Ephtaneous Rglease of Virus in Rabbits -

Inoculated with Strain 197 (E*?f });h

e “Number of Days " Number of Days
Rabbit Number Virus was Released  After Virus Inoculation
416 7 ) . :
416 1 48
451 | - 1 ‘ 80
418 1 81
417 5 84
419 3 88
" k 1z
— v B -
— S 28. . }
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‘Results Frem»Rabbits Ihoculated with Type 2

-'releases obtained from 11 rabbits. inoculated with Type 2

-simplex Type 2 virus; a total of 2 of- 1100 attempts at virus . --
. 1solat10n were successful F1gure 6 (p 32) presents the
results obtained in the second experlment w1th rabbits 1nocu~;

- lated with straln_MS, In sharp contrast to the results obtalned

"inoculation. Thus,fonly 1 out of epprorimately 600 attempts -

@

shows that 2 of 6 surviving rabbits, R7430’eﬁd R 524,IYie;ded-r.
virus on day 98 and day 111 respe'ctively‘g On day 122, all —
RodanuS’rabbits received epinepﬁrine‘agadn; Three of 6 rabbits:
yielded virus w1th1n 16-days post eplnephrlne 1nocu1at10n, -
Rabbit- 429 released V1rus on day 126 R 431 released virus for

3 days beglnnlng on day 130 and R 425 released virus on day

138. Thus a total of 5 of 12 attempts to 1nduce virus- were ,

perhaps successful

) Figure S (p. 31) presents the number of spontaneous virus

strain MS, and the approximate day each virus release occurred %"

Virus was recovered from 2 MS‘rabblts;,R 207 and R 204, on ‘the-

28th and 73rd day,resrectively after inoculation of Herpes - -~

in the second'exPeriment with Type 1 (strain 197), MS virus
was recovered fromronly 1 rabbit (R 406) 130-days after-virus~ - |
to isqlate virus was successfuly

- The results obtained from rabbits”infected with Type 2

and sebseqdently inoculated withrepinephrine arewgraphically”r;
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illustrated in Fig. 5 (p. 31). A positive virus culture ‘was

obtained from 2 rabbits (R 201A and R 208) within 16 days of |
epinephrine,inoculatipnt Induction was attemptedra total of .
11 times in 8 rabbits. Figure 6 (p 32) presents the data
obtalned from 8 rabbits subJected to eplnephrlne admlnlstratlon
Only 1 rabbit (R 403) ylelded Virus and thlS release occurred
on day 100. | o -

A summary of fhe results obtained frem‘inductlehraffehpts

1n rabb1ts 1nocu1ated with strain MS follows A rotalwa

-2 of 11 and 1 of 8 attempts to 1solate V1rus were successful in

the f;rst and second experlment, respectively.

Discussion (Virus Isolation)

. Herpes -simplex virus can be-recovered from'the‘eyes;“

wh1ch appear to be normal, of rabblts w1th healed herpet1c R

kerat1t1s both follow1ng ep1nephr1ne 1nocu1at10n and as. a R

eye was exclus1vely spontaneous whereas the release of strains
Rodanus and MS occurred both spontaneously and follou;ng.“;;A

Plnephrlne adm1n15trat10n : L DA

The confllctlng results obta1ned ‘by-various workers, u51ng )

e1ther the same or dlfferent stralns of Herpes s1mp1ex v1rus,_

may be caused by one or more 51gn1f1cant variables:

7spontaneous event. Release of straln 197 v1rus from the rabblt ,:i
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(1) strain variations, (2) size of inoculum- (3) unilateral
versus b11atera1 1nocu1atlon, (4) passage hlstory of the- v1rus;
(5) frequency of swabbing, (6) duration~of experlment and
perhaps other unknown factors. The 51gn1f1cance offstraln

variations may become apparent when one surveys the 11terature.

Anderson et aZ (1), using an_unknown strain-of Herpes simplex

virus obta1ned from a labial le51on, observed an occ351ona1 _

spontaneous virus release durlngmattempts to "reactlvate";V1rue

but, the authors chose to minimize the importance of'these- .

'findings. Nesburn et al. (30), using MacKrae strain of Herpes 1

51mp1ex V1rus 1solated from a patient with recurrent kerat1t1s,'$ﬁf"

observed multlple—spontaneous-releases. ‘Since “the virus strain =

and/or experimental techniques'differ from one experiment:tggiﬂe

another, direct comparisons are impossible. : The procedure - -

uSed_in,experimentfﬁzrwith,strain»Rodanus,hclosely parallels

. the techniqueruéed»by:Laibson:and<Kibrick'(253,'in’anvattempt;533"

: tofrule out at least some of the-variables.

The data:presented’ieaves little doubt that spontaneous -

viral release occurs. In both experiments #1 and #2, rabbits

. inoculated with Type 1, strain 197, shedfviru575pontaneously; e

No satlsfactory explanation has been found to account for th
fact that 6 of 9 rabbits in experlment 1 shed virus only. 1niﬁ"
the elghth month after 1nocu1at10n and 4 of 6 rabblts from

which virus was isolated in experlment #2, shed virus between

vl
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be released in rabbits under stress, and thus be responsible -

" Rodanus released virus spontaneously. Although Kaufman reported

days 80 and 90. Nesburn et al. (30) and Laibson and KibriCk
(unpublished data) have documented clustering of spontaneous
feleases in Herﬁés éiﬁplei firus infected animals:l Theée Te-
leases, rather than being spontaneous, may have been induced
by some extrinsic factor. Epinephrine, which is released‘iﬁ

excess during periods of stress in humans, could likewise

for'initiatihgrfirué release. ‘In the préseht studyrénimals

were individually caged and_handledrto‘eiiminate the possibility'
of -cross contamination. There was no change'in:food;rwater or |
animal handling throughout the;ekperiment. “No known eiogenqus
influences which might have cauéed iﬁcreased’releaSe of endo-
genous epinephrine were found on thorough analysis of the
expefimental éonditions; yet somé inappareht stress factor may
have plaYéd'a part in stimulating virus release. = . .

Three of seven rabbits inoculated with Type 1, strain

a much higher incidence of spontanéoUs release with the same

strain (23), he swabbed daily (while swabbings were done 6nly
on alternate days in the;present study), which in itself would -
increasé;tﬁé incidence of positive virus cultures. The tech-
niques of viral culture are relatively insensitive; less than 1
0.05 m1 of fluid on a swab ié,piéced_intq the medium bathing a
tissue culture (23). Many releases of virus might-be missed
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if the duration of release is 24 hr or less. The figures for
virus 1solat10n must . therefore ‘be con51dered m1n1ma1 values
Kaufman d1d not etate the size of his 1nocu1um perhaps thlS
has some influence on the frequency of isolation. - Laibson and
K1br1ck reported sporadlc spontaneous releases with the ;ame
straln ‘even. though they too reported they had swabbed dally
But,rsubsequent to thelr publleatroh, Kibrick (personal com-
munioetion) admitted somerirregularity in the timing of ewabhing.
- Only a small_numher ofrrabbits~inocu1ateo with Type;Z,

strain MS, released virus spontaneously.  No explanation for thej} -

low frequency of isolates can be given. A high percentage of

-these rabbits however; developed—permanent, corneal lesions-: -

after primary infection.  Other investigators,who have attempted:

to culture virus from corneas afflicted with disciform kera-

titis have also been unsuccessful (55).

None of the rabbits inoculated with Type 1, -strain 197,
released virus within the arbitrary 16-day period following

epinephrine administration. In contrast, viral release occurred

-in 5-of 6 rabbits inoculated with Type 1; strain Rodanus (out

of 12 indugtiOn;attempts with epinephrine) within the,qtbitrary
perlod and 3 of 16 rabblts 1nocu1ated with Type 2 stréih MS,r
out of 19 1nduct10n attempts._ - T

At present,; no definitive/conclusion can be made as to

the effect of epinephrine on -the mechanism of viral-release. -

LB
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The pharmacological effects'of epinephrine most cerfainly are
limited to a few hours. _PErdrau (31) has demonstrated that .

the infectivity of herpesvirus can be reduced or eliminated by

oxidation, but may be "reactivated" by reduction. It is reason-

able to speculate that temporary vasoconstriction resulting

from epinephrine could produce a local hypokia and consequent

reactivation of residual herpesvirus, a'precéss;which~may;take'

several days. It is impossible to establish proper criteria
to implicate epinephrine as the causative factor because the-

exact sequence of events leading to viral release are as yet

_unknown. A virus release was cOnsidefed by:Schmidt and -

Rasmussen (44) to be eplnephrlne 1nduced if it occurred w1th1nr

14 days post-epinephrine inoculation. They.reported apparent o

induction of Herpes eiﬁplex encephaiitis (3. R. Smith straih)

in 6 of 10 rabbitsbwith;a'fatal outcome within 3-8 days of

ffepinephfine administration. The lack of spontaneous exacerba-

tions'in'ésrrapbife'ihbeﬁlated 3.5 - 8 weeks previously, -

supports the premise'of'iﬁduction by epinephrine. "LaiBSOn‘aﬁd

,'K1br1ck (25, 26) used an arbltrary time limit of 16 days as o

one of their crlterla for eplnephrlne 1nduced v1ra1 release.

If the lG'day induction perlod*ls accepted as valid, the iso-

lation of virus (Rodanus) in 5 of 6 rabblts would appear to be

51gn1f1cant and would support the hypothe51s of eplnephrlne-

in@ucéd’viral”release. “One cannot dispToVéifhé possibilityfdf
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spontaneous rather than induced '"reactivations".

But,

induce an exacerbatlon of encephalltls in their rabbits V1a

' Type 2, MS stra1n (passage level approx1mate1y 16), succumbed

fected rabblts.

More con-
vincing evidence of epinephrine induction ¢f‘virai'féié55é"'"
would have been prdvided\if'one or mbre“rabbits had released
virus subsequent to both courses of eplnephrlne
It is unknown whether or not- eplnephrlne is the only

substance whlch»might 1nduce~v1ra1 release.
Rasmussen (44) were unsuccessful when using pyromen, cortisone
acetate or glutathlone in "reactlvatlng” herpetlc encephalltls

as dlscussed prev1ously, they could induce encephalltls

w1th eplnephrlne Good and Campbell (13 14) were able to

naphylactlc shock Anderson et al.

to induce viral release in healed rabblt eyes. Perhaps further
tudles w111 1ncr1m1nate epinephrine 1n these reactions. h
Slgnlflcant.dlfferences,appear.to exist between strains of
Herpesdsimple; virus. ‘
with either Type 1, Rodanus straln (passage level 27),
to the prlmary 1nfect10n whereas all rabblts 1nocu1ated w1th

Laibson and

Type 1, strain 197 (passage level 4), surv1ved
Kibrick (25) also found the Rodanus straln to be neurotroplc,
encephalltls and subsequent death ensued in 259 of thelr in-

Perhaps a h1gh passage level 1ncreases the“

neurov1ru1ence of Herpes 51mp1ex virus.

“Schmldt'and" - ¢'°

(1) used an Arthus reaction

A high percentage'of rabbits,hinoculated;,r_,
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PriAary infection with strain MS, Type 2, produced severe

disciform keratitis with permanent, corneal opacity, in con-

trast to Type 1, strains 197 and Rodanus, whieh produced mild,

transient conjunctivitis. . Williams et al. (55) reported 3 out

of 4 high paSSaged strains of Herpes,simplex'vifus,(type un- 'i

known) produced d15c1form keratltls ’ The 1dent1f1cat10n of

these strains as Type 1 would e11m1nate the possibility of

- this lesion belng a type characterlstlc. Perhaps multlple,passi

ages of a strain can 51gn1f1cant1y 1ncrease ‘the 1nc1dence of

disciform keratitis following primary herpetlc keratitis. = -

The frequency of spontaneous viral release was'higher in

/
rabblts 1nocu1ated with Type 1 strains than with the Type 2--

strains - Inoculatlon of eplnephrlne was relatively 1neffect1ve

- for inducing virus release in the rabbit eye.- Durlng-non-ff =

epinephfinerperiods,~strain 197 was released spontaneOuslyAmore’
frequentiyfthan the other twO-stfains,~whereae'this~samew»
strain consistently failed to be released'following”epinephrine

administration The 1nc1dence of viral release was sllghtly

: 1ncreased after epinephrine 1nocu1at10n in "Rodanus-rabblts"

Epinephrine may act as an inducing agent for this strain.

"Although a few instances of viral release occurred following

.epinephrine inoculation in "MS_rabbits", they‘wereffEbffew

in number to comment upon.

-39, B
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- Results (Virus Seroloéy)_

i
i

The rabbits in the second experlment which had not ylelded

v1ru5'w1th1n 2 weeks of” 1nocu1at10n were relnoculated in the

opp951te eye. These rabblts subsequently;releasedev;rug within

the following 2 weeks.and were: thus-included in this study.

Levels of complement-fixing antibody in the strain 197

-group of rabbits were remarkably éonsistent (see Table 3,

p. 41). The highest titer reached was 1:128. Four rabbits

reached a titer of 1:64 and four rabbits a fiter'ef_I{SZ.f‘Nehe

- of these rabbits required re-inoculation and all peak titers

were found at the. first bleeding (two weeks post-inoculation).-

Seven episodes of viral release occurred during -the study, bgt,*?‘

1

'no significant changes in antibody levels ensued.

" In the Rodanus group, four of the seven rabbits required

re-inoculation. The highest titer was 1:64 and the lowest

titer 1:16. Eight episodes of viral feIeaéefoccurre&:_ ﬁdwésr,

noted W1th stralns 197 and ‘MS, no antlbody response was

rapparent (see Table 4, p. 42). T

In the MS group'of‘rabbits,rfive of nine required re- -

inoculation. The highest titer was 1:256 and the lowest titer

was 1:16. Two.viral releases occurred, and as mentioned above,

no antibody response was observed Csee Table 5, p. 43). -
| ‘ S S ) ' : S R
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Rabbit

Table 3. The complemernt-fixing antibody levels to Herpes

simplex antigen, 1in rabbits inoculated with"

_Herpes simplex strain 197,

Type‘lph‘

No. Titer,bh‘Day 14* . Titer on Dgxi45* MTiferion Day 83 T1ter on Day 140"
413 1:128 1:32 132 (R- days 128- 1.64“
| L o 136)
414 1:64 | 1:32 116 1:16
S 415 N . 1:32 ‘ C1:16) 1:16
. Jt . i : ! i : o
416 - 1:32° (VR-day 35): 1:16 (VR-day 48) B 1:32 1:16
417 S 1:32 -  1:32 | 1:16 (VR-days 84-  1:32
| - o \ : T 88) | :
418 1:64 1:16 1:32 (VR day 84) RD B
419 1:64 1:32. . 1:32 '(VR-days 88-  1:32
| | BRI |
420 1:64 1:16 1:16 . 1:16
421 o132 1:16 (VR-day 80) 1:32 [ ~ RD
422 1:16  1:16 | 1:16 1:16 |l
* = fter lst virus 1nocu1at10n " RD = rabbit dead
" VR = virus release o ND = not done N

—
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Table 4.

Rabbit -

‘The complement-fixing antibody levels to Herpes

simplex antigen, in rabbits inoculated with ‘

‘Herpes simplex strain'Rodanus, Type 1

p'

No. Titer on Day 14* Titer on Day 45" 'Titer on Day 83" Titer on Day 140"
(R)424 1:16 ' 1:64 1:32 (VR-day 111) 1:32
425 1:16 1: 161 '1:16  (VR-day 138) 1:8 |
428 1:64 1:32 (VR- day 66)  RD | RD |
: N
(R)429 '1:8 1:64 . | i1#64 (VR-days 126- 1:64
| . R T 130)
(R)430 1:4 1:16 1:8 (VR-day 98) '1:16
431 1:16 1:32 (VR-day 74) 1:32 (VR days 130- RD
’ o SR - 134) |
(R)432 1:4 1:8  (VR-day 66) 1:16. 1:8 |
| o
(R)'='re1nocu1ated . —— ) -
* = after 1lst virus inoculation
VR = virus release
RD = :

rabbit dead
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Table 5.. The éomplement f1x1ng antlbde'level§'to HerﬁeS‘
o 51mp1ex antigen, in rabbits inoculated W1th
B He;pes slmplex strain MS, Type 2

BRI o B
Rabbit I PR B R TR S AR
No. - Titer on Day 14" ~ Titer on Day 45 " Titer on Day 83" ' Titer on 'Day 140
- : , - v ) t ‘ ﬁ ‘ 3 L Do j
401 1:4 1:8 | 1:128 . 1:128
. 403 1:4 - 1:8 1:32  (VR-day 100) = 1:32
~ (R)404 ' - 1:4 1:64 | 1:64 1:128
W : o ‘ : o N
406 1:4 1:8 | 1:16 (VR-day 130) 1:16
(R)408 ~  1:4 1:64 164 s 1:64
C(R)409  1:4 . 1:16 132 RD
410 132 1:128 . C132 0 1:64
(R)411 <1:4 ‘ 1:128 . 1:256 . 1:256
; : o o ‘ ‘ ; b L o ‘ o
(R)412 1:8 S 1:32 . 1:32 o E 1:64
| | ‘ i
(R) = reinoculated ° o o ! : : ‘ v o f,-
* = after 1lst virus 1nocu1at10n P ‘ R SR T .
VR = virus releasel a ! ; T L
'RD = rabbit dead ' AR R L :
: : IRENCRRIE ‘s e Ei




Discussion (Virus Serology)

Complement fixing and neutrallzlng antlbody to Herpes -
simplex virus are found usually in high titer, in the sera of
humans who have recurrent Herpes 51mp1ex 1nfect1onsf
of antlbody does not appear to fluctuate in response- to ‘recur-
rent episodes of virus release (54,3). Hefpesvirus complemente

fixing antibodies persist fOr'life-in a given individual -{51).

" This persistence of antlbody may be due to reboosting of anti-

body titer caused by contlnual antlgenlc st1mu1at10n

"~ The rabbitS»in this study had'a significant'antibodvah

response to Herpes simplex antigen.

serum of most rabbits within 2 weeks. In fact, rabbits inocu-

lated with strain 197 virus reached their peak antibody levels. .

The level

Antibody’appeared’in~the"‘:

i

durihgtthis time.

;Ihe,ahtibody levels remained relatively

constant throughout the course of the: study, once the peak -~ =

level was reached

The - 1ack of antlbody response to subsequent

1 able.

',V1rus release is espec1a11y 1nterest1ng but as yet unexplarn-”'

enabllng the v1rus to establlsh a per51stent, recurring dlsease

,Clrculatlng”antlbodles appear,to ‘be 1ncapable of,completely,a

eradicating the virus, although they mayrlimitfudtéifgotifffiA

to small areas (54). o ” IR -




Herpes simplex‘virus: Type 1,>straihs‘197 orrRodanus,,ér .

~ days for isolation of HerpéSFSimplex virus. ’Thé,rahBits;ﬁefé'

Y

" fixation tests were performed to measure the antibody level to

inoculation, as a spontaneous event. There appears to be

In experiment 1, the left eye of 46'a1bin0~rabbits7wés-_'
inoculated with Herpes simplex virus, either Type 1, strain 197
or Type 2, strain MS. In experiment 2, the left eye of 34

albino rabbits was inoculated with one of three strains of
Type 2, strain MS. The rabbit eyes were swabbed on alternate

injectéd,with épingphrine:at intervals during the study.rvAllA:~

*

rabbits (experiment 2) were bled intermittently and complément;,w -

Herpes simplex antigen. : - A - - o ﬂ

Herpes simplex virus may be recovered from the normal

appearing eyes-of -rabbits with healed herpetic keratitis;both={- -

strain, rather that type, differences, notably the greater
neurovirulence exhibited by strains MSrandvRodanﬁsj'prductiona-

of péfméﬁéﬁtAcdrhéaitlesfans by;St;ain MSLana;thé?aﬁﬁéfgifb .
inability to stimulate'virﬁsﬂreleasesin rabbits inbculatédrwithr
strain 197‘By the uée of;epinephrine.:-Therabbits in{experi-:
ment 2 had a significént antibody response to Herpes SimpIEX—

virus following primary infection. Although multiple

45. -




instances of viral release occurred with'all three strains
of virus, no antibody response was elicited in the rabbits.
Discussion of pertinent results, some speculations about

the study and a review of the literature are included.
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~infections was presented by the high freqnency of women with -
,ambuc11 (Masterson personal communlcatlon) The development

" of shlngles was an ominous prognostlc 51gn. The relationship

. between the tumor, the chlorambuc1l and the appearance of

petic 1nfectlon. The latter explanatlonwregardlng "reactlvatlon'
-a localized area. (2) The tumor or the chlerambucil may have a

“Bichel and ThorIing (2) suggest that Herbes ioster'is proroked

by chemlcals, roentgen rays, heat, cold, phy51cal trauma or

L Chapter III.

HUMAN STUDY B

RevieW'of‘LiteratUre,

A unique.opportunity»for investigation of human herpetic

Herpes zoster (40%) treated for ovarlan mallgnancy with chlor-

shlngles in unknown. Two explanations for this phenomenon: cah"”
berproposed:>;(1)-The tumor or the ehiorambucilimaydhayewa»;»'
depreesant effect upon the host's immunoloéical—mechanism and
render her more susceptlble to either ‘a primary infection (in

a partlally 1mmune host) or ''reactivation" of a previous her-
may hold true if antibodies do in fact retain the virus within

direct stimulating effect on persistent Herpes zoster virus. . -

disease 1nV01V1ng the splnal cord or its adJacent structures,




i.e. tumors which have metasfisized. The latter suggestion
may be valid if Varicélla/Zoster (V/Z) virus persists in the
dorsal ganglia. Dayan et aql. (7) postulate that some patiehts
bearing malignant tumbrs may have an unusual response to a
herpetic infection because of hypersecretion of corticosteroids
and disordered immunity caused by the tumor. Chlorambucil is
known to have immunosuppressive effects (16). If patients so
afflicted either developed high titers of circulating anti-
bodies or maintained the antibody levels which persisted prior
to therapy or development of the tumor, immunosuppression
could be ruled out as the cause of the appearance of shingles.
In this study, a group of patients undergoing chémo-
therapy with chlorambucil were gled at monthly intervals and
antibody titers. were determined not only to V/Z virus, but also
to Hérpeé simplex (HS) virus and Cytqmegalovirus becau;e anti-
genic similarities exist between members of the Herpes group
of viruses. In a serdlogical study of Herpes simplex
patients, V/Z antibody levels rose in response to antigenic
stimulation by HS virus (22). Schaap and Huisman (42) also
found, in a serological study of V/Z patients,'that
antibodies tb HS.virus rosevsimultaneously with V/Z anti-
body,‘if the patient had a prior Herpes simplex infection. -
The present study was therefofe designed to measure the serum

antibbdy levels (to three human herpesviruses)‘in the sera

48.




thained from women under treatment with chlorambucil for
ovarian tumors. The results of this study were compared with
those obtained from sera of normal women of the same age, taken
only one time, in an éttempt to determine whether or not the
patient's circumstance predisposed her to shingles acéompanied
by seroconversion. The study was performed with the hope of
answering the following questions as well: Has a V/Z infection
occurred and, can antibody levels to V/Z virus be used to
prognosticate in patients with tumors of the ovary who are

receiving chlorambucil.

Materials and Methods

Nine females, ranging in age from 33 to 68, who were
under treatment; by Dr.'John G. Maéterson, with chlorambucil
(Leukeran, Burrough § Wellcome § Co., Tuckahoe, New Yofk), for
malignant ovarian tumors, were bled at approximately monthly
intervals. Serum complement-fixing antibody leveis‘were
measured, according to the method of Sever (46) to Herpes
simplex.virﬁs, Varicella/stter virus and Cytomegalovirus
(Microbiological Associates). Nineteen serum specimens ob-
tained from\normal, healthy females, ranging in age from 30 to
53, were used as controls (supplied by Oak Park Hospital,

Oak Park, Iliinois). Because herpesvirus complement-fixing

antibodies persist for life in an individual (51) and tend to

49.
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attain constant levels (45), only one serum sample was col-
lected from each control. Refer to Materials and Methods,
Chaptef II, for the pfocedure used to perform the complement

fixation test.




Table 6.

Results

The titers obtained from sera of women undergbing -

 chlorambucil treatment for ovarian malignancy.

Patient
(1) .
. Age 33

(2)

irAge'357

titer complement fixafidn test. )
N ‘Antigens
Date of Specimen V/Z HS Cytomegalo |/
12/30/68 W™ 1:4  wm |
1/6/69 ©ND 1:4 ~  ND
1/16/69 ND 1:4 ND
1/28/69 1:32 1:32 <1:4
2/18/69 T 1:32 1:32 <1:4
3/10/69 1:32 1:32 <1:4
- 8/27/68 - T1:16 134 <1:4
 o/23/68 1:6 1:4 <l -
10/20/68 T1:16 - 1:4 0 <1:4
“12/9/68  1:8 14 - <li4
12/23/68 - 1:8 14 <14
-1/6/69 - - 1:16 11:4_ <1:4.
- 1/14/69 ., ND 1:4 “ND -
. 2/4/69 - - 1:16 C1:4 . <1:4 0

rAntibodieé to Varicéllaf265tér, Herpes simplex ~

and Cytohegélqvirus'were mgasuréd'by the micro-

51.
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‘Table 6 - cont. T
. Antigens - o
Patient Date of Specimen v/ H3 ‘Cytomegalo
2/25/69 1:16 1:8 <1:4
© 3/10/69 . 1:16 1:4 7 <1:4
(3) 7/22/68 1:4. 1:8 1:128
Age 46 9/16/68 1:4 1:8 1:128
10/14/68 1:4 1:8 1:128
12/10/68 1:4 '1:16 1:128
. 2/11/69 1:4 1:64 1:64 ——
3. @ 7/22/68 To<1:4 <1:4 <1:4
Age 46 . 9/16/68 <1:4 <1:4  -<1:4°
1 -10/14/68 <1:4 <1:4 <1:4
| A DA
1 12/9/68 <1:4 <1:4 <1:4
2/11769 ~  <1:4 <1:4 <1:4
(5) ~ '12/10/68 1:8 1:4 1:4
Age 47 12/30/68 1:4 1:4 1:4
- 1/7/69 ND 1:4 ND
o 2/27/69 1:16 1:32 . . 1:64
6) o 7/22/68  1:256 - <1:4 <4
Age 49 8/26/68 1:128 - ND ~ND -
9/23/68 1:128  <1:4  <l:4
| 52, s



- Table 6 - cont.

Patient

7y

Age 49

(8) -
Age 58

(9 -

Age 68

ND

not done

¥ ,wn,#"é—‘}

_ Antigens
Date of Specimen S v/z - HS - Cytomegalo
10/20/68 1:128  <1:4 <1:4
11/18/68  1:32  <l:4. - <l:4
2/11/69 C1:64 - 1:4 <14
- 3/10/69 - 1:32 1:4 <14
10/20/68 T <1:4 1:4 <1:4
12/9/68 C1:4 1:8 <1:4. . |
12/23/68- 7 1:4 1:8 <1:4 .
 Expired 1/8/69 | | |
. 9/23/68 <1:4 1:8 1:8
10/8/68 <1:4 1:8 1:16
10/20/68 1:64  1:32 1:8
10/29/68 C1:64 1:16 1:8;; |
- 12/10/68 1:64 1:16 _  1:64 —
12/30/68 1:64  1:16  1:64
- 2/18/69  1:32 T 1:128 1:128 -
' 3/18/69 1:16 1:64 1:64
7/22/68 1:16 1:16 - 1:16
Expired 8/69 o




Table 7. The titers obtained from sera of presumably normal
women to serve as controls. Antibodies to Varicella/
Zoster, Herpes simplex and cytomegalovirus were
measured by the microtiter complement fixation test

!
|

Control ~  ‘Age |  _YL§A o §§23&532§_¢2t§ﬁég510 :
(1) 30 - - 1:4° - 13z 158
(2) 3 RS 7 N R . 1:8
3) 32 C1:4 18 <1:4
4) 32 1:8 1:32 "1;16

(5) 35 1:16 1:32 R 7S
6 36 . <14 . 1:8 1:16
(7)/ - 38 <1:4 1:16 1:16
8) 38 ’ 1:8 1:8 <1:4
9 39 <1:4 1:16 1:32

(10) 45 1:4 1:16 1116
(a1 - 45 1:8 1:32 , 1:16
az) 46 . - 1:8  1:32 . 1:16
a3 48 14 1:4 - o <l - |
as a8 <14 a4 c<l:4
(15) 49 <1:4 o116 BT
(16) 49 <1:4  1:4 _ 1:32
an 49 <1:4 - <1:4— o 1:16
(18) sz <14  I:16 = <1:4
9 53 . <1:4, 1:32 —<l:%
54,
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@ Complement-Fixing Antibody Titer

Fig. 7. The percentage of patients versus controls

possessing complement-fixing antibody-
titers to Varicella-Zoster virus
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Complement-Fixing Antibody Titer

Fig. 8.

<1:

The pefcentage of patients versus controls
. possessing complement-fixing antibody
titers to Herpes simplex virus.
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Complement-Fixing Antibody Titer

Fig. 9.
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The percentage of patients versus controls

possessing complement-fixing antibody -
titers to Cytomegalovirus
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Age

~Fig.
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10.

The distribution by age of complement-fixing

antibodies to Varicella-Zoster virus
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Fig. 11. The distribution by age of complement-fixing

antibodies to Herpes simplex virus
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Fig. 12.
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Distribution by;age'of complément-fixing

antibodies to Cytomegalovirus
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~Disease.

ftreat'néoplastic,disease., Chlorambucil

- Discussion

Sokal and Firat (49) reported an 8% incidence of Herpes
zoster in a group of patients with Hodgkins Disease. Dissemin-
ated Herpes zoster (HZ) indicated a pOor_progndsis with expec-

tant survival of less than a year whereas the localized form

 was not so ominous.. The“authOré"attributed'HZ to a;SﬁbpreséionA

of the host immune mechanism associated with advanced Hodgkins

Other modes of immundsuppression have been studied,exten-A

sively. Many drugs, including the nitrogen mustards, adversely

affect the immune mechanism when used in amounts adequate to

R T

is a,derivative:of thé 
nitrogeﬁ mustard group and is capable of immunosuppression.
Even though several of the patiéntsrin this study had rising -
antibody titers,rﬁaxtial_immunqsuppression~is possible.

Antibodies5t05Varicellaonster_(V/Z),AHerpes simplex (HS):

. and Cytomegaloviruses are prevalent in the~adu1t-p6pulaﬁion.
;HHayward (18) reporfed a comparative_study of 95 sera f;pmib

~ normal adults.. The sera were tested for complement-fixing . .

“and neutrélizing>ahtib§d§es to HS virus. - Eighty percent of

the sera contained both typési of antibody and 20% contained

neither. Burnet and'Williams (S).repdrted thehpreéenceﬁnf;:,m

herpes-antibodies-in 93% of 55 hospitalized adult patients.. .

Holzel eiua%:f(IQQ reported~the-distribution of complement-ng;—a

I ¢ S SR
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Lstudy;’:

fixing (CE) antibodies to HS virus in 304 sera from patients
of varying ages. Eighty-six pereent of sera obtained from 35

patients over 15.years of age possessed Cytomegalovirus CF

| antibodies with titers ranging from 1:4.to 1:32. Stern and’

~Elek (51) reported the incidence ofwantibodies-to,Cytomegalp-

virus in a normal British population: Under 5 years of age
dnly 4% of the children had antibodies. By 10 years of age
the_incidence”was 15%, by 15 years it was 21% and a maximumrvh

of 54% by 25-35 years which was maintained in the older age

.ages ofnCytomegaloVirus CF antibody in the general population -

during the study, precludlng an evaluatlon of its prognostlcvi .

' 51gn1f1cance No patlent had either a hlstory of recurrentmwmf,

- Patient #1-in the present study had antibodies'te"V/Z end

HS viruses (See Tab1e16, ﬁb 51- 53) with a rlslng titer to HS

virus. Unfortunately, an insufficient amount of serum,wasn.,hnwﬁ

—obtalned in the first three ‘bleedings to- ascertaln whether orw

‘not the V/Z tlter had risen from a prev1ously lower level.,'

Schaap ‘and Huisman (42) reported/a 51mu1taneous rise in CF

antibodies ‘to HS and V/Z v1ru§e571n ‘patients with elther-’m

| - groups. ~Other authors “have found significantly higher percent- |
|

None of the patients in our“study'developed»Herpes zoste}‘m

hefpetie lesions or a Herpes simplex infection during the ~— = |-
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chickenpox or shingles;

antigenic relationship between these viruses.

Kapsenberg (22) Suggested a minor

‘during antigenic stimulation by V/Z virus is a pre-existing’

.cross-reactions of these 2 viruses and found the homologous -

~rise in titer to V/Z virus was geuerallf higher than the - -~~~} -
lwin~patient #1 might have been caused'by either a‘primary’in:'”

‘fection or cross-reactivity.

“because\of the”riseiin,HSVV1rus *antibody (10,19,39). -

‘the course of the stud?
;probably represents a prlmary 1nfect10n by a type or straln B
-not previousl?:encountered’by'the"patient.
_course of the study

_later, her titer to Cytomegalov1rus Tose to 1 64 'whlle tlters

'7Cytomegalov1rus 1nfect10n w1th heterologous stlmulatlon 6{,,

An apparent pre-

requisite to a simultaneous rise in antibodies to HS virus

immunity to HS virus (42). Ross et al. (38) studied-the- .. .- |-

heterologous rise to HS virus. The rise in titer to HS virus. .-

A recurrent 1nfect10n is excluded

ek

Patient #2 had a constant'titer t07V/Z and HS viruses
throughout the course Oflthe study. Patient #3 hed a constaut_? fd
low titer to V/Z virus, a ¢6nstant'high titer to Cytomegalo-
virus and“a'siguificaut”rise in titerzto HS virusélate‘in  _€f"

Thls rise in CF antibody to herpes‘;:m.

Pa’t ient #4 had
no significant t1ter to any of the three V1ruses durlng the

Patlent #5 had 1n1t1al t1ters of 1 8

'tO—V/Z virus and 154—towHS~and Cytomegaiov1ruses;“ Two~ montHS‘”i“ o

to HS and V/Z v1ruses rose to 1: 32 and 1:16 respectively. ”AV

) 63’.'_ L L o — *> R
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‘appears unlikely since ﬁhefpatientoappéered quite capable of ...

-

HS and V/Z antibodies may have occurred. Informétion concern-
ing cross?reactivity:of HS andVV/Z antibody'ih:patienﬁg ﬁithwu'
Cytomegalovirus'lhfectionAis sparse. vPatient‘#G,was'recovering
from a HZ virus infection when'she entered the study. No.
heterologous rise 1n CF antlbodles to HS virus and Cytomegalo-rl

v1rus was observed Pat1ent #7 had no 51gn1f1cant antlbody

changes dur1ng the 2 months of study prlor to explratlon

Patient #8 had a significant rise in antlbodles to V/Z virus

with a concomitant rise to HS virus early in the study. Two .

months'later, she had a significant rise in titer to Cytomegalo!

virus/ Both the HS and- Cytomegalov1rus titers reached hlgher

levels tham the V/Z t1ter In mld-November; the»patlentmcom:-;l;a
plained of mouth pain. On suhsequeﬁf phlebotomy.in mid-
__December, her Cytomegalovirus antibody titer rose from 1:87toimu"
~1:64 and -in 1ate'December, a generalized petechialwrash'

~-appeared. Phlebotomy in February revealed a rise in-HS aﬁfi-”*i

body from a tlter of 1 16 to l 128 - The rlslng tlters and i

the patlent s cl1n1ca1 course are presumably related Although -

'the magnltude of the*tlter*elevatlons 1mp1y,pr1mary lnfectlons,-‘f?
~'a sequence of infections by Herpes zoster;nytomegalo and HS

'lV1ruses would seem unlikely. An altered immune mechanlsm could

predispose the patient to multiple infections. However, thlsiJV

“antibody response. If heterologous_oross—reactivityfweré;:-%_

64, =T



involved, the antibody levels to HS and Cytomegaloviruses
would not be expected to exceed the level of V/Z antibody. No
explanation for this interesting phenomenon is presently avail-
able. Patiént #9 was bled only once pridr to her death. She
had titers of 1:16 to all three viruses. Six of 19 controls
had CF antibody titers to all three viruses, but none had

CF an?ibody titers of 1:16 or greater to all three antigens.
Further bleedings of more terminal patients will be necessary
to évaluate the significance of this patiént's titers.

Figures 7 (p. 55), 8 (p. 56) and 9 (p. 57) graphically
illustrate the percentagé of patients versus controls possess-
~ing various titers of CF antibéﬁy,to the three viruses. As
seen in Table 7 (p. 54) and Fig. 7 (p. 55), nearly 50% of the
controls had no titer to V/Z Virﬁs, whereas nearly 67% of the
patients had titers of 1:16 orvhigher. As seen inﬂFig; 9
(p. 57), 56% of the patients had no titer to Cytomegalovirus
whereas only 31% of the controls were negative. No significant
difference was found between patien;s and controls in regard
to titers to HS virus (Fig. 8, p. 56). Figures 10-12 (pp. 58-
60) graphically illustrate the distribution by age of anti-
bodies to these three viruses. In Fig. 10 (p. 58) there is no
apparent influence of age on antibody to V/Z virus in patients
and controls (thirty years of age or older). This graph demon-

. /
strates quite well, however, the distribution of higher titers

65.
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‘body levels to Cytomegalovirus.

antibody changes in these patients because of their small —

© and ‘HS ahtibody titers.

~in patients as tompared to controls. Figuré 11 (p. 59) con-

firms the random diétributibﬁ'of patiehts and controls in anti-
body'ievels to HS'virus. Again age appears to'Be,unimportant
in women 30 years of age dr older. Figure 12 (p.'60) demon-
strates that there is'no-significant influence of age on aﬁfi?

It is interesting to-note,

though it is of questionable significance, the random distri-

bution of control titers compared to the selective distribution

"of patient titers into a negative and a high titer group (with

one exception). -
"It is difficult to draw conclusions about the nature of

numbers, and the éktreme'Variébiiity ih'théir‘clinical COﬁfi”

ditions, duration of treatment and other variables. There

does appedf”fb”bé'significant_differences in the V/Z virus

antibody titers between patients and controls and'a‘few’&if%'

—

N |
AN N

“ferences between the two groups when considering Cytomegalo = |

—_— /. . )
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Summary of Human Study

Nine feﬂéles, ranging~in,age?from733-68,rwhorwg:e under —

treatment with chlorambucil for malignant ovarian tumbrs;'Were
antibody levels to Herpes simplex,dYariCellatgps;erigpd_cyto-

healthy females, ages 30-53, were used as controls, o

"All patients, and nearly all controls, had titers to

-1, 2~orié11 3 éntigens at the first bleeding: Several of the. '}

patients had Tising titers to ome or more antigens during the

course of the study. Antigenic .cross-reactivity between-the -- -
three'viruses_apparentiy occurred. No significant difference

in antibody titers to Hérpés Simplek’and Cytomegaloviruses,,

were found between patients and controls.= In-contrast, -

' Varicella-Zoster antibcdyifiters,appeared higher in patients

than controis. Age'ﬁé& no apparent-influence on antibody

distribution. ~None of the patients
‘Herpes simplex infection during the study;mthereforevprbgnosticf

are included. -

bled at approximately monthly intervals-and complement-fixing. | .

megaloviruses were measured. Sera obtained from nineteen - .

evaluation'coulg not be determined. =~ = e

Discussion of the results and review of the literature . -

‘developed shinglesrorféff‘fquq
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