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L lmEN -

" viral 'antigen .in the 'brain and " visceral ‘ttssues of es‘cpenmentaily 'infe‘cted B

. ABSTRACT - ° 3 S
This study was.designed Yo localize Western equine encephalitis (WEE}

tuckhng mtce. The {eroxidue-entiperoaddm (PAP) technique was utthzed< to -

idennfy viral antigen and monitor the pathogenic proceu. M1ce ( 1-3 day old)
1

s vwere inoculated exther' intmcerebrany or tntraperitoneally and subcutaneouslx,
© v " Suckling mice infected with WEE virus developed clinical ‘symptoms of

wephalim 34-38 hours poet-tnfecnon. Eutem equine encephahtx( (EEE) wms. g

*
utilized as a crou-reecti\fe control entigen in the PAP etaxmng procedure.

produced evidence ol en acute encephalitu after 32-36 hours. The most notable

™~
,.grou pethological feeture was the pre:ence of congested blood veuels on the

necrotic neuron was the ﬁy vitible topethologicel feature in the centml

nervous :ystem (CNS). Simihrly. visceral organs were normal histologtcamy save
“for a mild pneumonms and congestion of the liver in a few of the EEE \nrus

infected antmals. - - T . . . . “ﬁf

.
[ d

Immunopero:ddase statning of brain tissue revealed utes of WEE vu:'al

antigen as dark brown gtanular deposits. In initial experiments . extenstve / R‘

non-epecmc staining of* the neuropgl in the fotm of a muddy-brown colourattop '
was’ observed but abootpnon of the primary 'ngent. mouse anti-WEE virus serd. , \' i /
\ﬂth normal mouse brain “tissue sfgniftcantly reduced the level of background A
non-opeciﬂcity tn the neuropﬂ. Trypttnization of the tissue eections, however : '/f‘
did not zreatly reduce the )ntenetty of the~beckground etain. Various f
interpolated. experlments to reduce this “non-specificity mcludmg varying the /

iv N "
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duration and tempemture ‘of the incubetion pe'rlod of the pnma,ry reaction,
e treatment ‘with imido,zate. and switchmg of hnk reegents provided modemte

improvemet‘lt in’ ‘!he staininﬁ quality. U\timate\y. a cheekerboatd t;gretion

revealéd that mouse’ anty-WEE \;mu serq. at a dilution of 1 1500 incubated wtth

tmue sedtions at 4°c for 48 hours pmvided the be;t siamtng results.

An exteneive distribution pettern of WEE viral antigen wes 'observed in.

the. braim of mice .infected mtracerebmlly fonowing staining by the PAP -

ptocbdure. The CNS of mice infected i,ntrabemoneany agd subcutanemxs\ly

- ,exhtbited a somewhat restricted qistribution of vyal antigen. The moct Severely. :

R

v effected -areas ol the neurnl tissue were ‘the midbtein. gons and medulla. The

penvenmcuhr regions of the midbrain and pons, as’ well as thalnmic nuclei. a.nd :

"’

‘portions of the hippocamws we!'e ecutely (ensitive to this arbovirus invasion.

Purkinje cells were often mmunorenctive. vhereas the chornid plexus-and the 4 :

subetantie nigm were negntive. Specific steining was effectively lim&tecl to- the
neurone and\ ependymal cells, Occu;ionelly, glul cells eppeared to contam
entlgemc meﬁters for WEE vime S v o

o .
> [
.

-WEE viral antigen was not detectéd in any of the visceral orgm tested.
.However. evidence of viral replication was seen in the trigeminal ganghon and

in the genglion layer of. the retina. T A '._ ST

Pooitive eteming of WEE vims was eccomplished in 4 hours ﬁving that

H ~«; e ‘ L
’, the PAP technique can be ueed as a mpid diegnoetic eye am far the

: 'tdentirication of viral agenta in elinicel specimene. This mvestigation fqrther

. |

aubetantmtes the erfectiveness ol the PAP technique as a tool for the stxzdy of

A

viral encephalitis. - p.
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o o CHAPLTER [ = B
“. e ~LITERATURE REVIEW , -
|- ’ , : .
" L Llasssification - | U - ‘
o

" The term "erthropod-borne vtmses" refers to vimees tha.t are propagated
t s m. uature by hemetophegoue erthropods in an epproprmte vertebrate host '

2 IR ' (W H.0. Sc:enttftc Group. 1967). Over 400 vuruses comprise thts classtftcatton :

scheme (Cehsher. 1980&). The erbovxruees meke up the preponderance of the

Eag .

B B temtly Togevmdee (Ceeels. 1957). Non-erbovtgus members include rubella and

“equine erteritu virus. The togevu'uses represent a group of smajl, enveloped

B 7 \ o RNA vmues. ‘that range in size between 40-70nm and ef% eqmpped vnth a_
| . symmetncal. 1coeehedral nucleocepﬁd (thdy. 19713 Fenner.J1976) Within the
| fenufy togevindae tvo genere heve been defmed, the elphevuuses (formerly

known as Group—A arbovu'uees) end flevxvuuses (formerly Group-B) The genus

TS SN

_" "; - elﬂm comists of 25 members. the majonty of whu:h rephcate wtthm a )
| | mosq! vector (Celisher. 1980e) Members of this group mclude Smdbts virus,

. »*"‘ Semhkt Forest vu'ue. ‘as weu as. Ea!tem and Western equme encephalms virus.

- A v_ o Flevi\nruees contein both tick—bome viral’ agentg such as Langet and Loupmg

- m virus es .well as moequito trensmttted “Viruses such as St. Louis encephelms

P - : L Vtme. jepenese encephehtte vmn. and West Nile virus. )
. T -- ‘ 5evera1 - gFoups of mveettgetors prevtouel‘y heve reported ‘on the ,
S - E ‘\“‘-serologtcel ovethp that ‘exists among the alphevuuees (Howttt. 1935; Parks. and |
‘ R Price, 1958 Karebetsoe et el.. 1963. Goldblum; et al., 1972; Cehsher et al,
,\ "‘-'198t) Delrymple end his aesocutee (1973) dxscovered that shared, grou‘P -

entigemc determments are- Ioceted on the nucleocepsxd. whereas envelope

g}ycoprote_ms ‘are’ virus epeqiftc . end eleo funcnon as subgroup assoclated

br

‘ " R §
# - . N . B

- . o - . . . -, e [



markers. Karal;atsos detected ”signi!‘icant atttigentc variability within various
strains 'of Western equine encephalttts (WEE) vlrus (Xarabatsos et al., 1963).
and also noted the emtence of three dtsttnct viral complexes within the
,alphavuus genus (Kerabatsoe. 1975) The concept ,of virys complexes. first
' descnbed by Caeals in 1957, represents a clueter of . vtruses wtthtn a
‘serologically defined group, where certain membets tend to be more claeely
"telated to each othen than other members in the genus. WBE' virus constitutes

a_complex eiorig’with Highlands ] vtrui. Sindbis 'vlrue. Aura vu'usJ Whataroa

‘virus, Y62-33 virus, and Fort Morgan virus (Ce.luher et al.. 1980b). ighlands .]

virus aml Fort Motgen virus are- cloeely related, while WEE is most

stmilar to-Sindbis virus, It is tnte:eetmg to note that the latter two species are o

frequéiitly the cause of active clinical tnfec’l. while the former species are
ol

rarely pathogenic. Recent advances in ecular techniq es, such’ as
oligonucleotide magbing and RNA fingerpm\t unelyses heve allowed - further

differgntiation of antigenic subtypes (Caltsher et al., 1981). /
i ) , - - L] ‘f

#

. A :
I1. Historical Perspective b

LN

For qver 40 years Western equine encephalitis virus has been known to

cause considerable morbidity and mortality in both equines anél humans in North |

America. This virus was initially tsoh'ted by Meyer et al. in 1931 following a
large eptzoonc in the San ]oaqutn Veney. California. Meyer and his :S—worken
were able to transmit the virus in Iabomtorz'antmals by tntracerebral and
intrma‘ tnocuhtion. although trmmutlon to humens was not recognized at

that ttme. A year later. Meyer (1932) reeltzed the significance of this dueese

when he . obeerved & similar encephnlittc disorder in three men exposed to |

»

"



/> . ' , ' -. »

infected horses isolated from an endemic focm. In 1933. two similarc outbreaks»
of encephahm were reported. ln St. Louis County, Missouri, over 1,000 cases
of human encephalitis became evident (Barr, 1934. )while an equally large
epizgotic was-.necbénizcd Along the east coast (Hurst, 1934). The etiological

agents were isolated and found to be seroiogically distinct from the western

strain (Ten Broeck and Mrem(m.[l933; Cox and Fite, 1934). Based on their

» .

. geographicﬁl disz't:ﬂmtion. the;‘g viral q'geﬁts became known as Eastern equine
encephalitis (EEE) virus and St:, Louis encephalitis (SLE) virus. By 1938, Eklund
and Blums'tein‘were able to reﬁ&t six more cases of WEE by démonatrating the
presence of neutraliztng antibodies to WEE vu:us in these patmntl. The
: uolation of WEE virus from a human source was orlginally achieved by Howitt
(1938). Shortly thereafter, Fothergill et al. (1938) and Webster and Wright

.
(1938) were able to isolate the eastern strain from a"human case. These results

provuled definitive proof establuhing equine viruses as potentml human o

pathogem. Subsequentlyy Schoening et al. (1938) suggested the need for ﬁzrther
mvestigatwn to determine the natural mode of transmission of tt}ese viral
agents, -~ . /

Meyer (IQSZ%nated a cyclical pattermn of recurrence s of the/ dmease \hut
~ was primarily limited to the wamer periods of the yenr. Tl‘ls led him to

/

believe that Mting imects could play a role in the dissemtnation of WEE virus.
Kelser (1938) ctemonstrated that several species of Aédes mosqmtoes had the

capacity to trammit either Eutem or Western virus m' labotatory animals,

Afterwards, Buss and Howitt (1941) reported ‘cases of }fEE occuzﬁng in rural .

. areas associated with dense mosquito populatiom where irngation ditches'

provided these insects with a mtuml habitat\)Seveml spectes of mosquito are

capable of cnrry{ng WEE vtnu. but Culex tumlu has become recognized as

*



- sufficient deta demonstrating wild birds as the major source of mfectton of

1. Natural Cycle and Distribution of WEE Virus

?
. e '
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the primary Arthropod vector in westem North America fiammon et al., 1941).
The mejori f mosquitoes other than Cx. tmalis with‘ the qhty to, transmt
WEE wvirus functton essentully as secondary conduits for this viral egent (Hess

and Holden, 1958). There are however, endermc foci where othet.mosqutto

" species may serve as the ptedommant vector.

Further reseatch led to evidence 1mphcetmg a number of’small ammals
- i

as potential hosts® (Meyer. 1932; Ohtsky et al., 1934; Cox et al,, 1941; Burton
et al,, 1966b; Taylor, 1967; Hardy et al., 1974; Leung et al,, 1975. Artsob and

o Spence, 1979) These amv}k typically develop high ntred viremias, and hence

were thought to repthsent "reservoir” hosts of* WEE wvirus ’(Hemm

Eventually, Hammon et al. (1951) and Reeves et al. (1958) were able to prow:

WEE vu'u;. Man and’ horses are thought to be accidental or dead-end,hosts.

The ecologieal c)"cle ef_WEE vu'us necessitates that the virus must pass
. through a replication phase in an et'thropod vector. This phase is termed the
~extrinsic fmcubation' period. Infection of the veétqr umlly‘ o.c‘curs from

-ingestion of a blood ‘'meal  from an infected host. However, seyerh,l other.

mechanisms have been documented (Grimstad, 1983). The initial concentration

of the viral. pathogen is crucial if infection is to take place (Bamett, 1956;

Thomas, 1963). Once infected, the mosquito has-a limited pertod of infectivity
during whtch it is capable of transmitting the viral agent ( Kramer et al., 1981),

,Infection with WEE virus aleo demomtrates a unique seasoml pattern due to

+ the restricted breedtﬂg and feeding season of its vector "population. The

41



overwintering mechanism (Caltsher et al., 1986)

'RNA genome (mol. wt. 4x10

¢
1

greatest number of infect‘tons are seen in July ‘and August (Buss and Ho’witt‘,'fl',} }-‘_'A

191.1) When the arthropod vector exhxbtts a viremic state, then the pathogen

may be passed on to an unsuspecnng host. Most 1nfecttons generally anse in
the western United'States with extensions north into.the Canadian prairie
provinces.(Fulton. 1938; Hess and Holden, 1958; Dillenberg, 1965; Kettyls, et
al, 1972; Monath, 1979). Occasional focal outbreaks of WEE.'ha-Q_e also been
reported uithe eastern United States (Hayes and Wallis, 1977).

One of the puzzles that rsmatns to-be solved in this complex ecological

’ sequence. is the process whmh allows the vmu to escape lethal consequences

ﬁha

' 1durtng harsh environmental conditions Several proposals have been put forward

to account for this phenomena (Hammon, 1948; Sebm, 1958) Reeves et al.

i} L3

(1958) suggested that the reactiva.tion of chromc latent infection in wild birds

;
following a’ quiescent winter perlod may 1n1tmte the transmisstm? cycle. A

similar theory sdvocatu?a cyclical vitemia. as seen in garter snakes, has also
been proposed (Burton, 1966:) ‘However, recent evtdence mdu;stes that

ttansovarian passage of the virus in cimicid bugs may ulttmately serve as the

1V. Morphology and Physical Characteristics ,i : o " 4

‘Much of the data. dealing with the morphological aspects of alphaviruses

‘has been gamered from studies of Smdbts and Semlﬂn Forest vmm Studxes

pertaining to WEE virus have described i.t as a small vu:ion, 40-55nm in size,

enclosed within a.lipoprotein envelope (Morgan et al,, 1961) A smgle sttanded -

6

psrticle. lrregular projections are auociated with the surfage of the vu'ion

mltom) is housed vnthin a dense. centml core "

C e
oo
|




(Simpeon' and' Hauser, 1968&b). Trent and Grant (1980) examined the structural
proteins. of WEE wvirus and determined the m'olecular. weight of three major .
protefn Jt‘,ragmen'ts. The E1l1 (\env'elope) glycoprotein has a molecular weight of
55,000 daltons, E2 47,000 and 33,000 for the capsid (C) protein. A small minor
capsid prote'm is also involved in the structural make up of ‘WEE virus (Ishida
and Simuzu, 1981). The E1l glycoprotem can elicit hemagglutination-inhibition -
(HD) antibodies while the E2 fragmenfhas beeq shown' to induce virus specific
‘neutralization (NT) antibodies (Dalrymble et al., 1973). The tapsid proteins,
whtch form'.ihe core particles, contain group-specific antigenic markers, and
therefore mduce ‘the productxon of cross-reactive antibodies. Comparative
amino acid sequence analysis between the proteins of WEE Sindbis, and Semliki
Forest vim:es have disclosed a considerable degree of sequence homology (Bell
.et. al., 1983). Such data supports the tﬁecry, that many alphaviruses’ were
derived frorn a common gncestor (Howitt, 1935). Schlesinger (1971) also
proposed that many togaviruses have evolved from a common evolutidnary link,

* ° . .
but that due to intense selective pressures imposed by a replication cycle in

2

'both arthropods and vertebrates, these: viruses have diverged from a group
‘parent. o

Proteolytic digestion of Group—A arbovu'uses has \1lustrated that WEE

' virus can be inactivated v‘rypsm treatment (Gorman and Goss, 1972). Lcss~

- of infectivity may "be due to degradation of surface ‘proteins responsible for

the attachment of the virus to cell surface rece?tom (Kaariainen and

Soderlund, 1978). A similar explanation has been put forth to account for the

loss of hemagglutination activity following enzyme digestion (Horzinek, 1973).



.
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A lipd bilayer, in ‘the form of a "unit membrane". 3urrounds the virion

.t 1organ et al., 1961 Acheson and Tamm, 1967; Grimley and Fnedman, 1970a)

Since the hpld composnxon of the v1ra1 envelope 1s Host cell dependent. 1tis -
not unusual to find a 1arge degree of variability in its btochemcal stmcture.

-

The: enyelope consists 'pnmanly of neutral- lipid most of whxch is unestenfled
cholesterol. Secondery lipids * 1nclude phosphattdﬂcno'line. ‘ spningornyelm;
phosphattdylethanolamine.y ‘and phosphatidylser’me (Pfefferkorn and Shapiro, .
1974). All togaviruses have a lipid envelope, and eonsequently"rnoy undergo
inactivation by orge;nic s'olvent's and detergents (Ventura and Scherer. 1970).
Detergent degradation has been used uto isolate | and 'charactl‘enze various
surfaoe glycoproteins (Dalrymple et al.ﬁ.A 1973; Trent. and Grant, 1980)..
Alphavimses mey. be inactivated by imlmersionﬁmto an acidic medfum, but
reveal increased stabthty in alkaline condttlons. Exposure to high temperatures
(56-600C) will also mactwate a number of arboviruses. Greater stablhty may
be achieved by placing the viruses in a protein solution at 49C or freezing at
-70°C for long term stordge (Horzmek 1973)

The development of WEE virus in a host cell is controlled by a unique
set of nuclelc actds which dlrect. the reph-catxon sequence. In 1968, Sreevalsan
and his co-workets reported the 1sola.non of three specific forms of viral RNA

The three types of RNA, dtstmqulshed by thel.r sedimentation coefficients in

sucrose density gradients, consist of 40s, 263, and 15s fragments. Biochemical

: anaiysis has revealed that the 26s form is a partial replicate analog of the 40s

genome of WEE virus (Ou et al., 1983). The 40s form accounts for 99% of the

' total infectivity associated with the wvirion. The 26s RNA is thought to act as

a mRNA that is responsible for the production of structural proteins (Garoff et

al., 1982). By using temperature-sensitive mutants, the function of specific

[
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viral 'genes thas been eMtidated'(Hahimd'to et al., 1977; Hashimoto and Simizu,

. - .

1978). Probes in the.replication cycle of arboviruses have shown tilnat_‘a 140s
structure exists."m ‘th‘e cytoplasm of infected cells (Sreevalsan and Allen, 1968).
. The lrl.Os. structure is a precufsor particle cdnsisting of ‘RNA and protein. The
-RNA pogtidn sediments at both AOS-ari_cl 265.‘-w‘hi.1‘é the proteii;\ component is '
cogp’osed of nucleocégiici vmateri'al. ,Tﬁe.i'pucleobcabsid,r core par“t‘icie eventually
becomes coated with a lipid e';xvelope derived by hddxng thromigh- the plasma ~
memﬁra‘ne (Morg;m et al., 1961; Ache§on and .Tai;gm. 1967; Scott and ,Burrage;
1984). Roci‘b; virus, a flavivirus, obﬁates the néed to bud through a membrane
tb', z;quire an envelopé, "as the virus is completely a:ésembled w;ithin the cell

.(Tanaka et al., 1983), McGee-Russell and Gosztonyi (1967) t[“ardyided suppo'::tihg

evidence that.complgfe
.
(NS and then released from the host cell!

partic'l;'.s nll-a"y be assembled within thé cisternae
of in'tracellular' mem

\ W‘;.Q; 3
V. Reglicétion |

*
L]

The replication cycle of togaviruses has received a great deal of
attention over the past few years since they have a small genome that can be

PO

easily characterized and are ehsily grown in a wide range' of cell types
‘mcli‘xdirig chick embryo fibroblasts and vero cellys (Nir et al., 1957; Singh, 1972;
Murphy, 1975; Mussgay et al., 1975), .

Dulbecco and Vogt (‘1954). in one .of the initial investigations of growth
kinetics of alphaviruses, found that WEE virus replicates at a rapid rate with
the first progeny becoming evident 1-2 hours post-infection. The v‘u‘ﬁs> passes

through an exponential growth phase ( Rubin et al., 1955), and after some 9-10

" hours the first cytopathic changes become evident. These changes are



manifested by ‘the formation of vacuoles and by shrinkage of the cytoplasm

_ (Acheson and Tamm,, 1967). At this stage v1rus production is at a plateau, and

thereafter begins to decrease. In arthropod cells the bicture is not so clear, as

‘ cytopathic changes are les frequent and infections commonly proceed to

_chronicity (Whitfield et al.,/1971; Pfefferkorn and Shapiro, 1974). Chronic WEE

virus infection of cell cultures can be achieved by prior exposure to inactive

~ virus (Lockart, 1960). Sb called “infection barriers", which play a role in
limiting the’ infensity f the infection, may contribute to the increased

frequency of chronic infections m mosquito cell cultures (Kramer et al., 1§81).

- [

Initially, rapid adsorbtion of WEE wvirus takes place allowing the virion |

to enter the host cell (Dulbecco and Vogt, 1954). The virus is able to bind to

Eell receptors through the action of surface glycoprotein units (Garoff et al.,

»

1982). Once inside the cell the virus releases its genomic RNA (42s fragment). :

This RNA servéé .és a mRNA fo code for the production of an RNA polymerase
(Ou et al., 1983). The genomic '42s RNA, termed the plus (+) strand, acts as a
template for the transcription of a complimentary strand of RNA designated
the minus (<) strand. The newly fotmed minus strand will in turn function as a
“template for the.préduc'tion of 42s genomic RNA and 26s RNA. The latter form
. provides the genetic information f_or the synthesis of v1ra1‘ structural proteins

El and E2. The combination of these and other structural protein§ results in

- e !
.M . .

the formation of a "spike glycoprotein complex'. 'Ttanslation of the structural
proteins occurs on polys;ames bordering the rohgh gndoplasmic reticulum (RER),
lwhereas the free ribosomes app;ear to be the site:'ot' translat‘ion of the capsid
proteins (K_aan'ai-nen and Soderlund, 1978). The E1 and an E2 precursor protein,
- pb2, are .takgn up into the RER where’ glyco#ylation takes place. The spike

glycoproteins are assembled and transported via the golgi apparatus to the
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plasmt‘i membrane. It is not cleariy unde_rstodd how the nucleocapsid particles

“are able to identify‘ those reg'xon§ of 'the membrane where the sptke"

- ‘-

glycoprotems. are located. Maturation by budding through the membrane allows

the naked nucledi:a'psid to become enveloped by a lipid bilayer.

\

VL. Clinfcal' Piesentation

1) .Symptoms in SEquines: ‘ . : : *

Thé fu‘st sign of an.,outb.reak of WEE 15 usuélly detected in sentinel

chicken flocks or in the local equine population (McLintock, 1976). Since man

may serve as a host for the .pathogen, then early detection of the initial

symptoms of tFns disease m horses is vital to the prevennon of massive spread

of /the vires to the human population (Ecklund and Blumstem. 1938).

Initial reports in the literature described the incubation period of ‘WEE 1n‘

man as ranging between 5 and 21 days (Mclntpsh, 19338‘ Helmg{ 191.0

_ Shonefield and Townsend, 1953). The first recogmzable symptom ‘in horses is an

elevation in jemperature (Mitchell et al., 1938) Antibodies to WEE wirus also

become evident at this stage (Bymme et al., .1964). Furthermore, muscle tremors

<

and rigidity of(me cervical muscles may become obvious at this stage. As well,
an impairment»in balance and hypersepsitivity to sound and t'ouch have been

documented (Sponseller et al.,, 1966). During the next phase, the animal

becomes lethargic with a loss of coordination and develops a charactersitic

"sleepy" appearance (Mclntosh, 1938; Morgante et al., 1968). Both bowel and
bladder functions rhay ‘be lost. A sudden marked drop in temperature may be .
demonstrated, but the most obvious. symptom is a progressive exhaustion .

" leading to death. 7 : ’ .
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1i) Symptoms in Man:

-
4 ~

Patients suffering from WEE may display a number of signs and sympto’ms

’

: , v
of varying intensity. Onginally, it was believed that this heterogeneous group

of symptoms were useful as dlagnosnc criteria for thlS partlcular disorder
.

(.Adamson and Dubo, 1942). Unfortunately, many of these umique symptoms may

be shared by several of the viral encephalitides and other related disorders

(Lennette and Longshore.q 1951). )

All age groups are susceptible to WEE virus infection (Hammon, 1961;

Davmson. 1943; McGugan, 1943).. Infants. especially those six momhs of age or
N

younger, demonstrate a higher incidence and develop a -more fulminant

infection (Platou, 1940; Herzon et al., 1957; Finley et al., 1967). By contrast,

St. Louis’ encephalitis demonstrates a proclivity for older individuals ( Barr,\‘
1934; ]ones; 1934). Sequelae are also noted more frequently in children =

following recovery from WEE (Bruyn and .Lennette, 19533. Overall, WEE has a.

[

more favourable prognosis with a . mortality rate of 5 to 15%, SLE is in the

tange of 10 to 30% and EEE approaches figures of 60-75% (Shinner, 1963;

. +Adams, 1976; Leech et al., 1981). However, WEE wirus is associated with high

e
mild infection rates with the ratio of sub-clinical to clinical infections nearing

. levels of 1000:1 in the adult population (Johnson, 1982). Males are more likely

" to be infected than females, but this has largely been attributed to

occupanonal and environmental factors rather than a genetic predisposition

(Leake, 1944).

-

Folowing infection, the onset of clinical symptoms is rapid with a severe
headache being the early hallmark feature (Weil and Breslich, 1942). Closely

asso’ciated'with this is a febrile period with "flu-like"” symptoms. such as

»

myalagia, arthralgia, chills, nausea, and vomiting which can last from seven to °

-

i1
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ten days. TQo to three.days after the initial symptoms appear neurological

" signs become apparent. Central nervous system involvement mdy be manifest by

- such signs as drowsiness, ap:athy. imbalance, stupor, and irritability. A stiff

£

neck is Alse a frequent glinical observation. Speech difficulties may result due

to the development of coarse tremors of the tongue. Patients frequéntlx

become delerious or disoriented, exhibiting various states of mental confusion.

-

Convulsions are rare in adults, but quite common in young children (Medovy,
1943; Baker et al., 1958). Stifffess of the back is'demonstrat;:d‘ on occasion,
but muscle weakness and ébnormal reflexes Aare' the most constant physical

findings. Transient paralysis is seen ’infrequently in adults. Incontinence of

bowel and bladder occurs‘in.most cases. Marked edema, bloating of the face,

and visual disturbances such as photophobia are distinctive symptoms (Hammon,

1941; Adamson and Dubo, 1942). All of these symptomé usually go on to

resolution pnce the 'temp\erature begins to return to normal. The acute phase of

A

! -
WEE lasts: approximatly one week, with the average length of illness being °

/
_ three weeks (Gareau, 1941).

Patiénts\infected by WEE virus, may succumb within 24 hours after
L)

’

" initial onset of symptoms (Rozdilsky et al., 1968). Fortunately, the majority of

cases recover with few residual effects (Finley and Hollister, 1951). Hammon
(1945) has indicated that in the elderly renal and or pulmonary. complications
are 'common causes of deatﬁ. In infants, fulminant infectibns can lead to death
within two to three days. Mﬁscuiar twiiching, irritability, and increased tension

or bulging of the fontﬁnel are symptoms restricted to.children suffering from

WEE (Lennette and Longshore, 1951). Hypereflexia, opis;thonos. spasticity, and

. pﬁralysis are seen with greater frequency in children, thereby making the

differentiation between poliomyelitis and WEE particularly difficult.

*
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.Analysv.s of the cerebrospinal fluid (CSF) can be helpful in making the

. diagnosis of WEE. A slight increase in p'ressure ar{d- protein may be detected in

the CSF. The “white blood cell (WBC) count may.range from 100 to 300 cells

) : ’ \
\&rcubic millimeter. The preponderance of these cells are mononuclear being

", either lymphocytes or macrophages, though polymorphonucieav cells may be
,pres;ent. Early in the course of the disease polymorphs will pred[aminafe.' but
‘.event'ua.lly the mononuclear cells become dominant (Hammon, 1941). .Cohen et.

N : (Y

al. (1953) observed a similar trend except in their study ‘the PMN cells were’ -

[y

prominent in yo(mger age groups, whereas older individuals demonstrated a -

L]

" lymphocytic response. '

VIl Sequelae

As was .po‘mtéd out i)y Noran and Baker (1943), %he significance of a
disease entity shousld not be judged solely on its 1eth’éﬂ, potential. Eveﬁ though
WEE has a relatively low mortality rate; studies have shown-that ‘the incidence
of “severe residull effects can be quite high (Palmer and lz‘inley', 1956). This 1s

)
particularly true Nr children less than one year of age where the frequency of -

sequelae may be well over 20% (Finley €t al., 1967). Herion and his I:)ciates.

(1957) have providé an excellent summary on the likelihood of devel g long
’ . +

te;ﬁ complications following an acute inféction ;>y one of the major, arthropod
bomg ence[;halitides. From this study, it is apparent that WEE wvirus plays a
signihcant role in contributing to that fraé't‘ion of the population suffer'&ng -
from neurological disorders attributed to \(ix’al- infection. Since the frequency

of sub—clinical WEE infections is quite high, it is important to.establish those

signs and symptoms that constitute sequelae in order to make the proper

1
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diagnosis. The presence of many of these sequelae should not be considered

unicIixe to WEE, but mather to arboviruses in general (Brown et al., 1958).

In mfants less than one month of age, over SO"’ of those infected have

n shown to suffer some form of bram damage (Eamest et al.. 1971). On the .

other hand, only 5% of the adult populanon suffenng from WEE have defm1te
51gns of neurologmal impairment. - Initially, Daws (1940) reported sngns of

deaf&ess, blindness, mental deterioration, and spast1c1ty as being md1cators of
v?

T a -previous infection with WEE virus. Recurrent convulsive atticks are also

$
mdlcatlve of a former infection (Noran and Baker, 191.3, ‘Baker, et al., 1958).

Othor forms of residua mclude d1ff1cu1t1es in speech rigidity, wexght loss, and
psychological dysfunction (Mul&er et al., 1951). Finley et al. (1951) descnbed
patients wu‘\ continuous headaches, tremors, and abnormal reflexes. ‘Aotor
neuron& d1sturbances are suggested by 'marked pyramidal and extrapyramdal
symptoms along with partial paralyms‘ and muscle weakness. Evidence® of
p&rkinsonism has also been found in a few cases, generally occurring as a
latent symptom (Muldet et al.,, 1951; Palmer and Finley, 1956). ' .

Finley and his co-workers (1967) were able to classtfy the re51dua1
effects as two types:“l) qogmtlve and 2) behavioural. The type and severity of

the sequelae varied according to the length of the latency period s&bsequent

to the acute attack. Their study indicated thatewhen sequelae occurred a short
. . . B N

time after the inciting infection, the residua commenced as behavioyral,

14

disorders and gradually took on cognitive features. Cogﬁitive impairment was _ ,'

the principle late sequela. The incidenc\e and severify of these residua yere.

also correlated with the presence of convulsive attacks during the ac hase

{Finley et al., 1955). The authors concluded that an acv..xte infection with WEE

virus in a young child will result in aberrations in cerebral deselopment leading



to intellectual and psychologiéal deficiencies. Bruyn and Lennette (1953) have
)

also 'cited, WEE virus as the possible causative agent for many obscure

4,

'neurqlogieal disorde‘rs' in children. A similar argument was put forward by'

Fulton and Burton (1953), who claimed that much of the mental instability seen

in Canadxan mental institutions could be the result of asy'nptomatlc infections

wnh V&E virus. These speculations remain unproved

“VIIL, Pathogenesis of WEE Virus '

The pathog:;esi,s ef afboviral agents invading the central nervous system
(CN‘§) has been intensi.vely studied (Hurst, 1934; McCordock et al., 1934;
Smadel and Moore, 193'4: Quong; 1942; Zimmerman, 1946; Xissling and Rubin,
195t; Ali;techt. 1957b; Jungherr et al.; 1958; Shinner, 1963; Miyake, 1964;
Ya‘suzumiet al.,, 1964; Yusuzu;i and Tsubo, 1965; Craighead et al., 1966;
Seamer ‘et ala, 1967. Murphy et al,, 1968; Liu et lal., 1970; Weiner and Cole,
1970; Reyes et al., 1981; Shankar et al,, 1983). Unfortunétely, there are still
mmy gaps in our understanding ‘of /the pathological pz\cess. Several factors

might l:ontn‘bute .to- CNS invasion by a virus. These factors include the

i wmlence of the ‘parncular viral stram. the host defense, and the route of

entry into the brain (Albrecht, 1968). The bulk of the research has attempted

(Sabin,* 1938; Sabin and Olitsky, 1938; Fnedmann. 191.3? .Johnson, 1963, 1965;
B
Huang and WOng. 1963; Nir et al., 1965, Ojeda, 1980; Gnmley. 1983. Monath et

al., 1983; Kmtensson et al., 1984a).
N

to elucidate the various pathways available- for viral entry into the brain.
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1) Pathways of Virus Spread Into the Brain:

Johnson a.nd‘ Mims (1968) have provided' an excellent review elaborating
Fhe possible routes of viral entry into the >CNS. Thére appear to be three major
pathways, the hegnatog_eneous route, thg neural route, and, the.olfactory route.

The route taken following a hqtural infection will depehd‘ upbn: 1) the route of

inoculation, 2) the original site of viral replication, 3) the infecting viral dose,

and‘d) the host defense mechanisms (Grimley, 1983). ’

A neural.route was readily petcelived due to the anatomical connections
between the peripheral and central nervous systems._ Studies caméd out on
raﬁies virus have become &he hallmark examples of virus transmission via nerve
tracts (Murphy et. al.,, 1973a). Using immunoﬂuorescéent techniques, other
viruses such’as herpe¥ simplex'virus have also been identified along neural
pathways (]qhnson. 1963). This virus appears to travel down the n;rve by
'mfécting endoneural cells such as Schwann ce}ls. Eve;xtuany, it was found that
axonal transmission and sprqaél via ne\;ral lymphatics could also take place
(Janssen et al., 1984). ) | |

Migration of virions from the nasal region to the olfactory bulbs was

established 1onguago (Brodie, 1934; Sabin,. 1938). However, the exact mode of

. transmission along the olfactory route continues to be the centre of debate

(Monath, 1983). Origi{\aily, Sabin and Olitsky (1938a) suggested that this was

. the sole pathway into the CNS. " This theory was boistered by evidence from

Hurst (1936), who pointed out that virus need not be inoculated directly into
the nasal }égion, but could reach the olfactory gland by the 'peripheral
circulation. Following intranasal indculation sequential analysis of brain tissue

taken at varying stages following infection indicates that the olfactory bulbs
. . C

[ L]

are in fact the original site of viral replication within the CNS (Webster and

16
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Chow, 1936; Albrecht, 1967b; Monath et al., 1983). When travelling along the

olfactory system;, there are‘ two pathways which can be taken, Arboviruses may .

infect the nasal mucosa, extend into the sub-arachnoid cuffs and cause a
diffuse infection of the meninges. The second and more likely route, involves

the invasiori of neural cells asgociated with the Bdlfactory fibres which ’enter

Nasal ‘secretions have dlso been implicated in 'the transmission of arboviruses
an;ong man (Froeschle, 1964; Monat}"l et al., 1983). Mindful of the fact that
most arthropod-borqe viruses are deposited into the' human cifculation by
mosquito vectors, the olfactory route likely plays only a minor role ir; the
dissemination of vtms\e‘s into the cerebral tiss¥e (Johnson, 1963). ‘

The major path}'way of virus spr‘ead'into the JCNS1s thought at present to
occur via the bloodstream (Johnson, 1982). Hematogeneous spread requires 'a
sufficient level and duration of viremia to overcome the host defe;;'xse systems,
Extensive wiral re;?lcation &f an extraneural site must take place in order to
maintain the viremic state. Nir et al. (1957) illustrated the vascular

endothelium as a prime area of intense viral growth. Thus,vvlru'ses proliferating

\)ﬁ:ly into the brain. Research has shown that Herpes simplex virus is
capable of travelling along the olfactory nerve into the brain (Ojeda, 1980).

in the endothelial lining of the cerebral blood vessels could easily grow

‘through the vessel wall into the CNS (]ohnsqn. 1965; Cole et al.,, 1970).
Nevertheless, there are numerous instances 'v—vhere virus proliferation in vessel
walls has not been implicated (Bhamrapravity et al., 1964; Mims, .1964).
Consequently, many secondary sites of extrfheural infection have been
investigated including muscle tissue, hee‘art., spleen, pancréas, intestines, and
brown fat (Murphy et al., 1973b;-Harrison et al., 1980, 1982). Among this

group, virus growth in muscle tissue has generated the most interest (Grimley
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and Friedman, 1970b). Once the virus gains entry into the host, multiplication
occurs primarily in muscle tissue at the site of eq}ry. Vj.rus progeny will invade
“the Iymphaf}c system and subsequently enter the systemic circulation (Janssen
et‘ al., 1984). If the infecting inoculum is of a sufficiently high dose, viral
replication may reach adequ&te levels to maintain a viremia, thereby z’mow‘mg
infection of the cerebrovascular endothelium. In a previous study, Wong (1963)
* lent support to this theory when he was able to demonstrate that a peripheral
growth phase was required before infection of \the CNS could take place. If the
pathogen is virulent an active encephaht'ic process will ensue (Monath and

Trent, 1981). ~

Passive transmission of virus particles across blood vessels may also

explain seeding of the grey and white matter (Albrecht, 1960). This concept

has been attributed to an alteration in the electrochemical botential at the
site of the barrier which -.iesuits in an increlase in membrant 'permeabﬂity
(Friedmann, 1943);

>The blood—cerebro§pinal fluid route provides an alternate pathway into

the brain. This route has come under close scrutiny by pesearchens Because of

»

the _porous endothelial lining of the capillaries within the chorotd plexus. If

virus pafncles can escape from the clrculanon through the vascular plexus into
the CSF they may enter the ependymal cells which lme the ventricles *of the
brain thence reach brain parenchymg} cells. Several reports have indicated that
(e?endymal cells and epithelial cells of the choroid plexus are tntimétely
involved in the infection process (Hamashima et al., 1959; Liu et ai.. 1970;
Sh{mol{ata et al,, 1976; Kristensson, et al., 1983; Janssen et al., 1984). This

evidence-is strongly suggestive that the movement of viruses occurs from the

bloodstream to the brain by way of the blood-CSF route.
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Two o‘ther~modes of entry which have not received a great deal of
4 .

consideration are the enteric and tran:splacen.tal pathways. Transmission of
arboviruses across the intestinal mucosa seems/.t\‘o‘ be an unlikely event. Since
arboviruses are composed of a lipid envelope, the prqbabiht-y fhat they could
withstand the harmful effects of digestive‘enzymes-and bile are very remote

(Ventura and Scherer, 1970). On the other hand, pbhovirus which does not have

a lipid envelope, can penetrate through the intestinal mucosa resisting the

*

damaging effects of enzymesy 3'&15,' and bile by. virtue of a tightly knit |

" nucleocapéid shell. ‘ .

“‘vadence demonstrating transplacental transmission- suggests that this is
a viable route of inoculation (Cohen et al,, 1953; Shonefield and Townsend,
1953; Copps and ‘Giddlngs, 1959). Since fetuses infected with WEE virus may
suffer severe malformations (Moreland et al., 1970ab), this route should not be

dismissed. The matter requires further study.

i1) Host Response to Neurotropic Viruses: ,

Once viruses reach the peripheral circulatio;'\ ‘they become éxposed ¢ a
full array of human defense mechanisms. Macrophages effectively clear thé
virion from the bloodstream reducing the viremia and lowering the probability
of s&:ondaiy 'mfecﬁon of the CNS. McFarland et al. (1972) demonstrated that
the mor‘mr;uclear cell;s which respond to a Sindbis induced encephalitis in mouse
braiﬁ are virus specific.

Interferdn production has also been postulated as-a means to control

, neurotropic viral infections, but the evidence has been inconclusive (Cole and

Wiseman, 1969; Shimokata et/al., 1976)
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Neutralizing antibodies are also seen-'as effective against viral infections

of the CNS. Howitt (1932) and Zichis and Shaughnessy (1940) demonstrated the

prophylactic potential of immune sera in the treatmen‘t of WEE. They noted a
'signtficant reduction in the intemﬁty of infection following the administration
of 1‘mmune sera during the acute stage. Virions are also cleared at a féster
rate when pre-mixed with immune sera (Mims! 1964). Jahrling et al. (1983)
suggested that opsonins were the key elements in inducing rapid phagocytosis
of virus particles from the circylation. Schlesinger (1949) infez:red that local
antibody production was imp{rt/:lnt in preventing widespread wviral invasion.
Morgan et al. (1942) had previo-s'1§' reported that only sufficiently ele\)ated
levels of antibody would confer immunity in g{?n host. The majority of host
immune mechanisms are helpful iﬁ staving Woff Peurofropic vu:uses but as
pointed out by Cqmeng; and Nathansen (1975), some immune responses may be
more deleterious:than the actual 'mféctious proéess.

Resistance to /viral attack ‘may -also be a function of genetic

determinants. Sabin (1952) was able to show that certain inbred mice were

resistant to flavivirus infection due to an autosomal dominant allele. Other

factors which are known to contribute to the overall pathology of

neuroinvasive viral infections include the age of the host, the infecting. viral
dose, and the virulent character of the virus (Craighead et al., 1966). The
relationship between age am:l the developm;nt of disease has been studied most
extensively (Olitsky et al., 1934; Sabin, 1938; Gleiser et al., 1962; Grossberg
and Scherer, 1966; Seamer and ‘Randles; 1967).

Genefally speaking, imma.ture or newborn :animals tend to be much more

. susceptible to arboviral attack than older individuals of the same species. This

phenomenon was originally attributed to an~'m¢teased resistance of the mature
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host due to the development of localized protection barriers (Sabin and
Olitsky, 1938a) thought to be situated m blood vessels, in the olfactory region,
and at n;yoneurai junctions. Howevér, sopi\isticated ultrastructural techniques
have failed to reveal th't;.ir presencé. : | | _"
Immattihty of ‘the. immune sys‘temb in a newborn may also be responsible
for the increased susceptibility to disease. Johnson (19%4) reasoned that in

oldercnimals the macrophages were more functionally mature, and therefore

could proceed more efficiently in clearing viral particles from the bloodstream..

A heightened antibody response may also account for the immune status in
) ’

' these hosts, but the evidence ‘for this has been conflicting (Morgan et al.,

-

1941). It is also beleived that high viral multiplication rates, associated with

increased virulence, may overwhelm immature defense systems leading to high

a

titred viremias which are more likely. to ‘produce CNS involvement (Eldadah et

al., 1967). Virulence, may therefore be a reflection not only of increased

‘repli_cation rates but also the presence of efficient cell reéeptors (Cole et al.,

1970; Janssen et al., 1984). The extent of the inﬂammatory lesions seen in a

histopathological picture will vary according to the intensity of the

'encephalitis. In fulminant infections the lesions will be minimal.

Dosage is another variable that can influence the course of wviral
infections, Grossberg and Scherer (1966) postulated that large vira’nocula

could saturate the reticuloendothelial system (RES). This' would allow

inumerable viral particles to exist in the circulation so as to negate any

appreciable effects by actively phagocytic macf'o;;hqges. Seé‘éndary neural
invasion will increase in probability following a substantial initial infection

(Wiener et al., 1970).
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iii) Viral Passage Within the CNS:

Once an invading viral agent has reached the central nervous system,

three avenues of further Sp}ead are available. Firstly, virus dispersion may

take place through the extracellular spaces of the brain parenchyma. Electron
microscopic studies of the neuropil have showln:x that these spaces are
approximately 10-15 nm in size (Wolinsky anEi johnson. l98(l)).'A'rbov1mses are
in the order of 40-70 nrh in size. Therefore, arboviruses ‘appear to be too large
to pass through these spaces. However, Gtoup—A aﬁd Gro'ﬁp-B viruses have

been detected within the intercellular gaps (Bhnzmger and Muller, 1971'

»

Bastian et al., 1975) Fixation arufact was beheved to be respon51ble for the )

discrepancy in size between the virus .and the intercellular spaces. Therefqre,
_according to these studies the intercelluldr spaces .may function ag pathways
for the dispersal of virions within the brain. S '

A readil); apparent method of viral propagation' within the CNS involves

the transfer g/v/ifuses in a cell té cell manner. Grimley and Ftiedman (1970a)

explained widespread localization of 'wirions in brain’ tissue as occurring via

-

axoplasmic transport systems. Focal areas’ of infection can be envisaged

.,
*

*
-

system provided that susceptible .'neural elements - are _linked by long .

cytoplasmic processes (Johnson and Mims, "19'68). Immunofluorescent studies of

West Nile virus have also.suggested axonal transmission as a means of viral"

4

propagatlon (Eldadah and Nathanson, 1967). Furthermore. the presence of v1rql i}

antigen in penpheral nerves late in the mfecnon strongly suggests centrifugal

spread.

following this groute. Widespread areas &f infection can also occur uby this
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The final route fof viral dissemination in the brain resides with the role

. of glial cells, These cells can function as migrating foci of infection, carrying

\ the pathogen to distant sites within the nervous tissue (Mims, 1960; Blinzinger

and Muller, 1971). This concept has been received with much skepticism due to

the minimal evidence supporting it.

1v) Susceptible Cells Within the CNS:

Not all cells within the central nervous system are equally susceptible to '

viral infection. For instance, poliovirus attacks motor neurons, whereas herpes

simplex virus is capable of infecting a wide vériety of cell types (Johnson and
Mims, 1968; Wolinsky and Johnson, 1980). Arthropod-borne viruses ihfe’ a

limited population of neurons within the CNS which results in a charactenstic

4

clinical picture (\Iathanson et al., 1966; TFinley et’ al., 1967). Areas

demanstrating parncular suscepnbthty to viral mfecnon include the substantia

- nigra, the vestibular nuclei, the cerebellar cortex and the anterior horn cells.

Reyes et al., (1981) also believe that specific nuclear groups are more prone to

infection with viral agents and that these groups may be useful as "indicator

centres" semng to dlstmqmsh recent viral encephahudes. Other nuclear

' groups whlch have shown heightened sensitivity to v1ra1 invasion mclude the

-
hippocampus, cerebral cortex, hypothalmus and the dorsal nuclei of the medulla

(Kisslmg and thin, 1951). Other factors thought- to contribute to the

increased susceptibility of neural sub-populations include the degree of cellular

differentiation, the mitotic rate of a given cell population, and their access to’

readily available portals of entry such as a locdl nerve fibre (Johnson, 1980).
’ . : M ' . ‘

- o

[
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IX. Pathological Features of WEE Virus Infection
1) Gross Pathc;logy:

WEE wvirus may infecf several visceral organs including the liver, splgen,
kidrieys, skeletal m@cle, adrenals, z:md salivary glands (Howitt, 1932; Aquilar,”
1970; Liu et al,, 1970; Leung et al., 1978). However, the most serious
pathological consequences occur when this virus behaves as a ﬁeurotroplc
agent‘ attacking the central nervous.system. Gross examination of brains frofn
;')anents dying soon after an ac.:ute' infection attn‘bﬁte& to WEE vitflm re._veal§
édematoﬁs cerebral tissue with corigested blood vessels. The latter are most

prominent on the surface of the cerebrum and the meninges. Petechiae are also.

24

common findings at autopsy and occasionally sybarachnoid bleeding and a .-

bloody CSF may be founa (Baker and Noran, 1942). .
Noran and Baker (1943) cited the presence of several cysts in the frontal

and tempoi‘al regions of the brain of a child with chronic WEE. The. cysts were
separated by a thin wall of fibrous tissue, Baker et al. (1958) believed that

these cysts were the result of a thicken'mgv of vascular walls and a secondary

oligemia. These cysts have been an infrequent finding and in fact are likely to

represent long term patterns of degeneration. In some instances, there are no

patholaéical lesions in the nervous tissue (Andefson, 1984).

A possible secondary complication of WEE 1s the development of a mild
pneuhonitis (Rozdilsky ei al., 1968). An inflammatory response may also be
~‘observed in other organs (Aquilar, 1970). The intensity of the reaction wili
vary with the site of inoculation (Nir et al., 1957; Liu et al.,, 1970), but the

distribution of the viral égent in the tissue remains the same (Albrecht, 1968).

-
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to reproduce the typical signs of encephalitis, whereas other animal species

- 25
it) Micro-anatomical Pathology:

WEE wvirus produces a typical histological picture following infection of

‘the nervous system. The pathological features have been observed in numerous

animal species including burros, horses, mice, squirrels, and man (Binn et al.,
1966; Sponseller et al.,, 1966; Aquilar, 1970; Leung et al., 1975, 1978;
Anderson, 1984). On occasion, experimentally infected infant mice have failed
tend to develop the complete microanatomical derangements (Liu et al., 1970).

The classic histopathological signs of viraj encephalitis include the
gi . ,

localization of inflammatory cells around bleld vessels (perivascular cuffing), *'

aiéng with scattered regions of foca.l“ neuronal neérosis (Adams, 1973).
Astrocyte proliferatior; and nests of microglial cells are also ty‘pical featytes
of the CNS during an encephalitic attack (Noran and Baker, 1942; Zlotnik,
1968). In WEE, periv,ascuiar cuffs or collars are diffusely located throu{ghout
the brain (Peers, 1942). These collars of cells consists mainly of lymphocytes
and mgcrophages but polymorphonuclear cells (PMN) may also be present (Baker
and Noran, 1942). The cells may invade the adventitia and lead to distention

and congestion- of Fhe pen‘véécular space (Quong, 1942). Large veins tend to
accumulate lympholcytes,'. wh;Ie the smaller vessels become encircled by ’
macro‘ph'ages (Baker et al., 1958). It also appears that polymorphonuclear cuffs
are more prevalent in the grey matjcr, whereas macrophages and lyhphs
predomi‘:xate in the white matter (Baker agnd Noran, 1942). When PMN cells
infil;ra-te a blood ves$e1 a’,mic'roabgcess may {qrm in the sufrounding tissue.
Cyst formation and the develgpmer{t of microabscesses were thought to be

characteristic features of WEE, but these lesions have also been described in

-other arboviral encephalitides (Zimmerman, 1946; Shankar et al.,, 1983).

~



Hyperplasia ot: the endothelial lining of cerebral vessels is commonly associated
with acute viral encephalitis (Noran, 1944; Nir et al., 1957). The intimal lining
’fnay expand %o such an extent that vascular occlusion results. Suppurative

thrombi due to leukocytic infiltration have also been documented (Noran and

Baker, 1945). In chronic cases of WEE, hyalinization and ' subsequent .

calcification of vessels has been known to occur (Noran and Baker, 1943).

These authors have suggested that the cellular infiltrate, in accompaniment _

with endothelial proliferation, leads 'to vascular ischemia and predisposes the
nervous ti;sue' to necrc;tic damage. This ‘daté would support the ltheory that
vassular occlusion is a pri'm.ary response to viral replication follo;red by
gecdndary nerve c_eil damage. Several authors have put forward an opposing
point of view ?tatmg ’that périvascular cut‘ﬁng. is a ‘seéondaty ph;;xome.na
following initial neuronal destruction (‘Weil and Breslich, 1942; Zimmerman,
1946; Finley and Hollister, 1951; Shinner, 1963).

Many of‘ the ggrly dggenerative changes Qeén in neurons occur in tho.se
po'pulahon.s intimately associated with blood vessels. Several investigators have
offered this as proof that WEE virus is transmitted via a hematogeneous route
(Larsell et al., 1934). The damaged neuroné_ r'nay be sw‘ollen or shrunken and
have an eccentric or pyknofic nucleus (Weil and Breslich, 1942). Neurons
localized in damaged areas t;ave been shown to contain aggregated neurofibrils

along their cell wall (Peers, 1942). Focal areas, of necrosis may be inundated

~ with lymphocytes, -polymorphs, and microgliallf';‘e'll’s kAdams.. 1976). Quong (1942)
A

observed numerous microglial 'rod .cells" in necrotic centres while invesktigati‘ng'

an outbreak of WEE in Canada. These necrotic foci appeared as moth-eaten

lesions. usually associated: with si)ongiform encephalitides.. The vacuolar lesions

may be up to’ 1mm in diameter and are situated only in the grey matter (Peers,

.



1942). Such lesions are much more prominent in . EEE (King, 1941). Several
écattered microglial nodules or nests ,containing intact -neurons can be
visualized in cases of WEE. Gliomesenchymal nodules are also a common finding

in ~arboviral infections of the nervous system (McCordock et al., 1934;

Wesselhoeft et al., 1938). Th‘ese sites can exhibit mitotic figures and'_may vary

in their density and location. The white matter contains fewer and more

compact nodules which lie in close proximity to blood vessels. Finley and

Hollister (1951) determined that PMN cells were associated primarily with’

young nests of 'microglia. The microglial cells phagocytose degenerating

neurons by a process knq\m as neuronophagia ‘leaving a clear zone in the

neural tissue.

Zlotnile 1i968) noticed a marked degree of astrocytic hypertrophy and
hyperplasia during the acute infection' stage. The astrocytes became prominent
prior to an inflammatory ;'ea"ction. Foci of astrocytes can coexist w‘ith‘areas of
sub-acute polymorph aggregation (Baker aﬁd Noran, 1942), bJ.bxrt 'pan undergo
dissolution along with the other cellular elements in the local environment.

'I;wo patholoéical signs which comple;; th;e histological picture of WEE
are petechial hemonhaées and foci of demyelinization (Noran and Baker, 1945).
Hemomhaées if present, can usually be detectec.i on the surface of the brain
during gross inspection. Demyelinization is restricted to a4 few regions in the
brain may be seen with destruction of axis cylinders (Noran and Baker, 1943).

Ea:ily. investigators believed thét the presentation of the major features
of -WEE were 'in themselves pathognomonic (Noran and Baker, 1945). Howé\;er,
the: study of ' other '.encephalitic disorders has demonstrated considerable
overlapp in’ pafhological features, thereby making the histopathological

diagnosis of WEE extremely difficult (Lennette ;an& Longshore, 1951). :

% .

~
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X. Localization of Virus and Patholog:xcal Lesions in WEE

v

- The pa Ib’logical features ~ of‘ WEE by themselves may not be
pathognom.oruc, but when they are associated with -a~dist1nct distribution
pattern they may be utilized to differ‘entiat'e this ;iisorder from other t‘dfms of
‘encephalitis. h

Peers (1942) was the flrst fo carry out an extenswe study of .the
anatomlcal distribution of the lestons found in WEE HIS investigation _'revealed

a moderate number of. lesions on the dorsal and anterior aspects of the

cerebral cortex. This observation has been confirmed“by numerdus other studies

28

(Quong, 1942; “Rozdilsky et al.,, 1968). Qlfactory bulbs may become infected

depending upon the toute of inoculation and the duration of the

infection (Albrecht, 1957b). Various authors (Sponseller et al., 1966; Leech et

al., 1981) - have found that the occipito—pa;iétal area is more severely affected’

than the temporal and ffontal r,eéion of the cortex. These results are somewhat

similar to ithe fidings of Noran and Baker (1943), who reported marked nerve.

cell damage, mild astrocytosis, and intense vascular congestion in the

«

tempo-parietal region of the brain with less extensive damage in the occipital

region. lsolated perivascular Cuffs and areas of partial demyelinization may
also be seen in the \)hite matter of the temporal lobes.

Sub—corncal damage may be quite promment and is parncularly extenswe

.

in the basal ganglia (Noran, 1944). Occasional glial nests may be present in the

N

sub—cortical white matter of ‘both the cerebrum and cerebellum (Finley and

~

!

. -

Hollister, "1951). In the basal ganglia, the anterior portion. may be. more.

stripes can also exhibit extensive’ histopathological' lesions. Conversely, the

severely involved, nonetheless the putamen, the caudate nucleus, and the gréy‘

e
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antenor perforated substance and the amygdalmd nuclel off,er little evidence -

B B

- of an encephahns. Thlck-wa'lled blood vessels with advanced stages of hyaline

formation are commonly wsuahzed in the basal gangha, the cerebral white
matter, and dentate nuclei of patients suffermg.wnh WEE (L:ech et al.,, 1981).
The globus: palhdus and the penventncular grey matter- rhay have- few glial
nodules. and moderate numbers of necronc nuclei. Generallj' speaking, neuronal
mvolvement is less evident in theucorpus callosum and fornix. lf. the infection
is relati\_rely. severe,' than a feQ» lesions may become evident in the anterior

corpus callosum (Noran and Baker, 1943).

Severel investigations have demgnstrated that the: corpus stnatum 1s the

site in the brain most likely to show 51gns of encephalitis followmg mfecuqn ’

with WEE virus - (Liu et al., }-970 Anderson, 1984). Necrotic neurons are
£

commonplace, especially in cldse proximity to blood vessels of the cortex in

<

.the white matter of the corpus st_riatum??roliferatibn of astrocytes, is a

constant observation in shis region of the brain. Evidentce of viral replication

Has also been seen in the ependymal cells lining the ventricles and the

29

endothelial cells of the choroid plexus. Overall, the thalamus has fewer lesions - -

than the basal ganglia. Foci of microgliosis can be appreciated in the thalamic

. nuclei with a few raee ‘foci in the sub~thalamic, maxillaty, and lateral

e

s . .‘f" ) ' .- o ) .
‘geniculate bodies. . i%
-4 ‘ o, 1 .

The hxppocampus shows extreme vanablhty in its response to an.attack

t ~ "

by WEE wvirus, The degree of cerebral involvetrent in this region corresponds
: .. )
_directly with the intensity of the the acute disorder. The pyramidal cells are

-~ the major site of vu.*al replication. In fulminant cases, glial nodules may appear

in the small cell layer of the dentate gyrus. St111. it is not uncommon to find

that the hlppocampal regwn of the brain is corﬂpletély Spared

\

) o,
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“In the midbrainv, the substz;ntia nigra is the area that is chiefly affected.
Small focal lesions may be’'seen in the grey mitter andla‘round the équeduct.
The red nuclei may also be involved. Children will present wi_th‘.va moderate
number ér lesions in the substantia nigra, v;hereas adults generallly demonétrate
a more widespread distribu.non. | | ,

In the. pons, there are a few isolh.ted necrotic nerve cells with damage
bemg limited to the inferior olives, the dentate nuclei, and the nuclei of the
tegmentum. In rhe base of the brain, a rnoderate ndmber of foci in the

intrafascicular grey matter are observed.

The cerebellar cortex may contain large glial nests ‘surrounding. a rare’

necrotic Purkinje cell. This results in the formation of a clear zone. Large
: ‘ 4 _ Pl
nodules tend to be prominent in the dentate nuclei. Vertical streaks of

" microglial nodules have also been described in the molecular layer (Peers,

191.2)’._ In contrast, EEE displays few histopethological changes in the
cerebellum (Kissling and Rubin, 1951; Derrt. 1955).

Both sensory and motor neurons in the medulla are affected. A few large
glial nodules may form in the grey matter and m the hilus of the”inferior
olj?es which in turn appear as swollen bodies with pyknotic nuclei. Small ar(;s'
of glial hyperpiasia are located in 'the- pyramies and reﬁtiform bodies. A few
scattered nodule'e exist at the midpoint of the medulla: in the ‘grey and white

matter. ¥o

The spmal cord. may have severely damaged axis cyhnders. There are

cuffmg of blood vessels. The lesions are sequestered primarily in the. grey
#
matter of the anterior and postenor horns, Sponseller et al. (1966) reported a

‘ moderate degree of neuronophaga, satelhtosls, and aggreganon of neutrophlls. '

P
focal and diffuse afcumulations of PMN cells and lymphocytes with some .
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The ganglion cells of ventral horns are only mildly affected.'gemyehmzanon is

" patchy or not evident in most human cases of WEE. A few glial nodules can be

seen in the reticular process and nearby within the base of the anterior horns.
Immunofluorescent investigations indicate that at the cellular level

specific arboviral antigen fluorescence is limited primarily to the cytoplasm of

infected neurons (Eldadah and Nathanson, 1967; Liu et al., 1970). Fluorescein

" tagged antibodies have further localized viral antigen in neuronal dendntes and

axons. These .authors have also reported sighting a few infected microglial
cells. In a few instances, arboviral antigens appeared to be intranuclear

(Hamashima et al., 1959; Yasuzumi and Tsubo, 1965; Cole et al. 1970;Harrison

et al.,.1980).

Y .

XI. Diagnosis of Arboviral Infections

Conventional methods utilized for the diagnosis of arboviral infectfbns

. * .
consist of 1isolation techniques and serological analysis. Today, several

alternative -procedures may be employed to determine the causative agent of
an encephalitis. These techniques include immunofluorescence staining, electron

microscopy, immunoelectron microscopy, immunoenzyme assay, and

radioimmunoassay (Casals, 1979).

i) Standard Methods of Diagnosis: ' .

L

‘The specific diagnosis of WEE and other arboviral encep'halitideﬁ requires

both the isolation of the virus pathogen from a clinical specimen taken during

the acute phase of the disease, and the demonstration of a significant N
.

serological response. Unfortunately, recovery of an arbovirus is 4 raresevent
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due to a number of variables associated with the isolation procedure. In order

“to isolate the virus from a clinical specimen, that specimen must be collected

at the appropriate time during the course of the disease and must bYe hanpdled
properly to maintain the-viability of the pathogen. In arboviral infections} the
symptoms begin to manifest themselves at the end of the viremic stage. As a

5
o ¥
result virus isolation from a blood specimeh is almost never achieved. |The

specimens which are collected at appropriate intervals are frequently
improperly handled. They may be exposed to a variety of 'temperatures; and

transported for long periods of time, thus reducing the chances of wiral

recovery. In a few instances, CSF dnd throat swabs may yield virus. However,

brain tissue serves as the optimal source of the pathogen. Biopsy or autopsy -

material is homogenized in a suitable diluent and inoculated into a susceptible

host species or cell culture. Intracerebral inoculation of suckling mice (1=3°

Qays old) is the accepted method, although other animals such as hamsters and
chick emb:yo':; have been utilized. Com.monly used cell types for viral isolation
include chick embryo fibroblasts, vero cells and mosquito cell cultures (Monath
and Trent, 1981). Infected host animals or cell cultures are closely monitored.
Sick or moribund animals are sacrificed and suspect infected organs are
utilized to reinoculate the 'same host species until an ele\ﬂtei viral titre 1s
achieved. Cell cultures w;.ll demonstrate cytopathic effect (CPE) or infectivity

plaques. Fluorescent antibody assays or immunoperoxidase methods may be used

to detect replicdting viral agents in tissue culture. Following serial passage in
a susceptible host which consistently demonstrated recognizeq signs of illness,
the tissues and sera may be tested by hemagglutination or complem¥qt fixation

tests to identify the serotypa. To confirm the diagnosis neutralization tests

- will be performed. Rarely used methods of " identification include size

32




detet:mmation by filtration through a porous membrane, or sensitivity to ether,
deoxycholate, and acids.

Three major seroﬁbﬁilcal techniques are available for the identification of
‘virus isolates. These are neutralization (NT), complement-fixation (CF), and
hemagglutination-inhibition (HAI)‘tests.' These assays can detect the presence
of specific antibodie§ where demontration of a rising. or fallin'g antibody titre
between an acute and convalescent serum sample: will confirm the diagnosis.

The complement fixation test is an extremely useful diagnostic techmqué

in arbovirology. The CF test, first applied to the diagnosis 'of neurotropic

viruses by Casals and Palacios (1941), can detect antibodies which appear for

’

only a brief period of time. Since CF antibodies do not begin to appear until .

two to three weeks after initial infection, this method cannot be used as a
rapid diagnostic procedure. Nevertheless, one of the advantages of this test is
that it allows the differentiation of closely related species within a serological
group, that is it is type specific. Among the difficulties associated with this
assay 1is thg development of anticomplimentary activity in sera,
misinterpretation of results due to immmologiéal overlap, and the lack of
sensitivity in determining previous ‘infections.

Thve hemagglutination—-inhibition test serves as a screem‘,ng‘procedure in
the identification of arbovirus infections. For the most part HAI anti‘bodies ar\e
group specific, but in the c'aée, of alphav:ruses these antibodies may on
~occasion be type specific (Monath and Trent, 1981). HAI im.murioglobuhns will
peak :early and then fall rapidly before levelling off.’ These antibodies <;an b:

detected for several years. Non-specific inhibitors of agglutinins can be found

in normal sera. The inhibitors are mainly lipids and hpoproteins which cah be

33



\ D

removed by adsorption to kaolin or by inactivation with pro}amine 'sulphate.
The removal of these inhibitors can however alter the antibody titre.

The neutrahz?tér: test is-the most type s;pec'iflc serological assay of the
three tests. This pro::edu.re is based on the ability of host antibodies to
neutralize a standard suspension of virus present in a host animal or cell
culture.‘ Neutralizing antibodies appear .early and are extremely long lasting.
Similar to the HAI test, non-specific inactivating substances may be present in
human sera, thereby requiring heat inactivation. The severest limitation of this:

procedure is the length of time required to obtain a result,

‘11) Recent Advances in Arbovirus Diagnosis:

Immunofluorescent (IF) antibédy techniques . have gained an 1increasing
amount of use in the detection of arboviral antigens (Bhamrapfavata .et al.,
1966; Liu et al., 1970). Fluorescent antibody detection of arboviral antibodies
has also been documented, yet remains an infrequently used pgocedure (Emmons
et al,, 1969). Emmons and Lennette (1966) were able to use Qs technique for
the rapid diagnosis of Colorado tick fever (CTF) virus /in blood smears.
Immunofluorescent staining has also been used to detect the présence of SLE,
EEE and Herpes ,simple;c viruses in the brains of encephahtic:‘ humans and
équ‘mes (To/mhnson et al., 1974; Reyes et al., 1981; Monath et al., 1981). These
studies helped to éstablish the value of this technique as a rapid diagnostic
method for determining the etiologicai agent responsible for an encephalitic
disorder. IF assays may also be used to study the pathogenesis of wiral
infections, especially those affecting Phe nervous system (Kristensson et al.,
1983; Kristenssori et al., 1984b). The greatest advantage of this method,

undoubtedly lies in its ability to provide resylts within a short period of time.

L
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Disadvantages include the capital cost of the flubrescenf microscope and the
need for highly trained personnel capable of interpreting findings with
confidence. »

Electron microscopy (EM) and immune electron microscopy (IEM) have not

played a significant role in the diagnosis of arboviral infections. For EM

studies to be diagnostic the viral agent must present with a distinct

morphological structure and be associated with the appropnate clinical

.

syfdrome. Many arboviruses share common structural features, and thereforg g

cannot be positively identified by electron microscopy (Smith, 1978).

Immune electron microscopy has proven to be useful for the diagnosis of

arbovirus infectiohs, inc,lud'mg‘ WEE (Flauvell, et al.,, 1977). Even though this

procedure is rapid and specific, it has yet to reach its full potential as a

diagnostic method. Once again, the major drawback are the cost and the

requirement for - hi'ghiy trained personnel to operate the microscope and

‘interpret results. '

Radlolmmunoassays (RIA) have been utilized primarily for the detecuon
* of arboviral antibodies (Legtt et al.,, 1976; ]ahrhng et al., 1978). ThlS has

prompted many laboratones to estabhsh these methads as their routine

procedures for the detection of diagnostically significant annbodles. Results

obtained by the RIA method are specific, accurate,’ and available within a few

-~

hours of testing. The difficulties associated with this assay include the cost of

purchasing radioisotopes and a scintillation counter, the limited shelf life of

the reagents, and the proper disposal of radiocactive wastes.

Enzyme antibody methodologies in the form of immunoperoxidase (1P) ?nd
enzyme-linked-immunosorbent assays (ELISA), have become important tools in

the diagnosis of viral diseases (Wicker and Avrameas, 1969; Kurstak, 1971;

~

+
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Grandien and Olding-Stenkvist, 1984). These procedures depend upon enzyme

anttbody conjugates linking p with specific antigeps

focal .colouration. _ C o X :

The 1mmunoperoxidase assays consist of several  :losely  related

~,

procedures all of whwh are based on an cnzy:natx{&gtmn between

0 .

horseradish -peroxidase (HRP) and an appropnate substmp"/{é (l}xcmbe(ger. 1979).

|

‘he  method to gain * the mest  widespread .‘ iLu‘pt]nCt’ 15 the

IS

'perox1dase~ant1perox1dase (PAP) procedure develope /‘))/ Sterpberger et al.

/
(1970). l‘he culmmatlon of this procedure results 1 A gomplex conglomemte of
A N

- . v
o

. C “ 4
antloen, antlbody, and antibody-enzyme. Once such ~3 structure has heén

’

.asqembled wsuallzanon of a SpClelC antlgen may he ke comphshed through a

!

relatlvely sunple enzymatlc reaction. The PAP .method has been utilized most

effectwely in the area of dlagnoanc pathology for the identification of v7mety

of celluldr antigens (Ehas, 1982; Falm andvlay!or, 1983). Recently vxral_\

anngens have also beén detected with the PAP techmque (Stephens et al,,

[977; Tabuchi et al., 1978;, Kohana et al., 1981). ,

. .

Immunoperoxidase methods offer several distinct advantages over {other
diagnostic procedures. Many.of the inherent advantjages of the PAP technique
can be attnibuted directly to the nature of the enzﬁne#dnnbod*/ conjugates,

Unhkn fluoresceln tagged antlbody preparauona. the. COH]\IG«I".("% prepared for

1mmunoperox1dase stammg can be easlly coupkd and are’ stable for long
pertods of time. This not only enhances th& senamvuy of IP abnys but also

reduces costs becaqse of the mcreased shelf life of the reagents. As mentioned
. S ’
prdviously, the enzyme most often c&:pled to the tmmunoglobulin 1s horseradish

. P

peroxidase. Siice this enzyme h_ds a-fow molecular weight the overall size of

)
o ©

4
orm coloured end
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the conjugate is reduced, thereby -ehhancing peﬁetration inta, the tissue and

‘increasing the degree of cellular detail. This 'enzyme can be obtained cheaply

from a number of - sources and is . ablé to wlthstand harsh hlstologmal

procedures wh11e retammg its functional acnv1ty (Stamberger. 1979).

The fmal product of the PAP ::eact\on is a ?table opaque granular

A h 8

37 -

deposit. Diffusion of the end-product from the .os)‘te of " rea‘c.non is thted. and -

therefore. precise localizatfqh 1s achieved. Secohdary or post-fixation of the

specimen may be carried out:with osmium tetroxide rendering the deposit
- * ’

electron dense. -Consé‘quently,\ tvisudlization of the antigen at the

ultrastructural level 1is possi‘ble \.ﬁit’h the use of the eléctfon microscope. This

is particularly. usefyl in studies which are concerned with the.events of wviral

replication (Ubertini et al., 1971; Shabo et al., 1972; Dubois-Dalcq and Barbosa,

© 1973). Even though IP method$ can be adapted to electron m1cro“scopy thewr

true value lies m their applicability to routine light microscopy. The cost of

LY
expensive ultraviolet and electron microscopes can be ommitted. by using IP

assays. Frozen tissue, paraffin, or plastic embedded tissue can all be used with

IP techniques, whereas IF procedures usually require frozen sections. Tissue

preparation is facilitated by the use of routine paraffin embedded tissue, and -

retrospective studies may be carried out using tissues, prepared in this fashion.

One of the disadvantages of IF procedures is that the ﬂuprescent ‘stal_n-

/ ’

will eventually fade. Conversely'l, IP""staining provides a permanent record of

. . \\
the result and can also be easily adapted to detect more than one antigen.

Comparaﬁve studies have indicated that 1P assays are of equal, if not greater
sensitivity and specificity than IF methods (Wicker, 1971; Hermmann et al.,

1974; Hahon et al.,, 1975; Schmidt et al., 1978). Consequently,.

immunoperoxidase methods are gaining increased use for the localization of



* Kristensson et al., 1984a). . ot

XII. Prevention and Control of Arbovirus Disease

viral antigens in both tissue culture (Benjamin and| Ray, 1974; Desmond et al.,
1979) and clinical specimens (Huang, 1975; Busachi| et al., 1978; Kumamshi and
. f

Hirano, 1978). Therefore, it is obvious that the direct application of the PAP

proceduse in the investigation of clinical specimerls can be used for the rapid

diagnosis of _virus mediated «Wisorders. Much pf the research camecl- out.along
this line has concentrated on the rapid diagnosis of herpes encephalitis
(Benj;amm, and Ray, 1975; Merkel and Zimmer, 1981.' 1982; White and Taxy,
1.983). Similarly, researct; into the pathogenesis of other viral induced CNS
disorders report that the PAP meytho;:l is an effegtive method‘ to study their

pathological features (Merkel and Maibach, 1384; Bastien et al., 1984;

.

.

Control of arthropod—boﬁge infections is an important pi‘oblem today even
| .
though massive widespread epidemics or ep;zTotics have all but been

eliminated. Focal outbreaks of arbovirus infectioni are still known to occur in

I
1

North America (.Speﬁée et al., 1977). These outbreaks have stimulated research

into developing a number of e;ltemative strategies with which to combat the
spread of mosquito-borne encephalitides (McLintock, 1976; Monath, 1984).

One of the initial methods used to restrict the flow of arboviral agents
was through the implementatiog of an equine vaccine (Burns, 1951; Binn et al.,
1966; Monath and Trent, 1979). The use of such vaccines have markedly
reduced the infection rate in t'he horse popula_tion. A search to produce a
suitable human vaccine against WEE wirus® has ‘met with moderate success

(Bartelloni et al., 1971); Attenuated forms of WEE wvirus have been tested for

’

N
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their efficacy as antigenic,stimuli for vaccine production, but they have failed

to gain widespread use (Olitsky et al., 1945; Dunayevich et al..'1961; Tohnson,

.

1963). One of the reasons why these vaccines have not been readily accepted

may be due to the difficulty in predicting the geographic focus of future.

<

epidemics.

‘ Monath (1984) has outlined three methods’which can be used.to control .
the Te»)c'fent of arboviral encephalitides. ‘Firstly, the essential features qf the .
" ecological cycle of the arbovirus should be determined. This means the
identification of vectors, host spéci;s, and geographical distribution. With this
knowledge lfirmly in hand, lpcal health authorities c&ﬁ‘;ake measures to limit
vector-host interaction. This mé‘y be achieved ihrough chemical spraying or by
using biologicai insect contro.l métﬁods to diminish the vector population.

Secondly, sentinel flocks may be monitored during the vector breeding season

in order to determine vector infection rates. This provides an early warming

system signalling a potential epidemic situation. The third strategy available to v

inhibit arbovirus dissemination relies on the use of répid c__hagnoétic methods to
1dent1’.fy'.the ‘i.l;xfec‘ting virion. Early tdentification of the virus rispons1b1e for
the éncephalitis will allow public health  officials to quickly instigate
preventative measures to limit the scope of the infection. Of the methods
currently available, ifnmunoﬂuorescent and immunoenzyme assays appear to be
the most practical (Hildreth and Beaty, 1984; Hildreth et al., 1984; Monath et

al., 1984).

: Thp;é victims unfortunate enough to become infected with WEE wirus,

v

presently receive only supportative treatmerit. However, immune sera provided

early in the ‘course of the disease may help in reducing the severity of the

" disorder (Howitt, 1932).
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CHAPTER 1I

.~ MATERIALS AND METHODS

S

1. Viruses ¢

¥

The test strain of Wesiem equine gpcephalomyehtis virus was 1solated
from a horse infected during the 1965 eplzo:)tic in Alberta (Morgante et al.,
1968). Since then, this strain (WEE 65-HO 49) has undergone eight mouse brain
passages.

The Eastern equine ehcephalomy’ehtls virus, 1solated from Culiseta
melanura, was ,provided by Dr. P.H. Coleman, Centre for Disease Control,

Atlanta, GA., U.S.A. This s{gain (AR 167) has undergone an unknown number of

passages. .

Il. Propogation of WEE and EEE virtises

Several litters of 3 to 4 day old newborn Swiss albino mice (Western
strain) were each 'moculatedyintracerebrall}; (.c.) with 0.02 ml of a 10 LDg,
(lefhal dose) of wvirus. All mice exhibiting signs of infection some 32-38 hours
post-infection were collected and sacnficed. No dead animals were included.
The brains of the infected mice were removed and ground to a 20% suspension
in sterile Hank's Balanced Salt Solution (HBSS), pH 7.2, supplemented with 100
International Umts (L.U.) of penicillin/ml, 100 micrograms of streptomycin
sulphate/ml, and 15 L.U. of mycostatin/ml. Ten percent fetal calf was also
‘ac?ded to this preparation. The brain suspensions were centnifuged at 7700 x g
for one hour at 4-6°C. The supernatant flumd was subsequently‘ahquoted into

small wvials, sealed, frozen, and stored at -70°cC.
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1L Ant'igen Titration

.

Partially purified suspensions .of both WEE and EEE viruses g¢riginally
conta:m‘mg 1do LD5O of each virus were diluted 'ten;fpld in HBSS supplémented
with antibiotics. Eight suckling mice (3—4 day old), were inoculated t.c. with
0.02 ml of each dilution of virus. The mice were then kept -under observation

for signs of illness for a period of 14 days. The titre of virus giving a

mortality of 50% (LDg,) was calculated according to the method of Reed and

Muench *(1938). WEE virus had an LDg, of 10°, while EEE wirus produced a °

titre of 1010‘.

»

- IV. Preparation of Control and Infected Tissues

Prior to 1noculating suckling mice for the propogation of infected
1 ' :

tissues, the titres of the infecting viruses were reassessed by the m'ethodé
previously described. The adjusted LDgy of WEE wirus and EEE wirus were
found to.bé 1085 and 109-75 respectively. Thirty one, 3-4 day old suckling
mice received i.c. injections of WEE virus, whereas twenty three mice were
inoculated i.c. with EEE wvirus (see Table;l). Both gfdups were in.jectéd with
0.02 ml of a 100 LD50 of virus. An identical dos; of WEE vir.us_ wasAgiven to
five r;uce via an intraperitoneal (i.p.) and subcutaneous (s.c.) route. A total of

twenty four mice were inoculated i.c. with diluent only (HBSS, pH 7.2,

supplemented with antibiotics). Following careful observation, mice manifesting
. : . S [

overt signs of encephélitis were sacrificed and the organs under investigation

were removed. These tissues included brain, heart, lung, liver, kidneys, spleen,

and intestines. All organs were removed aseptically and‘placed directly into 4%

formaldehyde. The brain was not removed from the skull in order to minimize
5 .
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Table-1. Schedule of inoculation and sacrifice of experimental animals. - -

Mouse Inoculation Virus Date of . " Organs Hé_r‘vesty‘ed
No. - Route Inoculated Harvest Brain Vis‘cerah V
1-24 Le. ~ diluent 16/5/85 s
25.—32 L.c. WEE 23/5/85 + +
. 33-37 Lp. &sc. - WEE ~ 23/5/85 + +
38-55 Le.  WEE 3075785 ° + +
| 56-60- ic. WEE 30/5/85 .o
61-77 ie.  EEE 06%6/85 R
'78-83” " S EEE 06/6/85 + -
, 1 :
. B
. -
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the extent of mechanical trauma. Following a two hour fixation period, the

brain was cut into halves to allow the, fixative to fully penetrate into the
M . 3
B £ ~"

tissue. The organs were fixed in formaldehyde fo;*‘éé\hleri"days. thereby

completely inactivating the mfectmg virion and allowmg complete fixation of
the tissue. The organs were subsequently processed-using standard hxstologmal
techmques and ultimately embedded into paraffin bloclg Coronal sections of
bram tissue, cut senally, were obtained for the mvestlganon of the CNS.
Where possible, parallel sections were stained with PAP, hematoxylin and e'osm
(H&E), and Nissl stains, to facilitate t;'le localiization? of WEE viral antigen in
neural tissue.’ Sectio-ns to be ‘stained by PAP, H&E, and all ‘sections obtained
from visceral tissues, were cut at a thickness of 5-6u. Those'sect_ions to be

stained with the Nissl stain were cut at 12-14u., Ultimately, several hundred

sections, taken at various levels within “the brain and visceral tissues were.
stairied'by the PAP technique. The intensity of the staining reaction was -

, j}xdged accordmg to the following protocol

0 -no evidence of spec1f1c staining.
+ . -rare isolated focus of infection.
++ -moderate staining of viral antigen.

+++ -—-extensive sta.ining of viral antigen. -

»
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V. Preparation of Antisera , ‘

3

Rabbit anti-WEE wvirus hyperimmune sera was pz"eparec'i by tnoculating

four albino New Zealand female rabbits, 10-12 weeks of age, with a IOO.LD50

dilution of WEE virus brain sxﬁpenéion without Freund's adjuvant. A summary °

>

of the inoculation schedule is prowded in Table-2.
Neutralization tests 'we_re carmed out .to determine 'the level of
' neutrali:mg antibodies in the rabbit anti-WEE virus sera. Nine htt,eré consisting
of eigh't suckling mice (4 day old) were inoculated mtrepent"oneall‘y (1.p.} with -
ten-fold dilutions of WEE virus rangmg from 10™ -l to 10 9, prepared according
to the method of Hammon and Sather (1969) Equal volumes of hyperimmune

sera were mixed wlth each virus dilution prior to moculatlon. For the control

mice, each virus dxlutlon was mlxed with normal serum. The normal mouse

serum LDSO was 107, whereas the rabbit anti-WEE wirus serum LD50 txtre was
100, Therefore, the rabbu serum had a log nedtrahzatlon 1ndex (LNI) of 7. This

sera was provided as a glft from Dr. O. Morgante.
Mouse ant1-WEE ‘virus and mouse antl—EEE virus ascites flutd was kmdly

bre\hded by Dr. N, Karabatsos. Centre for Disease Control, Reference
Arbovirus Laboratory, Greely, Co., U.S.A. The mouse anti-WEE wirus (Fleming

' strain) serum had the following titres, CF> 1:64, HI> 1:320, and NT> 2.5 (LND).
The mouse anti-EEE virus (strain NJ/60) serum "contained antibodies at the
following levels, CF> 1:64, HI> 1:320, and NI> 2.5 (LNI).

Other antisera used for’ staining in the PAP procedure were obtained

from commercial - sources. These” included normal goat serum (Cedarlane),

-

normal mouse serum (Cedae‘lane)," goat ‘anti-mouse 1gG (Pel-Freeze), goat

anti-rabbit 1gG (Cedarla{ne, Dako), rabbit 4a’niﬁ-mouse .'éerum (Cedarlane), rabbit

PAP complex (Cedarlane, Dako), and mouse PAP. eomplex (Stemb'erger-Meyer).
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Table-2. Inoculation of rabbits for the production of rabbit anti-WEE

yirus sera.
Interscapular Intraperitoneal /

Initial Injection 1.0 ml 1.0 ml

1st week 1.0 ml 2.0 ml

2nd week 2.0 ml " 2.0 ml

3rd week " 2.0ml 2.0 ml

Two week rest period.

Booster dose 2.0 ml 2.0 ml

Rabbits bled out three months later.

/
]
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All antisera were diluted with 0.05M Tns—Hydrochlonde' buffer containing
0.85% sodium chloride. Tris~HCl buffer 0.5M, pH 7.6, was used to rinse the
slides following intubation with the developing reagent. A. standard 0.85%
saline solution was used for all other wash cycles. A freshly prepared 30mg%

solution of 3,4,34 tgﬁ"_aminobiphenyl hydrochlonde (dian;nobenzidme)

L3

containing 0.05%- HZ’Q'{':&as used as the substrate in the final reaction. All

£

chemical reagents were purchased through the Sigma Chemical Co., St. Lous,

U.S.A.

V1. Absorption of Antisera o

An absorption procedure using normal mouse br;m tissue ob{ainggl from
three adult Swiss albino mice was caméd out on the mouse anti-WEE virus,
anti~-EEE virus, and rabbit anti-WEE wirus sera. The brains were aseptically
removed and ground:into a 50% suspension in phosphate buffered saline (PBS),
pH 7.4 t6'7..6'. The suspension'was washed a total of three times with. the final
wash in 0.05M Tns-—H\Cl saline buffer supplemented with 1000 LU, of penicillin
G/ml and 100 L.U. of mycosta't‘m/ml. An equal volume of the sera was added to
the suspension and with frequent mixing was incubated at 4°C for 48 hrs. The

mouse brain-arntisera suspeﬁsion was subsequently centrifuged at 7000 x g for

15 min. The supernatant fluid was aliquoted into vials and stored at -40°C.
) .

VIL. Protocol for Immunoperoxidase Staining

Initially, all sections were dried in a 56—6p°C oven for 3-24 hours. The

<
sections were subsequently deparaffinized through‘ 2 changes of xylene and and’
a series of decrehsing concentrations of alcohol baths. The sections were

ultimately rehydrated in water for 5 minutes. In order to block endogeneous

-
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peroxidase activity, the slides were incubated 1n é freshly prepared 10%
hydrogen peroxide-methanol solution for 20 minutes, with constant mixing on a
rotator. The tissues were quickiy rinsed in distilled water and washed for 5
minutes in saline.. All wash cycles required constant mixing. Upop compietion of
this step, the excess fluid was blot dried and d11uted normal serum was added
to the sections. These tissues were subsequently mcubated in a humid staining
box for 20.minutes at room temperature. /Follovmg this incubation penod, the

.

.normal serum was removed and any excess fluid was blot dried. Properly

diluted pnrrfe;ty antisera, as determmed by a checkerboarci titration, was used
to cover the sections for 48 hours af 4°C in a humid chamber. The sections
were then washed in 3 changes of ;ahne within a period of 10 mmutes. Once
again the tissues were blot dned and covered with diluted link reagent. The
slides were returned to the humuﬁ chambér and incubated at room temperature

4

for 30 minutes. The slides were eventually put through a second wash cycle,
with 3 changes of saline in 10 minutes. The.excesss fluid was drained and the

diluted developing ré‘:igeng,," was added to the tissues. These slides were
. incubated at 4°C for 30/’i;1mutes {n a-humid chamber. The final wash cycle
required 2 changes in saline and a final 5 minlute rinse in 0,5M Tns-HCl buffer.
Freshly pre‘pared diaminobenzidine (DAB) was used as the substrate_for the
colour reaction. The sections were expc;sed to DAB for 6-8 minutes, followed

by a 5-10 minute wash cycle in running tap water. Mayer's hematoxylin was

v 1 e .

. used to counterstain the tissue. The sections were then dehydrated in an
" increasing gradient of alcohol baths. Finally, the tissues were cleared 1n

xylene, mounted in Datex, and coyerslipped.

<
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VIII. Determination of Antisera Dilutions for PAP Staining

A checkerboard pattern, or box titration was used to determine the
dilution of antisera prowviding optimal staining results. Dilutions of the three
pnmazyd antisera were tested against doubling c{ﬂtunons for both the link and

f - .

developing reagent (see -Table-3). The combination of the three immunological

reagents that provided optimal staimng results was used to stain all ensuing
sections. Quality of staining was judged according to the intensity of the
reaction, ability to detect weakly positive foci, cross-reactive potential, and

s

the degree of non-specific backgfound staining,

1X. Controls for Serological Specificity

Control slides were implemented uﬁ the staining protocol to assess the

serological specificity of the antisera.

he reagents‘used in the staining

procedure may have unwittingly contributed to the background

)

antigen controls were also incorporated into the PAP method to ascertain the
-_:i::» ‘

degree of serological cross-reéctivity. Mouse anti-WEE€ ‘virus sera wfs used to



Table-3. Checkerboard titration of antisera.

Ata

Reagent "~ Antisera  Dilutions

1)Primary Antisera:
Rabbit anti-WEE  1:100 1:500 1:1000 1:2000 1:4000 1:8000
Mouse anti-WEE 1:100 1:500 1:1000 '1:2000‘- 1:4000 -1:8000

Mouse anti-EEE  1:100 1:930 1:1000. 1:2000 1:4000 1:8000

2)Link Antisera: ‘
Goat anti-rabbit 1gG 1:50 . 1:100  1:200° 1:400

Rabbit anti-mouse (whole serum) 1:50 1:100  1:200 1:400

Goat anti-mouse 1gG 1:50  1:100  1:200/\ 1:400
’ .
3)Developing Antisera: R
Rabbit PAP Complex . 15100 1:200  1:400 1:800
Mouse PAP Complex  1:00 1:200 1:400 1:800 -

1 ]
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DA ~ 50
For the staining of tissue sections infected with WEE wirus, both a rabbit
and a mouse/ PAP system were utilized. The 1mmunol§gical reagents and their
o /&ppropnaté dilutions are described in Table-4.

M ,

X. Modifications of the PAP Procedure

»

1) Incubation Period:

Tissue sections were initially incubated with the primary antisérum for 2,
24, 48, and #2 hours. Similarly, a variety of 1n;:ubat18n témfueratures were
' attﬁnpted. The primary antisera were tested at 4, 22, and 37°C. The purpose
of altering thé duration and temperature of this incubation period was to
assess their influence on the sensitivity of the assay. All incubations were
carried out in a humid chamber. All sections were stained according to the
method described and visuahzed4 by light microscopy. An assessment of the
staining quality was made based upon the 'specificjty and sensitivity of the
results. Immunocytochemtcal,stainihg‘ of the remaining sections took place

- L]
under those condttions providing optimal results,

i1} Trypsinization:

A 0.1% solution of trypsin (Bovine Pancreas Type“ I, Sigma Chemical
Co.), was freshly prepared in phosphate buffered saline cdntaining g%
calcium chloride, pH 7.8, adjusted with 0.IN sodium hydroxide. The t
solution was warmed in a 37°C water bafh. szpsiniz?tion was allowed t
place for 120, 60, 30, and 15 minutes respecti?ely. Parallel non-t
sections we:re inéubat_ed in -warm PBS for identical time ‘intervals | Tissue

undergoing both treatments included sections attached to clean glass slides, as ”

¢ [




Table-4. Dilutions of immunological reagents utilized in the PAP

L 4

,technique.

a)Rabbit PAP System:

Primary antisera:
Link antisera:

Developing antisera:

b)Mouse PAP System:

Primary antisera:

Link antisera:

Developing antisera:

-

The blocking sera (normal goat serum) was diluted 1:25 with Tris buffer.

Rabbit anti-WEE virus, at 1:1000

‘Goat anti-rabbit, at 1:50 . -

Rabbit PAP .Complex, at 1:20Q
\

%
\

»
Mouse anti-WEE wvirus, at 1:1000

Goat anti-mouse, at 1:200

Mouse PAP Complex, at 1:800 r

-
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well s slides pre-coated with LePage's Bond Fast white resin glue"- (LePage's
Ltd., Montreal, Canada). The glue was tested for. its capacity to maintain

adherence of sections to the slides during treatment with trypsin.

-

~ ii1) Imidazole Treatment:

The final DAB substrate was modified by t'he addition of a 0.1%
1m1daiole solutian. The. solution was prepared in a fashion similar to that
described by de Jong et al., (1984). Staining was cémed out as delineated 1n
the procedure. Sections were stained for 6-8 minutes, ‘followed by a rinse
cycle. The sections were *ther.l deﬁydrated‘through a series of alcoholic baths
and cleared in xylene. Ultimately, thet sections were mounted with Diatex and
coverslipped. The degree of backg:round staining was judgeél according to the
staining intensity of the neux:opil. )

L]

1v) Comparison of Link Reagents: ’
. ‘ -
Tissue sections incubated with mouse anti-WEE wvirus sera were treated

* with either goat anti-mouse IgG (diluted 1:200), or rabbit anti-mouse whole .

*

sét_‘um (diluted_ 1:\\100) as the link reagent. The immunolmcal reagvent providing

the best results was used in all further staining reactions. .

i~




- . CHAPTER III

RESULTS.

I. Gross and H1§toRathologi£al Features

! Suckling mice inoculated 1.c. with WEE virus became 1ll some 34-38 hours
post -infection. These diseased animals presented with paralysis, convulsions,
dehydration, and spasticity. Those mice infected with EEE wvirus became ill
32-34 ho‘uxs after receiving the initial viral dose. These gr;lmals were more
severely ill than the WEE wvirus infevcted miée, as they rapidly deteriorated
following the onse't of clinical symptoms of viral encephalitis. In both instances,
the mice bec'ame moribund or died just prior to being sacrificed. Mice‘ inoculated
i.p and s.c. also demonstrated signs of illness at time of sacrifice. Conffol mice
wr{icl;\ receive.d diluent only were sacrificed following a similar 32;38 hour time
interv:al.

Removal of _thg o‘réans from EEE and WEE wirus infected mice revealed
brains with markedly congested blood vessels, The hyperemic vessels were
.i)ron‘linent on the surface of the brain, particularly over the cerebral
hemispheres. B.rain tissu‘e “,‘o,f ‘a soft confsistency"was also a frequent observation.
The lungs —of EEE infétted mice appeared solidly hemorrhagic, and their livers
were pale and re.duced in size. All other organs appeared normal.

vMicroscoptcally, fe%; of the classic signs indicating an encephalitic
attack could be detected. Rare isolated foci of necrotic neurons appeared as
the sple feature of a virus induced 'ence'phalitis. Degenerating neurons were
typically represented by cells with pyknotic nuclei and increased cytoplasmic

eosinophilia. Such cells exhibited shrinkage of their perikarya with consequent

pericellular vacuolization of ‘the neuropil. These alterations were most evident

>
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in the hippocampus and pons. The I-iEE infected mice were more hk*/ to exhibit >
these histologic features. Congested blood vessels were quite prominent
throughéut the CNS.___Nevértheless. there was no evidgnce to suggest that
pro‘liferation of the vascular endothelium had occurred. The lack of an
inflammatory cell v'mfiltrate w&s the most notable omission from the pathologig;1
pictuz;e. Aggregatioris of ‘u:\ﬂamhtory cells could not be dlscemed within fhe
CNS and no evidence of perivasculaf cuffing was presented. Microglial ﬁodules
were also lacking in the mice infected with the pathogenic viral organisms.
There was no demonsarable astroglial hy'pei'trophy or prolifer‘ation. o .
Microscopic examination ;f the visceral organs failed to reveal any
evidence of é pathological process. Only a low grade pne\;monitis in the lungs

.and a moderate degree of vascular congestion in the liver was detected in a
L ] .

- few animals,

.

. ¢
11. Application of Immunoperoxidase Method

Preliminary application of the PAP staining method to brain tissue
harvested from suckling 4 mice infécte;i with WEE virus revealed extensive
non-specific background staining. Using rabbit: anti-WEE wirus sera as the
primary reagent, it was found that tissue sections stained by immunoperoxidase
yielded aréas of both intense viral antigen staining, .as well as diffuse
colouration of the brain parenchyma. Regions demarcated és specific s.ites of
viral replication appeare;i laden with a dark brown granular deposit; Phe neural
matrix exr‘libjted a‘ di—ffuge "muddy-brown" pattern of staining. In an attempt to

\determ‘me the source of the non-specific staihing of the neuropil, saline was' .

used as a substitute for each of the immunological reagents. Close inspection of

galing substituted control sections indicated that the primary antiserum was



largely responsible for the high background component. In order to lessen thg

extent of the non-specific staining a number of interpolated experiments were

LI

carried out.

4 : .

Initially, the.rabbit anti-WEE virus sera was absorbed with mouse brain
tissue. This produced a marked reduction in the level of backgrpund staining,
although it was not completely eliminated. A box or checkerboard titration was -
also completed_lt‘o determine the proper dilution of the immunological reagents.
The staining results indicated that optimal st;ining of WEE wviral antigen
occurred when the ;mtis.era were used at the following dilutions: rabbit
anti-WEE (R-WEE) virus antisera at 1:1000, goat anti-rabbit (GAR) annse.‘ra at
1:200 and rabbit-PAP (R-PAP) complex at 1:100. Under these conditions the
‘virus populated areas were darkly staineci with a moderate degree of background
stain. Further dilutions. of the primary antiserum ied to progressively lighter

staining of the regions containing viral antigen. These areas. were golden-brown

in colour, as opposed to the dark brown granular deposit observed in heavily

infected regions. The end-point titre where staining of the viral antigen was -

eliminated occurred at a dilution of 1:4000. Sections taken from mouse brain

- tissue infected with diluent only showed a slight degree of background
colouration when stained with R-WEE virus serum. On the other hand, the EEE

virus infected tissues were shown to be cross-reactive with R-WEE virus serum

- at low dilutions. However,.under optimal staining conditions the cross-reactive

component disappeared with only residual background staining present.

-

The jnitial staining reactions were carried out with an incubation period
[

of 48 hours at 4°C. Subsequent analysis where both time and temperature were

manipulated proved that these conditions offered.,the best staining ;sﬁlts. A

1 ® ,
~ very short incubation period of two hours produced weakly positive stained viral’
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antigen within the CNS. A 24 hour exposure limit provided a more intgnse level

of stammg Focal colouration;was seen extenswely throughout the brain so that
even weakly posmve areas becam’e evident. Following incubation periods of 48

and 72 hours, PAP stained séctions fqr WEE wviral antig,en/demonstrd'ted nchly

stained areas with deposits at specific sites of virus replication. .A "widespread

distributioﬁ pattern rg’v_ea.li}g numerous ‘infected regions withir}.t_he CN§ could
.Be ,disc’éined. Along with an increase in sensitivity attri‘t;u;e'd to a 1on:1ge‘r

: e
Y ) primary incubatign step, there was also a concomitant increase in the.level of
non-specific éiaining. LA ’ o ] ., |

.
@

A comparison of the staining quality of sections stained by the

immunoperoxidase method Qas made followirig incubation with  (the primary

reagent at the following temperatures: 4, 22 and 37°C. There appeared to be no
. . : .
significant difference in the quality of staining at any given temperature. All

-

three temperatures produced similar results, however ‘a stight advantage was
achieved by incubating at 4°C. At this 'temf;erature‘ the Jséra overlaying the

section was not likely to evaporate as'quickly, consequently this temperature

«

was g:hbsen for all future staining regctions.

A 2 hour pre;treatment”with a'1% .trypsin solution provided minmmal

.

improvement in the staining character. There was no apparent increase in the

: degree of antigenicity, yet a élight decrease in the level of diffuse staining of

.

the neuropil could be appreciated. The resulting mcrease in_gontrast between
a

specxflcally stained viral antigen and background stain was m1mma1 Incubatlon

Y

with trypsin for shorter: period‘s of time produced similar results. One of the
difficulties gssociated with the use of proteolytic’ agents was the loss of

" adherence of sections from thefglass slides. This ‘was pa}'iigﬁlarly true for those

-

sections exposed to trypsin for long periods of time. LePage's glue sgrved as an

. . o .
' » . \ PY

.
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acceptable adhesive under these conditions. The resin, spread as a thin film on

¢ ”

the~ glass slide, allowed the’ }issue to adhere to the slide and did not contribute

to ‘any background staining. ) -

. Sections’stained with a DAB solution containing O.1% 1midazole proved

un{\elpfm. The fnténsity of the spec{fically stained viral antigen was not

'inc’reased nor was thefe a significant deprgciati;)n in the degree of non-specific

staining. As a'result, this treatment was abandoned 1n all further experiments.
An assessment was also made on the quality of the mouse ant1-WEE virus

ascites fluid as a primary reagent. As with the thg R-WEE wirus sera, the

oY : .
ascigzgg fluid was absorbed with 'suckling mouse brain. 'The optimal dilutions of

the sera réquired in the PAP protocol as determined by a checkerboard titration

were as follows: mouse anti-WEE (M-WEE) virus ascites fluid diluted to 1:1500,

goat anti-mouse (GAM) IgG antisera at 1:100, and mouse APA? (M-PAP) complex-

at 11400. The application of M-WEE virus ascites fluid byi immunopero)ddase

techniques to sections containing viral antigen would -yield areas of dark brown

granular deposits at specific sites of virus localization. ,I"he »iendency towards

non-specific staining was also high. No staining of virail) antigen was observed
w‘hén the M-WEE virus’s.eta was diluted to levels beyond 1‘:80'00. Non infected
tissues resporided well to the‘ M—WEE virus primary anti‘s{era with n? ai)pgrent
non-specific labelling of l;rairr' pargpfhyma. Sections cdntaining E“EE viral

~ antigen would be'cross-re&ctivg‘with the M-WEE virus sera at low dilutions, but

. [ ) . .
under optimal conditions or with very dilute primary antisera thie
« * ' '
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cross-reactivity was eliminated. Extended - wash cycles and increasing the<

_duration of the treatment with hydrogen peroxide-methanol failed to reduce the
' ) . : > .‘
intensity of the background stain, - ’ )

- ' !

~ e
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14

During preliminary workup studies using M-WEE wirus serum as the
primary reagent, the link reageﬁt used was rabbit anti-mouse (RAM) whole
serum. Extensive background colour developed with the use of the. RAM sera as

s

the link reagent. A switch in reagents was attempted where goat anti-mouse

(GAM) 1gG antisera served as the link reagent. A significant reduction in the

level of the non-specific staining was readily observed. Therefore, the GAM

serum was used to stain the remaining sections. ‘

5

iy
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lIl. Distribution of WEE Viral Antigen ih the CNS 2

Staining of tissue sections taken from mice infected intracerebrally with
WEE virus by the PAP procedure revealed a widespread distribution pattern of
the viral antigen in the central nervous system (see Table-5). Those areas
representing regions of viral replication occurred primarily as isolated foci of
infection. However, on occasion confluent areas of sltain‘mg indicating intense
virus reproduction could be appreciate;l:

Serial sections taken from the anterior portic;n of the brain demonstrated
specific localization of WEE wvirus within the olfactory region. ‘A few well «
stdined cells within the lamina plexiformis interna could be detected. However, '
more intense deposition of the reaction product was most often detected in the
lateral and posterior portions of the anterior olfactory nuclei. The degree of
infection in this region was quite variable, nevertheless specifically stained
infected -neurons, were always Ipresent. In this region, the sub-ependymal -
ventricular area rarely demonstrated the pre‘sence of WEE wviral antigen.

One of the regions of the CNS to demonstrate consistent and intense
staining of viral antigen by the immuhoperoxidase method was the sub-cortical
region of the frontal lobes. Sections taken from the brains of a number of gﬂﬁﬁe
inoculated with WEE virus were always Kound to be reactive within &is region
when stained by the PAP method. Severﬁl gr.oups of infected cyoslls~ containing
viral antigen could be seen_scattered throughout the sub-cortical region of the
cerebral cortex. lntensel'y stained neurons were often seen in the area cinguli,
whereas only a rare infected cell could be visualized along the longitudinal

.

v .
cerebral fissure. No deposits of viral antigen were seen within the meninges.
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Table-5. Distribution of WEE viral antigen in the CNS of mice inocuated

intracerebrally. ' . P
Anatomical Site ' Intensity of Reaction
Olfactory +
Subcortical region | . . -+
Basal Ganglia - ‘ ‘ ) +
Thalamic Muclei o ; ++
Hypothalamus | - . +
Hippocampus « . +4+
Midt;rain , o ‘ P
pons o "

Medulla oblongata . ' .+t
Cerebellum 4+
2
*



The frontal reglbn. though a common ‘site of virus localization, expresse‘gl 61

a Tower concentration of viral antigen than the patietal region. Typically, &Khe

' ¥

tempo-occipital region and the area retrosplenu;hs were moderately affected.
The area pynform@s of the cerebral cortex usually produced a minimal amount
of evidence to suggest viral replication.

) In the basal ganglia, the caudate nucleus and the putamgp were
infrequent sites of positive specific staining, although a few well d@persed
neu'rons containing viral antigen could be appredated within this region in ml;:é - '
with fulminant infections. The corpus callosum and fornix failed .Ato support viral

' replication. The globus pallidus and grey stripes provided similar results
indicating that the growth of the infecting virion was extremely limited in this
region of the CNS. The amygdaioid nuclei were also negative, The

peniventricular region af the basal ganglia was one of the few areas to support.
~

viral replication. However, it was the septal and lenticular nuclei which

-

contayred the most intensely stained neural elements. Localization of WEE wral

antigen in the sub-ependymal layer of the third ventricle continued to be a rare

observation.

The thalamu; of the suckling mouse appeared to be a preferred site for
the reproduction of WEE virus. Many of the thalamic nuclei and various
segmenté of the wthalamus were susceptible io WEE wvirus invasion. Deposits
of brown stained reaction product could be seen at the margin of thle anterior
~ thalamic nuclei. Moderate staining of the medial and lateral thalamic nuclei was
also observed. The hypothalamus and the pgn’ventticular area of the thalamus
frequently exhibited well stained neural elements. The “ependymal cells lining

the ventricles were also found to be capable of sustaining viral growth. The

sub-fornical organ and the perifornical area of the thalamus were common sites

.
L d
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of virus invasion. Cells ftom the ventnjmedial hYpothalarhus. the amygdalowd
‘region and the caudate nuclei could on occcasion support a focus of infection.
In cases of extensive viral‘rephcatio;x. WEE wiral antigen was also detected in
the entopeduncular  nuclei ;;nd the suprafascicular’ commisure posterior nuclei.
" Regardless of the dégree of “mfecxion, the habenular nucle} represented an area
of extensive viral replication. In contrast, the substantia nigra was spared from
viral atéack‘. | ) |

The hfppocampal region of the CNS presented with numerous foci of
mfecﬁbn. Although the anterior hippécampus appears to be insensitive to WEE
\ . ‘ *

virus, certain reg}ons of the hippoéa‘mpus, specifically the cells of the pyramdal

layer, are likely to become infected. The hilus fascia dentate was also seen to

contain antigenic markers to WEE wvirus. The stratum granulosum area dentate

responded variably to infection with WEE wirus. In more fulminant cases, several

cells from this layer demonstrated the 'capac‘:i‘ty;to sustain viral particles. The

stratum radiatum also exhibited a rare infected cell in severe cases while the

stratum moleculare'je;rea dentate on occasion showed areas of small focal
coolections of virus infected cells. ,"l'he tegmental area also contained a

significant concentration of antigen.

The midbrain ‘represenths an area %f extensive viral growth foliowing
arbovirus infection with WEE vu'us N:eiirons surrounding the cerebral aqueduct
frequently dgmonstrated staining ‘of' wEE viral antigen. The lateral or medial
geniculéte bodies contain neurons immunoreactive ‘with ahti-WEE wvirus

antibodies. The superior colliculi were less likely to be infiltrated with WEE

s

‘virus. The nuclei loci ceruli and the ventral tegmental nuclei (Von Gudden) were

uniquely insensitive to WEE virus while the surrounding neural . tissue
Y ,

demonstrates a high degree of susceptibility. The substantia nigra was again
\ *
. ®

. . .
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free of WEE wirus. Isolated neurons in the pyramidal tract entrapped a fevu_r'vmus

. 1 :
particles. e - .
* P

In the pons, several nuclear groups prbved to be susceptible to WEE wirus

.

invasion. The most consistently stained areas occurred along the midline where

the raphe dorsalis, raphe magnus, and raphe pallidus were moderately infected.

The lateral and spinal vestibular nuclei presented with similar findings, whereas

the medial vestibular nuclei allowed massive viral replica‘non to take place. The
periventricular .grey area was a site exquisitely sensitive to WEE wirus
t:eproduction. The ‘trapezoid' ‘nuclei and the dorsal aspect  of the cochlear nuclei
often could be seen as focal pwints of infection. The pontine nuclet, including
the reticular ‘anﬂ the ventral,v‘tegmenti nuclei, as well as the inferior colliculi
demonstrated a moderate degrée of variation in their response to WEE wirus
infection. Mice exhibiting a mild infectious process following 1c inoculation of
WEE virus showed no evidence of staining in these nuclear groups. However,
those mice.respond‘mg with a fulminant infectionv were likely to show a few
immunoreactive neurons in this‘region. The nuclei parvocellulaﬁs and the motor
nuclei of the tmgeminal nerve were also seen as sites of viral repllcation.

’

. In the cerebellum, the large Purkinje cells often demonstrated 1nt¢n§e

staining with M-WEE virus sera following the application of the PAP techmque. -

O-thervhse, the molecular layer and the granular layer were negative for wviral
ar;tigen deposits. In a few instances, an isolated neuron in the nqdular granular
_ layer could be seen exhibiting evidence of cytoplasmic localization of WEE wvirus
antigenic markers. - B

In the medulla oblongata, the substantia grisea centralis was the area
demonétrating the greatest cc;ncentration of WEE wiral antigen. Foci of

infegtion occurred in the reticular formation and the hypoglossal nuclei. A few

' 7
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positively stained cells could be seen in the inferior olives. The.d'orsal motor
nuclei of the "vagus were also infected ~with WEE wirus. However, the spinal
trigeminal nuclei, the nucle\ ambiguus and the pyramidal tract of the medulla
oblongata were negative for the presence of WEE wiral antigen.

| Immunoperoxidase ;st ning of brain tissue taken from mice infected 1.p
and ‘s.c. also indicated widespread localization of viral ari’tigen.'However. the
extent of wiral distnbution was somewhat restricted as compared to mice
infected via the intracerebral route. Viral antig‘en was rarely localized 1n the

olfactory region "and was not as widely distributed in the thalamic nuclei or n

»
[ N .

the hippocampus. : i

N .. : < "

V. Localization of WEE Viral Antigen Outside the CNS

Immur;op'eroxidase staining of coronal brain sections also revealed the
presence of wiral aﬁtigen in cramial ganglia. At the level of. thg optic chiasm,
several c‘:ell bodies within the ’trigeminal ganglion were stained positive for WEE
viral antigen. The surrounding saiellite cells were apparently resistant to

infection as no staining was detected. Cranial nerve trunks cut in cross-section

were not stained by the PAP procedure. Neither the nerve fibres nor the

’

Schwann cells gave any indication of containing viral particles.

Evidence indicating that viral replication had taken place in the eye of

some of th

infected animals was also observed. C‘ytoplasmic staining was seen

-

in the ganglion cell layer of the retina.

The intracerebral.’ the'intrapgritoneal. and the subcutaneous infe%fd

mice all failed to produce reactive foci of infection in any of the visceral

organs. .
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V. Localization of WEE Viral Antigen at the Cellular Level

.
1
’

Specifically stained neurons containing antigenic determinants to WEE

.

virus, consistently demonstrated deposition of the reaction product within the

cytoplasm and the dendnitic and axonal processes. A few glial cells appeared to
have a cytoplasmic border containing viral antigen. Cytoplasmic localization of

WEE virus was also visualized in the ependymal cells lining the ventricular

<

spaces and in the retinal cells. Intranuclear staining was never observed.

14
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CHAPTER IV
o DISCUSSION

The' object‘ot' this investigation was to localize WEE wviral antigen 1n .
‘bill"{fected suckling mice using the peroxidase-antiperoxidase technique. It was
hoped that this study would provide importanf insights into the applicability of
this immunohistochemical procedure for the rapid identification of viral agents
responsible for encephalitic disondefs. as well a means of studying the
péthogenesis of wviral encephalitides. Since WEI:: virus remains a significant cause -
of encephalitis in weste::n Canada and the U.S.A, this viz:al agent was choéeﬁ
for the present mvestigation.'Suckling mice served as the host system fc;r viral
replication since these animals have shown a high degree of susceptibihty to

. & -
arboviral infection.
7 One of the difficulties associated with the application of
immunohistochemical methodologies to tissue 'contairﬁﬁg infectious agents,
involveg the potential hazard to personnel handling infected material. For this

14

reasony‘a fixative such as formaldehyde which could ifnactivate the virion and

provide a te tissue fixation was utilizéd. Formaldehyde fixation also proved
télbe adqutageous because viral antigéﬁicity, esseﬂtial for immunoperoxidase
- staining, was maintained.” Even though. earlier reports {ndicate that other
:fixafives such as Carnoy's fluid are most effective for the treatment .of WEE
virus infected tissué¢ (Kundin and'Liu, 1964; Albrecht, 1966), the data p‘reseh.ted
in this study.suggests that formal'de?{yde fixation. is equally effective and in fact
offers an adv;ntage because if is routinely employed in tissue processing.

In order to achieve satisfactory resultg. the conditions fqr the ‘st;ining
of viral markers in tissue se'ctic;ns. .must be pre-determined. These conditions

! )
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include fhe time and temperature of ineubation with the various immunological
reagents, the appropriate dilution of all antisera, and the serological specificity
of the immunological reagents. Though ma;ly of these parameters have been
determined and incorporated into standard PAP “ protocols, for diagnostic
purposes it is imperative 'that all variables be standardized to peak efficiency if
erroneous interpretation is to be avoided. |

During the cdurse of this investigation, it was observed that the duration
' and' temperature of thé initial incubation feriod with the primary antisera
markedly affected the final staining results. A 24 to 48 hour in’cuba'tion’.step at

4°C tended to provide the best results. This incubation period could be

shortened to 2 hours, thus truly creating a rapid diagnostic system. However, °

the sensitivity of the assay would be compromised so that weaklyl‘infected sites
may go undetected. If viral replicatior} following initial infection pfoceeds‘at
sufficientiy high rates, then adequate numbers of .viral pgarticles would be
produced early in the acute phase so as to be detectable by IP staining.
Conversely, when the initial infecting dose is minimal or if the vifMlll agent is
* slow growing, than several days may be required to achieve demonstrable levels
of viriohs. Theréfore, the point in the infection process at thch the biof)sy is
taken may be critical in determining the final result.

For diagnostic purposes, the primary antisera must be of sufficiently high
titre to allow the detection of low }evels of viral antigen in tissue specimens.
As well, non-specific or éross-reactive antibodies cannot be tolerated if closely
related viral 5pecies are to be dist‘mquish;ed. A checkerboard titr;:ttion serves as
the most effective means of determining the appropriate dilution of the
immunological reagents. A comparison of the two primary sera tested in this

study reveals that M-WEE virus serum could be utilized in a more dilute form
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than R-WEE virus serum. However, the neutralization tests had indicated thaf
the R-WEE yirus serum had a higher antibody titre than the M-WEE virus serum.
Therefore, from the staining results it appears that the mouse anti-WEE wirus
antibodies must be of higher avidivity in’ order‘ to account for the increased

jnténsity of -the final reaction product. It is this afficient binding capacity that

allows these antibodies to couple to their antigenic counterparts, resulting in an
[ ~ -

.

intense staining pattern. The R-WEE wvirus antiserum' likely contained a more -

heterogeneous population of antibodies, the majority of which were weakly

binding. As a consequence, a more dilute solution of M-WEE virus serum ‘could '

be used te achieve the same level of staining intensity observed with the
R-WEE virus serum. ,One of the adavantages of using a more dilute primary
reagent was that the non-specific component was 4lso further diluted, thereby

decreasing the degree ,of background staining.

As this im(e'stigation progressed, it became readily apparent that

* v

non-specific ‘backgrc.md staining was a problg'nf. Preliminary stained sections
. L g . .
expressec@gn’if'tcant levels of non-specific staining of the neuropil. In an effort

to eliminate or minimize the extent of this unwanted staining, a number of

v
.

alternatives were investigated. .

The most effective treatment to teduce background staining involved the. ’

: . : e
absorption of the primary antisera with mouse brain tissue. This procedure

removed many of the unwanted antibodies such as those directed against normal

mouse brain tissue or non-viral proteins. The participation of these non-spegific

antibodies in the ‘ staining, prdcess had led to high levels of background

~ "?
colouration. Although the absorption procedure led to a significant dimunition in

_the degree of non-specificity, the background staining was not completely

eliminated.
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Increasing the length of the incubation period with~the normeﬂ serum, in
the hope of blocking any non-specific bincii;xg sites, showed fttle .or no
improvement in staining quality. Comsequently, thig procedure was discdhtinued.
Similarly, a p;‘otocol utilizing extended wash cycles and hydrogen peroxide
treatment was instituted in an effort to decrease non-specific staining. Once
again, theSe changes in the methodology failed to provide favourable‘ results.

Another alternative taken to reduce the intensity of the background
stain ‘entailed thé use of the proteolytic' agent trypsin. Several peports have
indjcated that digestive enzymes may reveal increased r;umbers of antigenic
sites or destroy non-specific antibody binding sites (Curran and Gregory, 1975;
Huang et al., 1976; Reading, 1977; Mepha{r! etnal., 1979). The end result ‘is an
increased signal to’_noise ratio or é mersitive' assay. With an increase in
antigenicit);, this would allow the use of higher dilutions of the primary reagent.
Once again, this would assist in further diluting the non-specific .component.
S:nce the CNS contains a great deal of lipid, it is not surprising that proteolync
digestion only margmally improved the staining of virus infected brain t1ssue

, Recent reports in the literature have also»mdlcated'that a 0.1% soh.mon

of imidazole incorporated into the final chromogenic reagent ‘will assist in

decreasing non-specific staining (de Jong, 1984). The tissue enzyfne catalase, :

which will breakdown hydrogen peroxide in the final PAP reaction, can

contribute to the background non-specificity. Imidazole is an ‘inhibitor -of -

catalase, and will therefore reduce the level of this ‘non-specificity. However,

brain tissue has little endogeneous catalase activity, consequently treatment

with this reagent failed to produce the desired results.

T )

The link reagent was also found to contribute to ‘the degree df

-

background staining. The RAM sera derived against whole mouse serum contains

[ NI
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antibodies to all antigenic fractions found in mouse serum. Alternatively, the
= ]

GAM sera was produced specifically against the mouse 1gG fragment.- Therefore,
the GAM sera containéd fewer non-épecifi:c antibodiesf which were cépable of

-

binding to the tissue and ieadihg. to increased levels of background colouration.

.

These re,sixlt.s serv; to underscore the importance of utilizing specific, high

'Suitable cross-reactive controls also played {an important sroleé ‘in

+assessing the specificity of the procedure. Mouse brain tissue infected with EEE

' virus was observed to yield moderate degrees of positivé staining with M-WEE

1 ¢

virus sera. The common group anggenic ‘markers that exist among alphaviruses

‘are likely responsible for the production of crass-reactive antibodiag which can”

v \

lead to incorrect diagnosis of the etiological agent in viral encephalitis.

Therefore, in order'to differentiate between closely related species; type

specifi@viral proteins should be utilized to elicit antibody production. The

resulting antibody population would be heterogeneous in tﬁms of avidivity, but

afxtigenié&hy specific. Ideally, monoclonal antibody preparations would be well
. . . 0} /v'\ R )

suited for immunoperoxidase staining of infectious agents because of their

,

" unique specificity. The most recent indications suggest that monoclonal

antibodies will function quite well as immunohistoehemical reagents
, A . g

(Kristensson, et al.,, 1983). Such i‘eports further -emphasize? the essential

. ’

_ requirements of - highy spacific primary antisera for the diagnosi$ of distinct

e_tiolog‘cal agents by Il"’“he'th'ods. Other valuable techniques such as column

chromatography can be utilized to elute out any non-specific or cross-reactive

o

3
'

" . titred, antisera 1n order to optimize staining results. . i ~

o

antibodies. Once all the technical parameters have been standardized, it is then ..

possible to ap&ﬂy the PAP technique to the dia‘gnosis‘” viral' infections of the
CNS. R

7
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The results obtained in this study are consitent in many respe'cgs with -
g . -'the findihgs of previous reports investigating the pathogenesis of arboviral f
eneephalitides. Firstly, EEE virus was found to be the more virulent of the two

viral pathogens. Mice 'mgculated with EEE wvirus developed clinical symptoms of

encephalitis 2-4 hours eerher “than WEE virus mfected mice. This is in

- agreement with the observatlons of Liu et al. (1970), who found EEE virus
Cole o } T . -

- ‘ woufd prqduce a rapid disease with high viral titres in brain tissue. The highly

N virulent character of EEE‘vas was a,ttnbuted to its ablhty to multiply at a

-

'+ faster rate than WEE virus. Various authors (Johnson, 1980; ]anssen et al,, 1984)

I

. have speculated that this increased susceptibility results because EEE wirus is .

more efficient in the initial adsorption, penatration and uncoating processes !

. i" . required‘ fot viral replication. Rgpid adsoerption has\beeﬂ linked to the presence
. { " :,t: numerous EEE_virus receptors ‘on the cell surface. . d *H' “ :

) ) i ) ) Perha.ps virulence may also be a function of ‘a more "efficient ?‘ephcatlon

-'\; *  mechanism as directed by. the viral DNA. Exceedlmgly efficient viral enzyfnes‘

S .~ may allow for the rapid production of viral progeny during the ex nential
‘ W { pPo

R = grov(th pha.se. Closély, related but less virulent sub—species may corrtain greatetj :

SR ., . - ; numbers of nonsense, codons arising due‘ to genetic mutétions ,lead:mgV to the'’
forr;:ation of oon-i;lfectious \)irions.‘ o g, ) \ |

. S Secondly, both EEE and WEE wvirus exhxbxted a hlgh degree of
, o . neurotroplsm regax.dless of the route of moculatlon. A few mice ‘were moculated i
\ < v1a the mtrapentonealﬂ’nd subcutaheous route as a prehmmary /comparanve
~study. Mlce m{ected by these pathways a}so developed an acute .ery:ephahttc
1llness. Those .animals moculafed 1.c: u(ere’ more se‘verely ill at ‘the time of

satrifice. Tl'us observat‘lon was substantmted bymmmg mth the PAP

'S - techmque whjch revealed intense staining and a widespread dwmbunon of vu'al

,‘._ (:‘ b . ) . ’,_ . >
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produced §/¢omparat1ve1y restncted focus of infection. In the i.p. and CHR

) / infec_ted group, the viral particles reguired an appreciable‘length of time to

. -

*reéich the CNS before viral replication could take place. In contrast, those

partlcles placed du‘ectly into the bra/u-\\could begin replication 1mmed1ate1y The

and S.C. has been’ associated with the time required to develop a suff1c1ently.

w &

o elevated viremia that would allow infection of the CNS (Wong, 1963; Harrison' et

. al., 1980, 198/2). 'Mesodermal’ tissues such as_muscle, cartilage, and bone marrow

hich have been implicated as the primary sitestof viral replication responsible
for Yeeding o:’ the bloodstream (Grimley and Friedman, 1970b), regrettably were
not ;(amined in this investigation.“Ho‘Qlever, the absence of viral antigen in

A]

-PAP~ stamed -sgctions taken from V'Lsceral organs clearly showed that these
[} » ¢

-tissues would not hkely be responenble for maintaining elevated viremic levels.

-~ .

The ‘extent of viral replication in visceral tissues is also dependent upon the

route of ‘inoculation (Peck and Sabin, 1947'; ‘Albrecht, 1957b). But in this study

>

neither the i.c. nor the’ J.p. or s.c. routes led to detectable levels of viral

‘antigen in the peripheral( tissues. It is believed that virus production did occur
=, , .

-

" in many of these tissues, but that the levels of "viral aritigen fell below the

[

. sensitivity of the aséay. Evidence supportmg this has been offered~hy Liu et al.

-

>y
b (1970) whé» also failed to detect w:al antigen m nsceml organs _using

lmmunonuorescent technfques. Nevertheless. they vqere capable of demonstratmg

virus producnon i’ these - nssues through routine titrations of mfecthty.

» N

‘Therefore, it seems femble tha.t viral rephcanon occur;red but at much lower

Bl

rates, than those present. ;r; the bram. Subsequent analyses of viral pathogenems

-

delay noted in detectmg viral progeny in the neural tissue of mice infected i.p._

72

antlgen in the CNS. Mice tceeewxng the virus suspension via i.p. and s.c. routes —_

ed
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would be 'wise to monitor virus production in both m:‘lscle tissue and fibroblasts

which act as key re'positor{es of viral agents in peripheral tissues,

. "A third observation frequently cited in studies of arboviral pathogenesis

(Aquﬂar, 1970; Mims et al., 1973. Janssen et al., 1984) was the absence of the .

- htstopathologmal featurds of an’ acute encephahtls. An occasional necrotxc
neuron provided the only ev1dence of a pathologlcal process, '}‘hese lesions
although noted in WEE infected brain tis:sue. were much more prominent n EEE"
virus infected animals. Microglial proliferation and an inflammatory cell
infiltrate were also absent ,fromj the histopathological picture, The minimal
evidence 'mdicating morphological and pathological change in the brains of mice
expenmentally mfected w1th WEE v1ms was an unexpected observatlori The their ‘
intensity of the final stained product also suggested that an abundance of virus \ thans

" progeny had been produced. These two factors, however.-do not necessnate lysxs .

of the host cell, but may merely Treflect the efficiency of the ceuular system as |

a- virus producing factory If the v&'us parm:les remained sequestered within the

cell until late in the infectious process. this delay could account for the lack® of .

hxatopathologlcal changes. Since the-viral proteins which incite the 1mmune

response would only become evident late. in the infection, then the immune .

. ’ that ulttmately contribute to the- pathologmal process. A si nent has

béen put forward proposmg that fulmmant viral infections cari develop anf- ﬁot . |

Al

L allow thg immune mechamsm enough t1me to rnount a visible .response (Fldadah - .

and N4thanson, 1967, Albrecht. 1968; Lm et al., 1970) A vatiety of sources’can
H-!

- : contnbute to the development of fulmmant mﬁect(ns. A high 1mt1a1 v1ral dose .

. or direct moculatlon of the pathogen mto ‘e CNS. will often lead to agrssswe L

viral encephahtldes. gmilarly, an .1mmpnocompromtsed Jhost: such.” as/a B




developmentally 1mmatu_re‘.a‘n1ma1 will be acuteI)'l sensitive to"‘a raging wviral
infection. In this 1nvest1gatlon,' both the immaturity of the host (1-3 day old
s\;ckling mice) and the route of inoculation (1.c.) could be seen as factors
contributing to the limited histopathological changes observed. However, mice
neculated 1.p; and s.c. also failed to reveal substantial changés in the n’eutal
tissue. As well, " adult mice have been shown .to produce m:mr'nal
hlstopatﬂologlcal lesions following viral encephefhns (L et al., 1970; Janssen et
al., 1984). Therefore, 1t sée.ms.that other factors. are more "1mportant n
determining the final pathological ptctu're. ' : .

In terms of localizatign, the PAP procedure revealed the midbrain, the
pons, and the medufla to b.e the areas containing the most extensive dlggnbdtlon
of WEE wiral antigen 1n the CNS. The sub-cortical region, especially’ ihe a‘rea
cinguli, as well as’ the penvent:}cular area of the thalamus, the hippocampus
and cerebellum were often laden with wviral antigen. These results are
gom.parable to previous report; in the literature (Johnson, 1968; Eldadah and
- Nathanson, 1967;, Lwu et al., 1970; Mims et al., 1973) which have indicated that
the cerebral cortex, port;oﬁs of the hippocampus, and the Purkmjé cells of the
terebellum often contain wiral anugens':followmg arbovirus infection. The study
d1ffer's frc;m these early investigations in that the basal gangim‘ and the corpus
striatum which have been previously implicated as primary sites of attéck ~dunng

4

arboviral invasion were not rhajo’f sites of viral antigen depositiori. .
. LA )
~ . v i .
.. Whether anatomical connections, selective vulnerability of neural cells,

or specific virus strains are.responsible for .the distnibution pattern .of the
pathogen 1n the CNS 1s difficult to assess. Future. {nvestlganons concerned with

‘the. movement of wviral particles within the neuropil making use of stereotaxic

inoculation .procedures would allow for precise localization of th&infecting .

‘ o ‘ |

74




I

;"
dose, and” analysis of tissue take‘ various stages in the infection process in

order to reveal the migration rout@of the wvirions within the CNS. Such studies

would indicate if anatomical communications play a central role in determining

virus transport or whether viruses are propogated to intrinsically suscepttble

— -

neural sub-populations. Intrinsic sutceptlbtlxty of cells has been associated with

the' complex funation of neuronal.nclel. which manifests itself through the‘ ‘

proqluctton of a Vakiety of cellular protems many ‘of which att as viral receptors

(Johnson, 1980). .

’

WEE v1ms was also detected -in the ganglion cell layer of the retina.
Mims et al. (1973) had reported immundfluorescent staining of group-A arboviral
a’ntigens in the ipner and outer nuclear layers of the retina. Such evidence

along with the localization of WEE vxral ant1gen in cranial ganglia is strongly

suggestive of centrifugal spread. 'I‘hls form of centnfugal spread 1S common in

-

the end stages of mfectlon with a;'bovmal agents (Eldadah and Nathanson, 1967).

3

Thisxdata woyld suggest that arbovuuses such as WEE virus are capable of being

transported alot{g a neura) soute. Hovever. 1t is not clearly understood how
A ]

L2 ‘ v . -

viruses are propagated along nerve fibres. Since axons contain RER which is

essennaldqr" w.rus replicatmn. an onplas'mlc transportation route has been.

oA

postulated ’ (J_ohnson. 1982). Immunoperoxidase staining was not seen

\»endoneural cel.ls.’ but rathex: in the perikarya of infected éanglion cells.

.

[ 3 ]

Therefore, the possibility exists that WEE virus replicates in the cytoplasm of

ganglion cells and is conducted via the axoplasm. ) .

WEE virus wag found strictly in the cytoplatrrfr!‘of "a‘ll anected cellular
elements. There ‘was no evldence to support mtranuclear localization. These
results gonfirm the fact that WEE virus rephcates thhm the cytoplasm of host

cells. Other studies Have demonstrated arbov1ral antxgens within the nucleus,

)

75




-

-
L 4

but this likely represents late s.tége degenerative changes such as -a’ bAreakdown
in the nuciear membrane (Hamashima et al., 1959). .

Neurons were the cell t#euhost often infected, Even théugh many of
these cells uere_ intensely stained indicating profuse viral production, very few
neurons exhibited morphological ohahge. Early degenerative features of WEE
include the formation of cytoputhic vacuo}es._ but their significance is poo;Iy
understood (Wolinsky and ]ohnson. 1980). *The development of such vacuolar
fesions along with focal areas of demyelinization and the minimal structural

. . .
alterations seen in the host cell is consistent with- many of the [eatures

associated with "slowswiral infections". The ‘possibility that WEE wirus might,
N . .

.0 1
under some circumstances, beha\?e as a "slow virus" is$ an intriquing one. °

The PAP technique also demonstrated viral antigen within the dendrites

sand axons of neurons. This observauon is .of particular 1mportance thcause it

LY
suggests, an obvmus cell to cell transfer mechanism. Cellular locahzatxon of

~

'viral particles using E.M. and immunoperoxidase methodologies ‘would again be

very useful in dedtermifing. whether this is a v1ab1e pathway for the

-transportalnon of viruses w1thin the brain. If vuuses do travel by this system,

%
then viral revhcatlon must proceed expidiously and the transportsystefn ‘it be

\

. A oo Y S .
extremely efficient in order to account for the widespread distribution.o{ virus

intheCNS.'.’I . C | - ,

cells lining the ventnc‘les. However. no deposltlon of reacnon product was, seen -

> -

in the eplthehal cells of the choro1d plexus. Since these two reglons ate
"e

: frequently the site of viral agents (Hamashlma et al., 1959; Kristensson et al..

¥

1983), and the two structures he in lose assocmtxon, then’ the mxgratxon of”

virus pa_rtlgles from ,the vascular choroid through the ependyma and into _the.
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* Specific stammg oP v1ral antlgen was also detected in the ependymal
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CNS has been postulat;d/(]ohns,on and Mims, 1968). The Iacl of immunoreativity
in the choroid would suggest that the virus is not capable of moving from the
CNS to the peripheral bloo;i via this barrier. However, it may Be that the virus
simply has not ,'h;a suf'ficient'time to replicate to detectable levels in the , | I

! : skl
epithelial cells. This does not appear to be the case as the intensity of the PAP LT

reaction in the surrounding ependymal cells supports extensive viral repliéati(qn N

; . R ) C 1 .
in this aréa: v . - )
- * One bf "the unique observations of this investigation was the apparent

o

lack éf‘,involvement of the glial cells. Only in rare instances was specific
staining of glial elements demonstrated. It would not be. unexpécted to find a

few microglial macrophages ‘which have phagocy%ized virus particles. Since glial

cells typically i‘espond late in the infection pfocesg, a fulminant infection

wequiring only»‘32‘-38 hours to reach a fatal outcome may not allow large

4 v ’

-numbers of glial cells to begome activated to the viral infectien. It may also be ‘

argued that the *hicroglial cells aregstill functioﬁally immature, and therefore

.

incapable of responding to a viral attack. «
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i
"' Figure 1 'Immunoperémdase staining in the sub-tortical region of formalin,fixed,
' , . . . H
paraffin embedded mouse brain tissue infected intracerebrally. X 100.
*
» 4
.
o
L]
y ! !
, 4
* o - Figure 2 Extensive PAP staining of WEE viral antigen in the midbrain with the
’ '-:-\ , - _absence .of stainiAg on the locy ceruli and veritral, tegmental nuclei. * X 100.
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Figure 3 WEE wviral antigen localized in lamina plexxformlsb interna cell layer of
the olfactory region.PAP X 100Q. c v
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Figure 5 WEfE viral antigen stained by 1mmunop¢rox1das,e‘
perikaryon of cells of the trigeminal ganghon. X 250.

cells of the cerebellum indicates the presence of WEE viral

e
. .
, v . \
» .
i . ,
.

v

localized within the

"’Flgu-re. 6 Aba"rklhy stained reaictlon product withii the cytoplasm of the Purignje

an&gen. PAP X 250.»



Figure 7 Immunoreactivé neuron ,in the inferior colliculus, stamed by the

peroxidase-antiperoxidase techmque. X 1.00 ' ~ .

Figureb8 Positively stained thalamic nucleir dempnstrated by immtinoperoxidase

1ndicates replication of WEE virus. X 250.

v

~



Figure 9 Cytoplasm and cell processes of neurons from the temporal region of

the cerebral cortex reactive by immunoperoxidase. X 250.

N
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