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1ii.

The role of cell mediated and humoral immune response
in the pathogenesis of experimental pichinde virus
infection in CBA mice was investigated. The study

showed, that cell mediated immunity as measured by invitro

51
mediated lysis of cr-labelled targdffPnocvte

L cells played a vital role in the pathogenesis of acute
lethal pichinde virus infection of suckling CBA nice. During
the period of maximum lysis (8-9 days post infection) clinical
symptoms were apparent in the acutely infected

mice, at the sane time histopathological changes consisting of
inflammatory cell infiltrations and necrosis of vital, organs
such as the liver, kidneys and brain were prominent removal
of T lymphocytes by antithymocyte serum resulted in
considerable reduction of mortality while depletion oi
macrophages or B lymphocytes did not significantly reduce
mortality or cytotoxicity. Adoptive transfer of immune
lynphocytes, bes obtained from syngeneic pichinde virus
infected mice to persistent pichinde virus carrier mice also
resulted in mortality. While humoral immunity did not
contribute significantly to the pathogenesis of acute
pichinde virus infection of suckling CBA mice neither did
antibody dependent cell mediated cytotoxicity play a
significant role in the pathogenesis of the infection. It
was observed that in persistently infected pichinde virus
carrier CBA mice, antibody played a vital role in the
pathogenesis of pichinde virus infection as these persistent

pichinde virus carrier mice
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developed circulating immune complexes which gradually
deposited in the kidneys of the carrier mice and contributed
to glomerulonephritis, fibrinoid necrosis and perivascular
inflammations which resulted ultimately to the death of most
of the carrier mice. Removal of virus -antivirus immune
complexes from the sera of these carrier nice by
precipitation with anti mouse gamma globulin resulted in
significant reduction of infectivity.

Although it was shown in this dy that H-2 identity
between the effector and target cells would yield maximum
lysis of pichincle virus infected target cells, there was no
significant difference in susceptibility of the four inbred
strains of mice ering in H-2 haplotype to acute pichinde
virus infection is all the inbred strains were equally
susceptible to lethal pichind e virus infection.

This study also revealed that mononuclear cells from CBA
mice either acutely or persistently infected with pichinde
virus yield infectious virus when measured by infectious
centre assay though the yield from acutely infected mice was
higher than the yield from persistent carriers, furthermore
mitogenic stimulation of these cells gave increased levels of
infectious centre forma-tion which might suggest that these

cells might serve as reservoir for virus persistency.
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V.

Striking differences between the immune phenomena,
pathology and clinical manifestations of pichinde virus
infection and the type or model arenavirus disease
lymphocytic choriomeningitis (LCM) were observed. The
expirations, which may be in age, strain and aex-dependent
regulatory factors , may be very important in finding a Key
to prophylaxis or therapy in the arenavirus - caused human
diseases which include the type disease LCM and also Lassa
fever, endemic in Nigeria. Future studies will be oriented

in this direction.
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To1400 @ | GENERAT INTRODUCTION

1e1e1e The Virug:

Pichinde virus is é member of the Tacaribe complex
of arenavirus taxonomic group which include lymphocytic
choriomeningitis virus (the prototype virus), lassa
virus (the agent of lassa fever), and the tacaribe
complox of viruses (Junin-~the etiologic agent of
Argentinian haamorrhagic fovor, Machupo~the etiolegic
.'agant of Bolivian haemorrhuagie fuver, amapari, tamiami,
tacaribe, latino and porana Viruses). &Ll excopt lassa
and lymphocytic ahariomeningitis viruscs are found
locelized in South snd Central dmerice. Lassa virus is
so far found in West africa only. LG virus is widely
gpread. ILassa, Juin, Machupo smd $o o legser extent
LCM viruses aru the only known humsn pathogenzs mmong
the arenaviruse: so for discovered, Lymphocytic chorioe-
meoningitis virus was the first of the arenaviruscs to be
discovercd from humnn ~utopsy materinls of fatal case
gugpeeted o be Snint Louis Encephalitis virus (Amstrong
and Lillie, 1934), The virus wns algo isolated from
patients with aseptic meningitis (Rivers and Scott,
1936), In this group of viruses, the next member to be
described wns Tacoribe virus which wnes isolated from
bats in Trinidad in 1956 {Downg et 21,, 1963). This
followed the dsolation of amapari virus (Pinhceiro ot o1.,
1966), Junin virus from o paticent with Argentinian

haemorrhagic fover syndrome (Parodi ot al., 1966},
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Mrchupe virus from fotal cases of Bolivinn hacmorrhagic
fever (Johnson ot ~1.,3965u% md Webb ot al., 1967),
Latino znd parana viruses (Webhd ot al., 1970, Tamiami
virus (Cxlisher et al,, 1970), lassa virus (Buckley and
Casnls, 1970 and .’;'pitzr et 2l,, 1970), Pichinde virus was
firat isoluted in 1965 from pooled liver, gplocn and
kidney tissucs obtained from 1 rodent QOryzomys albizularic
which wos trappod in o forest in the pichinde vellay of
Culeombin South gwrien but weo not characterized wntil

1971 (Trepido 2nd San Murtin, 1971),.

{5120 Gonc-rai Chrracteristics of droncviruses:
Tho aronaviruscs have all negoatively strandod RNA

Jononce Thoy arce grouped togethcr oa the basis of
ginilaritica obzerved in the virus stracture, RiL content
and sorelusicnl relationship anong the nombers of thoe
group, Bleatror nicrescopic ezominntion of ~renavirus
infoctod ecolls or nesiively strinoed virug preprration
hWrwva revenled that the virun perticlen sre anhorical or
pleomorphic measuring (50-300nm in @i-mcber) with {Onm
elub shnpezd proieetions (Dolton 2t ~1,, 1968, ibelson
et 2l., 194, Murphy et nl,, 1963, 1970, 1973, Puckley
and Canals 1970, Mifune ot 21,, 19371 "nd O0foddile &t d,,
1973).

Bxznination of wltrathin seetions of 211 arenavirus.s
has showm that the vipuse. charccteristicrlly possces

within tlhicir virions on¢ or norc 20-24nnm diauetor clectron
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dense éranulés whieh have been shown to be 80s ribosones
of host cell origin (Carter et al., jg75y Pedorsen, 1973b3
Farber and Rawls, 1975). Itiwas from the sandy appenranco
0f the ribosonal granules that the nane arenavirus wag

derived, - _ ; .

1.7.3. Biochorical and RBiophysical Charceteristics:

Biochenienrl and Biophysiczl studics have shown that
all arcacviruses cppesr to be similor slthoush inportant
difforences do exigt, All the viruses posscss single  «
gtranded RN.. in four large pieces and several snmellor
piceces with 2 toteld moleeular weight of epproxinately
3.5x106, The R¥4 specics have scdinentotion co-sffic-
ients of 313, 283, 223, 188, 158, and 4~&3. The 313,
223 and 158 are virus apecific while the othor RNA
gpoecies arce of hogt ribogone origin (Pedersen 1970,
1971, 1973, Carier et al., 1973; Corter, 19755 Piou,
19744 Pfauw ¢t al., 19743 Farber ~nd Rowls, 1975 and
[non et al,, 1976)., The virus speoific RNA specices are
negatively stranded as they leck the structural ond
Tunctional properties associnted with positive otranded
nlRNA such s polyadenylated sequences nt the 3' termini
and the RNAs are noninfeeticus perse (Carter et al.,
1973, 1974; nd Leung and Rawls, 1977,

The arcnavireuses hove four najor structural polype-
ptides two of which arce glycosylatoed and the others |
nonglycosylatod (Rawos et al,, 1972), Segovia ~nd
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Seaitrd (1977). Purifi;ﬂ aub gers derived from arenavirus
iafectod eslls have buen individually evamincd, -8oluble
complanent fixing antigen derived frow Suinea pjg Lissues
infected with 109 virus was studied and-found+to be
soparablc from the virus by ultra centrifuzation (Smadel,
19%39). Bro-Jorgensen (1971) detectod twe arntigenic
speeiza in exbract of LOM viyus infeeoted BHE.-21 celle
wing immuncdiffusion technica. One antiger was heat
gtadle and resjstant to pronase digestion while the othur
antigen was heat labile and sensitive to pronasec degestior,
Lwut both entigens sedimented at approximately 3.58 iv
uercse gradionts. A similar result wis obtzained by
Buelmedicr ¢t a2l., (1977 when studying pichinde virus
infeeted cells. The heat stable antigen, when purified
Ly sucros: grodient cuntrifugation followed by isocloe.-
tric focusing wand gelfiltration, wvas found to accownt

Tor o uajor portion of the complement fizing wetivity.

The goluble eonpleunent flxing nntigen was distinetl
amtigonicenlly Tron the viricn as inoculction of complonent
fixing mntizgen inte animals inducoed antibodies but failed
to neutrnlizc she virion (Gschwender and Lehuanne-Grube,
1975). On thc b-sie of this complonont fixing activity
apd dndirect bormmofinercocence agtaining the relation-
ship between individunl mepbera of the aronaviruacs was
catablished (Mettler et al,, 1963; @nunls, 1965 nnl

Rowe et 1., 1970). The glycosyiusiz! ontigem yhich ic

externally loe2ted and in azsceinted with the envelopa



of the virus iy specific for each nronnvirus species nnd
iz uzoel in neutralization test for Type specific

1dentificntion of the arcnaviruscs.

b L4 Tt fect nf srcnavirusces on the Imnune Function:

It is well-establishoel that certnin viruses con
infeet and subsequently alter the nmorphology of the
lynphoid organas, Electron nicroscopic stulies hove
denonatrated the presence of virus porticles in celle of
the Iymphoretieulor systen such as nnerophoges, lymphoeybcs,
thynocytes ctes Murphy et al (1976) reported the infection
of negokaryocytes by tanioni virus and in 2 sinilar study
pichinde virms particles werce denoustrated in macrophages

of infected mice (Murphy et al., 1977).

Lymphoeytic shoriomoningitis viruns was also found
to perpistently infeect macrophages ond both 8B 1ympho-
cytes (Poposcu et 2l., 1979). These suthors hypothesized
that the lymphocytes in the LOM virus carrier nice were
infectod vin the LM virus gpecific angigen receptors
thereby leading to their antigen triggered clonal expansion
followed by infection and functionnl inactivation. Some
viruses can replicate in lymphoid cells and destroy the
c¢ells nlthough not 2ll infe~tions of the imnmune systen
results in cell destruction, secme nay lead to persistent
infections, For exmuple infection of B lymphocytes by
Bpstein-Borr virus con resuit in the egbablishrment of o

continuous lymphoid cell line in yitro, while infection
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with leukemin viruses nay result in maliznnt transfore-

nntion.

If is generally believed, however that resting
mirine lymphocytes are not pernissive to infection by
viruses unless the cells have wndergone blost transfor-
mation following exposure to a specific antigen or
nitogen (Eustatia and Van der Veen, 1971, Kano et al,,

1973).

Replication of viruses in lymphocytes or macrophages
can affect the function of the immune system. Investiga-
tiong by Mins =and Wainwright (1968) have shown that mice
infected with lymphocytic chorioneningitis virus made
four to eight fold less antibody to shecp red blood cells
than did the winfected controls. 4 similar study
(Parodi et 2l., 1967) had earlier shown that infection
- of guinen pigs with Junin virus resul¥ed in the decreasce
of both the prinnry and secondary imnune regponsge Lo

human red blood cells.

Other viruses were found to smhance the immunéJ
response ingtead of depressing it, Notkine gif gl., f
(1966) and NHoward et al., (1968) showed that infection of
mice with laetie dehydrogenase virus (LDV) or  Vonczuelan
Bgquine Fncephalitis virus (VER) can enhance the immune

responsge o certain antigens,
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In addition to their effect on hunoral immune
regponse, virus infection can also affect the cellular
immune response, It has been shovm (Hanaokas et al,,
f1969) that infection of nmice with LCM virus resulted in
the destruction of thymie dependent areas of the apleen
and lymph nodes, Allograft rejection was profoundly
depresged in aninals infected with gross Leukenia virus
(Dent, 1972). Infection with rubella end nmeasles viruses
have been shown to innibit blast transfomation of
lymphocytes (Olson et al., 1968). Jillems et 21., (1969)
showed that lymphocytes from patients with infectious
mononucleosis ~nd infectious hepctitis have depressed

ability %0 undergo bluast transfomation,

The congegquences of viral depression of immune
responsge could make the hoat more susceptible to other
infections. Depregsion of cellular immunity could mcoke
the host lezs able to rejeet malignant eells which could
enhance 7rowth of tunoura, It could 2l3n ~2ccount for
chronic noture of certain virus infections (Rawls, 1968;
Cihak and lehmann-grube, 1974, ani 1978), Virue
enhancement of immune responge is believe? to he inportant
in the eticlogy of autoirmune digeases by stinmulating auto

antibodies,

Oldstone (19T70) showed the prevelence of auto-imnune

dise:ses in NZB nice which had enhanced immune response,
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1.1.5. Inmune Response to arenavirus Infections:

Inovme response to infectious ngents is an important

component of the host defense mechanisms. It is
renerally sgreed that specific immune response sgainst
viral infections plays a decisive role in the recovery
from these infections (Glasgow, 1970 and Blanden, 1971).
In certain viral infections humorzcl immune response plays
an important protective role while in other infections
recovery from primary infection and resistance to rein-
fection ie mediated by cellular immune response that -’
involves specifically serggtized thymus derived 'T!
lymphocytes (Hemney, 1973 and Cerottini and Brunner, 1974),
T=cell medinted lysis of cells expressing viral antigens
may be generally beneficial in cases where sensitized
T-cells act either alone to eliminate virus tronsformed
tumour cells as shown in rejeetion of allogeneic tumours
(Freedman et al., 1972) or T=cells can gollaborate with
nmacrophoges to limit the growth of cytotoxic viruses in
tissues (Blenden, aad Yims., 1973)

1.1.6« Deletericus Biffect of Immunc Pesponse:

In 2 number of cascs the immune response of the host

may be the principal cause of tThe pathological manifos-
tation of certain viral infections. BEvidence that T-cells
operate to the detriment of the host has been shown in a
number of lympho-proliferative diseases such as Marek's
disease of chicken (Rouse et al,, 1973), the post

infectious viral encephalitis and various persistent



viral infections (Hotchin, 1971).

In arenavirus ihfecfions of mice the.immuaﬂrésponse

- of the host has been found to play a key role in the
pathogenesis of the infection especially when damazed

| cells are essential for the functional intergrity of

the host. This hac been intensively investigated with

| lymphocytic choriomeningitie virus the prototype of the

arenaviruses because LM virus produces life long persig-

tent infection in new born mice while nice infected asg

adults develop o fatal immuhopathologic disease of the

central nervous system. TN virus infection in adult

mice ig not cytopathic and the .animal remains free of

: elinical sisns until the onset of the immune response

about a week after intracerebrzE infection when inflam=

~ matory cell infiltrations oceuring at visceral and

| neningeal sites of virus replication initiante the patho-
logical changes leading to death of the animal,
Imnunopathological nature of the disease was proved by
showing that inhibiting the development of cell mediated
immune response by neonatal thymectomy or administration
of antilymphocyte serum or cytotoxic drugs such as
cyclophosphamide would prevent the lethal disenze,

. (Rowe et al., 1963; Cole gt al., 1971; Gilden et al 1972).
I'Doherty-and981nkernagol, 1974; Jolmmgon and Cole, 1975.

In osontrast to the acﬁfe 10thal'd£sease broduced in

adult mice neonatally cy congenitally infected mice

develop no elinical signs of the disease during the carly
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phase of the infoction eventhough widspread infection of
the tig~ves have been demonstrated, but later in life
these earrier mice develop chronic glonerwlonephritis s
a result of deposiition of virua antibody complexes in the
kidneys of these mice (oldstone nd Dixon 1969, 1970,
1971).

Attempts have been made to determine whether it is
the antibody medizted or cell mediated gomponent of the
inmune responsc th-.{ causes the pathological manifesta-
tions of the disease., Invitro experiments by Lundstedt
1969; Oldstone and Dixon, 1970; Marker and Volkert, 1973;
Doherty and Zinksernagel, . 1974 have all shown that
spleen cells from LCM virus immune donorc destroy LCM
virus infeeted syngeneic target cells. The peak cytoto-
xicity of 1lymphoid cells {from the infected mice co-incided
with the time the pathological manifestation of the acute
disease., The specific cytotoxicity was abrogated by
prior treatment of these cells with anti theta aseitic
fluid plus complement but was unaffected by treatment
with anti mouse immunoglobulin gerum plus complecmentsi
neither would depletion of macrophnges have gignificont
effect on cytotoxic activity of the immune spleen cells,
Thio trongly indicated th.t thymus derived T-cells were
regponsible for the pathologic manifestation of the
acute disease, These T-cells were specific as they did
not exhibit cytotoxic uectivity for monolayers infected
with other viruses (Doherty, Zankerncgel and Ramshow,
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1974). The result agreed with data obtained with in vivo
experiments. by Cole et al (1971), Gilden et al (1972)

" who showed that when LY virus immune spleen cells were
Yransplanted into cyclophogphanide induced persistent
carriers, the mice died with the acute pathological
manifestations similar to those acouring in natural

acute infection. These results clearly indicate that
cell mediated immune response plays a vital role in

the pathogenicity of LM virus,

Further studies by Volkert ot al (1974) indicated
the presence of two subgets of T lymphocytes in LCM
virus infected host. An ﬂamﬁﬂpﬂy short lived T cells wore
entirely responsible for ecytotoxic activity against LCM
virus infected target cells, Antiviral effect after
transfer to acutely infected animals was also the
function of the early immune T-eells, Those cells wore
inactive after transfer to shroniecally infected virus
carrier mice whereas ftransplant of late immune T-pells
{(Longlived) %o such mice had very strong antiviral
effect, The early immune T-cells werc found to be
resigtant to I=-irradiation wherecas late immune eells
. were gengfbive., Both were however susceptible to anti

theta serum treatment.

1.7.7. Bffect of Humoral Immunity on Pathogenesgig:

Studies by Oldstone and Dixon 1971 have showm that
LM viruz antibody plus complement is eytotoxic for LOM

virug infected target cells in vitro as the absence of



. specifie antibody and complement resulted in no injury.

. The possible immunopathological action of antibody was
Cealeo suggested by finding that complemunt depletion made

LT virus considerably less lethal for adult mice {0ldstone

and Dixon, 1971). I

In many viral systems it has been shown that virus
infection can produce new antigens on the surfaces of
infected cells., The interaction of specific antiviral
antibody and complement with the surface antigens can lead
to cell destruction and may contribute to the pathogenesie
of the lesions associated with the infeetion. Bxperimental
evidence in vivo with LCM virus has demonstrated that

}antibody can play pathogenatic role when passively
administered to animals infected with LM virus as
intensification of characteristic lesions resulted

(Oldstone and Dixon 1969, 1971, 1972).

| The depgree of injury depends on the density of
viral mntigen en the surface of infected cells, the
inherent susceptibility of the gellc to lysis by comple-
ment, the ﬁature and concenvration ef the antiviral
antibody, the rztie of complement fixing to non comple-
ment fixing antibedisg in the serim ond the presence of
inhibitors such as rheumatoid factor that might block

the complement fixing sites on the antiviral sntibody.



Recently Johnson et al., 1978 have demonstrated that
B=oells and their secreted products did not play a vital
'role in the pathogenesis of acute central nervous system
digease cauged by LCM virus. Other studies by Welsh et
al., 1977; Welsh (1978) have demonstrated the involvement
- of natural killer cells (NK) in the pathogenesis of acute

LM virus infection,

Much of the evidence regarding +the pathogenesis of
arenavirus infections hag been derived from studies of
LCM wirus in mices the pathogenegis of other arcenaviral
infections has received little attention, The pathogen~
esis of Tacgribe virus in mice was found (Borden et al.,
1971) to be immune mediated as they demonstrated that the
acute lethal effect of the virus could be prevented by
rrior treatment with anti-lymphecyte serum which also
prevented the develpment of the histopathologic lesions.
Imnune ascitic fluid failed to influence the sourse of
the disease indicating that the disease was primarily

mediated by cellular ecomponent of the lmmune response.

It vas elso showm that pathogenicity of Junin virug
was immune mediated as it wags prevented by neonatal
thymeetomy (Weisenbacher et gl., 1969)., The pathogeni-
city ¢f amapari virus was however found not to be immume
mediated as thymectomy or treatment with anbtilymphecyte
gserun did not protect the mice from <The lethal effect of
the virus (Parodi et al., 1967). Murphy et al., 1977

studied the course of Pichinde virus infection in



- 14,
renaters and concluded thst the lesions were due to direct
viral cytopathogenic effectz rather than immunopathologic

- host response as found in other arenaviruses,

fnong the arcnaviruses only Junin, Machupce and
Lassa viruses have been proven to be human pathogens
(Johngon et al., 19653 Jugtines and Johnson, 1969; and
Buckley and Casals, 1970). These viruscs are extremely
heorzardoug and only laboratories with maximum containment
; fanilities have been able to study dhe viruses. There-
fore very little is lmown about their mechanisms of

pathogenicity.,

Difforences in pathogenicity do exigt in some of

- the arenavirusecgs while pathogenicity of Tawaribe complex
of viruses decrease with increasc in mouse age.at
infecticn, the pathogenicity of the prototype LCM virus
increases with inecrease in age at inoculation (Jokhnson
et al., 1973 and Borden et al,, 1974), This work will
= try to investigate the role of caellular and humoral
immunity in confering resistance or in the pathogenesis

of pichinde virus infecition in inbred strein of CBA nmice.

LA1.880le of Immune Complexes in Arenavirus Pothogenepig:

It is well entablished that the persistence of
Cantigen—sntibody complexes in the clrewlating plood can
lead o serum sickness as manifested by glomeruloneph-
ritis, polyarteritis, urticaria, arthralgia and arthritis

(.ﬂ.lper‘t, E:E % 1971 and G’OC}CQ, E%-’ 1971)0 Immune
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- eomplex formation involving viral agents is a common

event as virus ~ antibody complexes probably represent

o natural host defense mechanism for c¢learing the infecting

. agent. However, immune complex disease may result
" because of cither abamant immune response against the
viral ageat or deficiency in clearing or degrading of

v these complexes, Iymphoeytic choriomeningitis virus

~ infection of the mouse has been used extensively for

gstudyins virus induced immune complex formation and diseuse.
HIIt has been ghown in many studies (0ldstone and Dixon, !
1969, 1970, 1971) that LG virus can persist in the blood
in the forml of virve antibody complexesg which can deposit
in the kidneys of the infected mice to produce on immune
complex type glomerulonephritis. Studies of nice
persistently infected with lymphocytic choriomeningitis
virugs and lacticldehydrogenase virus (ITV) have revealed
infectious immune complexes in the circulation. These
complexes deposit in the renal glomeruli, arteries and

- choroid plexus of the brain of these mice (Qldstone and

| Dixon, 1969, 1971, 1972; Porter and Perter, 1971 and
Oldstone, 1975). The zeverity of the disease iw related
to the strain of mouse and tue relative proportions of
antigen and antibody., In antigen excess the soluble
conmplexes are formed which may be widely deposited in the
kidneys, arteries and gheroid plexus while in antibody
excess complexes are usually cleared rapidly. Recent .

- studies by Oldstone et al., (1980) have shown that mice
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persistently infected with LOM virus mount continuous

anti 1lymphoeytic choriomeningitis antibody lending to
fomation and dgposition Jf these complexes in tissues.
Buch mice carry infectious virus antibody complexes in the
circulation. The antibody reacte specifically against the
three main LM virus structural polypeptides. The
immnoglobulin eluted from the glomeruli of mice that
develop Zlomerulonephritis was found to reaet specifically
with LCI antigen in the complement fixation test (0ldstone
and Dixzen, 1969; Oldstonc et al,, 1975 and Buchmeier nnd
Oldstone, 1978).

In another study (Klein et al., 1977) it was shown
that the eluted immunoglobulin in the LCM infected carrier
mice did not specifically react with LCM antigen as
claimed by Oldstome =“nd group.

There nas not been any report in the literature to
my knowledge to show thet similar pathogenic immune
complexes are yvoduced by other arencviruses, This
gtudy tries to investisaote the role of immune complexes
in the pathogenesis of pichinde virus infection and in
the establishment snd maintemance of persistent pichinde

virus carrier state in mice,

1.1.9:Genetic Control of ilogt Susceptibility to Arenavirus
Infection:

/n nssociation between the immune response and the

najor histocomp=ztability (H-2) complex has been demonatra-—
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ted in mice infected with LCH virus (Oldstone et al.,
1973). Aaccording to many investigations, H-2 is
responsible for lymphocyte transfomation in mixed
lymphoeyte cultures (Hirsch 1972), for generation of
eytotoxic T-cells invglved in an in vitro cell-mediated
lymphocytotoxicity nesay (Zinkemegel and Doherty, 1974,
1975), The H=2 products are slso involved in the
regulaticn of the immune response (Ir-loci) to a variety
of antigenz (Benacerraf and MeDevitt, 1972), in regulation
of T&R lymphoid cell cooperation (Kindred and Shreffler,
1972) and in the early phase of complemcnt activation.
Theoriez to explnin restriction jmposed by major
histocompatability prodqucts on T-cell recognition of
antigen have been put forward by Doherty et al., (1976)
who postulated interaction of an antigen and major
histocompatability products on the surface of appropricte
target cells and thet T-cells recosnize the complex of the
specific ontigen and H-2 products. In the case of cellular
antigens recognized by cytotoxic T=-cclls, the complex will
consist of the specific antigen and the products of K or
D region of the Ii-2, while for T=-cell recognition of ..
soluble gntigens, the complex vouwld involve the products
of I-region of the H=2,

Genetic influence on resistence and susceptibility
of mice to infection with LCM virus hag been extensively
studied., It was found that relative susceptibility

which is a dominant trait and relative resistance are




- linked to the H-2 locus (McDevitt and Bodmer 1972 and
Oldstone, 197%), In vitro and In vivo studies with LCM
virus demonstrate that H="  ompatability at either the
H-2 K or H=2 D locus between the target cell and the
cytotoxic effector T-cell iz requiredfor maximsl specific
T—-cell mediated lysis of LOM virus infected target cells
{Doherty and Zinkernagel, 1975}, While in other studies
identity in cither ¥ or D locus alone is not sufficient
for full lysis to occur (Forman, 197%), 1lack of identity
between the effector cells and farget cells at the K & B
locus makes lysis impossible (Sohmitt~Verhust énd Shearer,
1975 and Marker and gnderson, 1576). Genetic influence
en the i1mmune response to LM virus infection affect the
outcome orf the infeection. Micer vith vigorous immune
responsce arce morce likely to die as 2 rosult of immune
mediated pathological changes (Medevitt ot al., 1974),
Other studies have however indicased no association
between H-2 gene complex and susceptibility to acutbe

LCH virus disease in mice (Meustadt et al., 1978).

This work will try to find ous if there is an
associantion between the major higtocompatability -nd
susceptibility to lethal pichinde virus infection in

different inbred strains of mice.
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REVIEY OR PICHINDE ViRUS

1.2.,0,: Higbtorical backsround:

Pichinde virus belongs to bthe tacaribe complex of
.arenavirus taxonomic group. The virus was first isoclated
in 1965 from pooled liver, spleen and kidney tissues
obtained from a rodent Qryzomys albisularis which was
trapped in a forest in the Pichinde Valley of Colonmbila,
South america (Trapido and San Martin, 1971). Some virus
isolates from ectoparasites collected from viremic hosts
have alsc been reporbted (Berge, 1975). 4 serological
relationship among membsrs of the arenavirus group was
first observed in 1963 (Mettler, Casa® and Shope, 1963)
~and similarities in morphology and morphogenesis among
the arenaviruses were noted in 1969 and these similarities
were the basis for grouping pichinde virus into Arenavirus

taron (Murphy, 1969 and Rowe et al., 1970).

1220100 Blechenical and Tiovkusissd Tronerties of Fighindo
Virug:
Through the use of various drugs that inhibit nuclelc

acid synthesis in infected cell cultures, it has been
shown that pichinde virus contains RWL genome as virus
replication is not affectecd by DNA inhibitors such as
eytosine arabinoside and 5-iedodeoxyuridine (5 TUdR) «
The virus is enveloped with genetic information encoded
in two segments of negative stranded RNa. _

The larger segment (IRN4; molecular weight, 2.9x106)
encodes a polypeptide with a molecular weight in eXcesp

of 200,000, wherecas the smaller segment (S.RNi; molecular
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. weight 1.2X1O6) encodes the viral nucleoprotein =nd alse

a precursor of the glycoproteins which become incorporated

_ into virious (Ramsioih gt al., 19€0, Vezze ok.gl,., 1980,

« Iz et 2le, 1981, Heamdeoh ok 21., 198fa. 19816, . Recent
£indings have shown that the replication of Pichinde virus
in BHK cells is tightly controlled snd that the control -
is reflected ot the levels of virus release, polypeptide
gsynthesis, gnd accumulation of genomic Rilds; furthermore
that this regulntion is independent of host cell growth
and does not require the production of defective

interfering viruz (Dimock, et al., 1982).

Bariier wevorts indicated that the negative stranded
RIA of Pichinde virus contained five RNA species with
sedimentation coefficients of 313, 285, 228, 188 and
4~63 (garter, Biswal and Rawls, 1973, and @arter et al,
1973). It was then suggested that the 318 and 228 RN4s
were virus gpecific while the other RNA species were of
host ribosomal origin (Carter, Biswal and Rawls, 1974;

Farber and Rowls, 1975 and Leung, Ghosh and Rawls, 1977).

124243 Stabilisy of Piehinde Virus:

Pichinde virus was found to be relatively thermosi-
able as over 50% of the infectivity was recovered after
5 days at 49C, 8 hours =t 25°C =nd 2 hours at 37°C., Virus
infectivity was lost at 56°C (Mifune Carter and Rawls,

C1971).
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Becnuge of the presence of 1lipid envelope, lipid
solvents such as cthyl ether inaetivates the virus.
The buoyant density of pichinde virus in sucrose gradient
was Tound to be 1.18gm/cm? while the density in cacsium
chloride was 1.19-1.20gm/em>, The virus is stable in

both sucrose and caesium chloride gradients,

1.2.3. richinde Virus rroteins:

Analysis of virsl proteins by electrophoresis in
polyacrylamide gel has revealed that pichinde virug has
Isur gstructural polypeptides coded for by the virus and
incorperated in the virion (Rames, Courtney and Rawls,
1972 and Vesza et al., 1977). Two of the polypeptides

ore glycopeptides with molecular weights of approximately

72,000 and 34,000 daltons. The glycopeptide and pely-—

peptide each with molecular weights of 72,000 daltons are
found to be agsociated with the viral nucleic acid and
functioning as nucleoproteing while the glycopeptide
with molecular weight 34,000 dnaltons iz an envelope
congtituent of the virus. The funection of the 12,000

dalton polypeptide hos not been detgrmined.

1.2.4. !nbtirenic Iroperties of richinde Virus:

Studies have demonstrated the existence of goluble
heat stable complement fixing antigen which is part of
the internal compenent asgociated with the viral
ribouucleic acid (Buchmeier, Gee and Rawls, 1977). In

addition to the gomplement fixing antigens *here are zlso
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other distinct structural aznd non structural antigens
with different localization in the virion., Complement
fixing and neutralizing antibodies and those detected by

- fluorescent antibody technique appear to be independent
(Hotchin, 1971; Trapidc ond San Martin, 1971). Fluorescant
antibodies appear earliest (ag early as o ﬁeek after
infection) while complement fixing antibadies appear about
three weeks after infection and neutralizing antibodies

not before five weeks after infection,

It is very simple to prepare potent complement fiiing
ontigers in mice for pichinde virus with titres in the
range betwesn 1:128 and 1:512 but these gsern have litile
neutralizing capacity when tested by the mouse neutrali-
zation test against pichinde virus (Trapido and San
Martin, 1971). | .

antigenic relationships among arcnaviruses have
been mainly detected by complement fixation test bgecause
of its eimplicity and relative low hazard to personnel
but recently indirect immunofluorescence is being used
because it is more specific, sensitive, and less time
consuming then the complement fixntion test (Wulff and

Tange, 19753 Wulff, Lsnge and Yebb, 1978).

1,2.5., ZIathorenesis ol Irnunity to jichinde Virus:

While lymphocytic choriomeningitis virus infeetion

of aduwlt mice has been shown to be a alassical example
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of virug induced immunopathological disease, observations

.. with pichinde virus have shown that infection of adult

mice generally leads to solid immunity while infection
of suckling mice results in acute lethal dicecse (Cole
et al,, 1971; Cole and Nathangson, 1973; Buchmeier and
Ravls, 1977; and Murphy, Buchmeier and Rawls, 1977).

“ ! ghudies with pichinde virus have indicated thot

: iﬁtr&corebrnl infection of suekling nice resulited in
acute centrol nervous system dissase with cerebellar

atoxia, paralysis, gonvulsion and desth. There was

4 nothing to indicate that lesions and denth were immuno—~

‘ pathological or oallergic phenomena as was the case with
nilce infected with Lymphocytic choriomeningitis virus,
Clinical and pathological observations suggested direct

~ oytopathogenic effect by the virug (Buchmeier znd Rewls,
1977)., Wurphy, Buchmeier and Rawls, (1977) lLave showm

~ that the spleen and liver were the major targets destroyed
after acute pichinde virus infection, There was exitencive
and progressive necroszis in thoase organs which contributed
to the fatai outcome, However, these authors did not

find mononuclear inflammatory cell infiltrations charac—

: teristic of mos® necrotizing viral infections, Sc they

suggested direct viral invelvement in the pathogenicity,

C1.2000 Innune Repvonge t9 ;i&hinﬂb Vvirus Infection:

Invasion of a host by virus usuadly activates the
 immuno system so that antiviral antibodies are formed and

o, anti viral effector T-lymphocytes develnp and these
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immme respongesin most cases lead Yo recovery of the
hoat from the virzl infection., TPichinde virus infoetion
of adult mice has been found to ixduce high levels of
humoral antibodies (Mifune ¢t nl,, 1971; Trapide and fan
Martin, 19713 Lewis el al., 1975 md Hotchin and Kinch,
1975). iowever, recent studies by Buchmeier 2nd Rawls
(1977); ¥Wurphy, Puchmeier and Rewls (1977) have indicated
that certain adult inbred hamster gtraine were susceptitle
to lethal pichinde virus infectia.,

Csll medicted immune respons? to pichinde virus
vas recently noted in certain hameter strains. Chan,
Clark mnd Pawls (1983) ueing footpad swelling as an
indicator of pell mediated imounily in vive, have
reported thot LS and LVG straing of honusters developed
footpad swelling when pichinde vimns was given in the
feotpad while nnother hanster strain (MHA) failed to
develop this Foot pad swelling res.onse beczuse of the
presence of spceific suppressor celis. They have also
rnowvn that the vipua replicated equally well in the
footpad of hoth ML and LSH hamstersmd the complement
fixing antibody titres to the virus pmduced by both
strains were comparable, which indicaled that the virus
was a gufficient immunogen and that rerognition of the
virus antigens had occured, Turther siudies revenled
that treatment of the ML Bmators with eyclopbhosphomide
restored the footpad swelling which praved the presence

of suppressor cclls in the MEL hamstersslreins.,
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idoptive transfer studies indicuted@ that lymphoid cells
but no* immune scra fron foot pad inoculated MHA hamsters
were capable of suppressing fool pad swelling in LSH
recepientas. The suppressor cells were gpecific for
pichinde virus as suppression of swelling was not observed
in recepionts of MHA - sensitized czlls that were injected

with vesicular stonatitis virus in % ¢ foot pad.

1,27, Trensmission of Pichinde Virus:
Certain memberz of the nrenavirua group represent

zoonotic hazardc to humans 2s has been shown with
Lvmphocytic choriomeningitis virus, (Rivers =-nd Scott,
1936; Smadel 1942; Baum ct al,, 4966 ond Gregs,
1975). DFBpidemiological studies also showed the hazardous
nature of Junin und Machupo viruses (Jolmson et al., 1965;
Kuns, 1965; Johnson, Webb and Justines, ‘973). Iaszsa
virus has also been reported endemic in jarts of West
ifrica (Monath et al,, 19743 Fabiyi and omori, 19753
Wulff, Fabiyi and Monath, 1975) and lassa virus produges
illness in humans with high mortality rate (Duckley and
Casals, 1970; Frame et al., 1970; Leifer et al., 1970

and White, 1970). Pichinde virus persistantly infecdts
Oryzomys albigularis which is the only lLnown true carrier
of pichinde virus, Pichinde virus has not heen sham to
enuge luman disease (Johnson, Webband Justines, 1977).
dthough serologienl studies revealed evidence of
pichinde virus infection somong liboratory workers handling
the virus, no distinet illness could be associated with
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the virus infection (Buchmeior, sdam and Rawls, 1974)

and the virus does not appear to be highly contagious,
Studies of mice persistently infected with Pichinde

virug revealed thut the mechanism of transmission apnearcd
to be the upper respiratory tract., The possibility of
transmisgion through slrin abrasions has also been

sugrzeated (Buchmeier, fAdam and Rawls, 1974)._ |

Pichinde virus is chosen for this atudy because it
is relatively safe to handle and does Lot need strict
containment as that of lassa viruas =nd no recognizable
illness due to pichinde virus infegtion hes so far been
reported in humans, In addition a lot has been known on
its blochemical and biophysical properties and moreover
hichly purified infectious virus can be obtained with
relative ease while similar purification procedures yith
LM virus yielde only small puart of the original
infectivity.

In ~ddition pichinde virus study will help in future
investigntions on lassn feover virus infeetion in lower

animals ond m2n wnd the possibility of inducing of hoterologus

protection agninst lasss fever virug on hish-risk population
groups initinted by infection with pichinde virus which is

not pathogenic for nman.
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MALBRI TS oND METHODS

2.1 .00 Maforinloe

2.1.0. Viruses: Pichinde virus strain CO.N 3739 was

received as freeze dried ampoules from
Professor Jorul Cesals of arbo-virus
Reaearch Loboratory, Yele University,

U.8.4. Lymphouytic choriomeningitis

virus strain VB triple plague purified
and propagated in ILe-cells was rocedived
a8 frozen ampoales packed in ice from

Dr, Fritz Lehnenn-Grube, Instituwte of

Experimentzl Virclogy and Iamunology,

University of Hamburg, W. Germany.

Tacaribe virus strenin TRIIST?: Sealed

glass ampoulzs obtained from Dr, G. L.
Cole, Johns Forwins University, School

of lMedicine, 'N,S.A.

2,142, Ccll lines: Vero cell line: n atable hfricanlgreen
monkey kidney ccll line was obtained
from National Ve:jﬁinary Research
Ingtitute, Vom, Nigerin, _ L

S 1929 colls: & fibro-blast cell line

. iderived from C3H mice.Was obtained from
Medical Microbiology Department London
Schicel of-Hyrmiens and Troplcal Medicine,
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Lerdon UK. BHE--21 cells: Babyhamster
kidney cell linc obtained as above,
Sarcomn 1830 ¢ells was also obtoined as

in the case of L9929 cells,

2.1.3, Hice: (n) White Swiss albino micelwerelobthined

Trom I'ational Veterinary Research
Institute, Vom, Wigeria, o

(b) BalbC and CBA Inbred straing hice'were
obtained from the Nigerian Institute for
Trypanogomiasis Rescarch, Vem, 4J.X and
3WR/F Inbred strains mice w.re obtained
fron Medieal Microbiology Dept., London

seheol of Hygiene, Tondon, U,X.

Guniea pigs and Rehbilts were purehnged fron National
Veterinary Regearch Ingtitute, Vome. The rice were fed
with commereial mcuse cubes obtzined Jrom PFizer pompany
and were given wa*or without reetrictisns. Guinea pigs
ond rabhits were given commercinl roblit pellets which
wera nlso obtainéaig%izer and were suptlied with veget-
ables occasionally. Mice were bred_by'hrothernsister

mating in separate cages,

2,1.4, Sera: fntitheta serum:; Lot83>0101 from
Bionetics Laboratory rroducts Kensington,
Maryland, U.3.4. |
Foetnl calf serum: f£low laboratories, ﬁ.K.

gomplement {guinea pig Welpome reagonts



2.1.5. Lsotopes:

- 2.1.6. Reagents:
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Ltq., Beckenhnm, Kente. B

ntimouse Immunoglobul:i_ns | Fordie
Leboratories, U. X.

Fluecrescein conjusgated antimouse garmae
globuling., Nordic Iaboratories,

Jnti Clq: wae purchased from Velcome, Co.
Welcome reagontsg, Deckenham, England
inti C~3 /nti 1gG, 1gA, 1gll purchaged
from Behring Diagnostics, UK,

510:[-. sodium solt lmei ) Radiochemical
1.25 _ centre,
'“?t.sodium iocdate, imei)  Amersham,
(1) Ficoll-paque sclution sterile

100m>, sclutions

(2} denethyl Dmannoside

" (3) (Iipopolysahharide & Concanavalin 4)

L1l rere purchased from FPharmacia

Tine Chemicals, Upsalla, Sweden,

Teulzepnek Nylon fibers) wwire purchosed
from Travenol

e290¢ - } Iaboratories
Glass wool c2401 ; Thetford, U.K.
Moglesy medium '

Medium 199 Flow Laboratorics,
Glutamine 7. K.

RIMT 1640
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Carbonyl iron powder Koch-light
Corboxymethyl cellulose .
¢yelophosphamide Leboratories
Fluoresccin isothiocynate ) Ltd., Colnbroolk,
powdar ) IEngland,

2.1.7. Plates & Mubes:

Microtitre plates (M29.RT) CGibco-Biocult,

T X,
Microtitre tissue culture plates)
- Linbro
Linbro disposable tissue cultu’°;3cicntific,
Tlates model Fb16-24 Tc Hemden
Conncc%icut,
multidish U.5. 4.

Faleon 2005 tubes )
Beckiton-Dickinson,

Falcon 3040 plates ) UK.

Falcon 3041 lids )

2+148. Qther rezconts:

Yeronal complement buffer: Oxoid Ltd., U.ll.
Te~vpein frecze dried powder: Welcone reagent
Lti,
Tizzue Tek OCT c¢njpound; Raymond Lanmb,
Lo.don, ™mgland.

The followins media were routinely used in this aztudy.

2.1.9. Medium for viruz growth:

Sterile distilled water 80ml
5X strangth Dulbecco Jagle's medium 20ml

4.4% NaliCos 5ml
Fetal eal}f gerum (inactivated) 2nl
Tryptose phospante broth 10md

Peniecillin and Ste2ptomycin scl, 0.2m ..
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2.2,0, Medium for virus plague assay (overlay medium)

10X strength medium 199 10ml
Sterile distilled water 40ml
4.4% Na HCOz 5ml
Fetal calf serum (inactivated) 2ml
Penicillin and Streptomycin 0.2ml,

2,2.,1. Agar overlay:

1.5% noble agar was prepared and dispensed in 50ml
raounts and sterilized by autoclaving. Before use, the
acer was melted and kept at 45°C water bath., Just before
use equal volumes of melted agar was mixed with overlay
medivu,.

Stock solution of neutral red was prepared 1:100 when
using ia overlay dilute stock solution 1:10,000 i,e 1ml

stock solution to 100ml overlay.

2.2.2. "ryptose phosphate broth pE 7.3:

Trrtose phosphate broth (Bacto) 29.5an.
demi. '‘ralized water 100ml

autoc aved at 121°C for 15 minutes.,

2.2.3. Stoct balanced salt solution BBS):

Soluticn A

fnhydrov3 d-glucose 18
Caleium chloride (Caclp2Hp0) 0.0074en .
Megnesium cliloride (Mgel,6H50) 0.1992gy
Potasaium chloride (Kcl) 0,4026gz

Tris 17.565gn. .
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The above were dissolved in approximately 950ml
¢istilled water and INHcl was added until pH 1s 7.6
LaTore meking the volume to one litre.

Sclution B

2, 14MNaCL B.19gn, . per litre,
To pregpare éhe complete BS3, one volume of solution 4
was mixed with nine volumes of solution B. This solution

was preparad fresh each week it was requircd.

2.2.4. Glycini-Hel buffer pH 3.0:
Solution [: glyoine 2M 150.14&-/1.
Solution B: Hel IIT
222nl solutic: i wos mixed with 100ml solution B
and the pH wan ~reclked %95 gnsur< thet »¥ 3 valus was

maintained.

2.2.9¢ 10% noutrrl buffercd frrmalin (fixative):
Sodic- alhydrogen phosph te 1\'1H2P042H.26 6,50 I
Sodium nonchydrogen phospr-ie W »HPO,2Hpd  8.15. 1.
Formeldehyde 40% $100mlL
Demineralized water 900m1.



e 2,2.6. ;hoaphate buffered saline (PB3):

Sodium Chloride (Nacl) Sem.
Petaszium monohydrsgen phosphate K2HPO4 1.21¢gnm,
Potasiium gihydrogen phosphate KipP0yg O0.34¢m .
Demine ralized water IR 1,000mL

The so.ution was autoclaved at 121°¢ for 15 minutes

and dis -ensedin bottles and kept at 4°C.

2.2.7» Verons, bhuffer stock solutioffifjﬁm

Sodium ckloride S 85m.
5,5, diet .yl barbituric acid Tﬁ"f b, b 5.
Sodium 5,5, Aiethyl barbiturate . . FeT . n

Barhituric acid w 8 dissolved in 500ml hot demineral” :~d
wotler and sodiwi barbiturate wng added smd the mixtur-:
was “rought up “o Z500ml with ! ewinn~ Jizged water. Then
1.68_¢ 1 magnesivt ¢bhloride (MgclgHéO) and 0.28¢nm .
calciui chloride w re added an: this was autocloved ¢
12190 £ 15 minu 2¢ and storel at 4”0, When reguir .
the stock solution wrw diluted one in iive with demin -

alized waizr.

2.2 8. /" revors golvat " _
Trisodiun citra = L  _ R 8{,”
D-glucoae _ | a _. j" .; 19 m.,
8odiun chlorido o o .A  .. 4-2¢ om,
Denineralized witer _ ': L - - 100 ml .

dutoclaved at 1219C for 10 minubes and ghored nt 4°¢.

. e
R 2 T
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2248, puffers for Clg Isolntion ond Testing,
2.2.0. Solutiong for Clg Igolation:

1. Starting golution; 0,IMEDTA in distilled water i.e.
74,448, . EDTA/2 litre HoO.

2. Jolution A 0.IMEDTA pH 7.8
1.0 add 2opprox. 231 IN NaoH to
250nl starting solution until pH 7.5.

3. Jolution B 0.005MEDTA pH T.5
i.0 1:20 dilution of solution

120l of A4 380nl distilled water,

4+ Salution EDTA buffer pH 7,5 (epprox. 50nl
gsolution 4 and *T0ml H20 or add H0
to solution A urtil RSC of 0,04M Nocl.

5 Solution D EDTA buffer pH 5 i.e & ftnl TOW NnoH
ndded to 1 litre storting solution
#ives EDTA pHS5. TFor buffer pHS add
approxinately 74Cnl Ho0 to 1500ml
EDTA pHS or nore exactly add water
until RSC of 0,078M Eacl.

6. Sclution E Nael O,75M-EDTA 0,01M pH 5.

i.e I1:10 gilution of solution D
before adding water to the solution D
end then add 2,19;a1 Nacl per 50nl
of the solution,

Te Solution F Nacl 0.3M-EDTA. C+" M DE.F.5 (iec.
1:10 dilution of solution 4 and then
add 0.88;11 Naecl/50nl.

Use sodiun EDT4 (NapH, EDTA molecular weight 372.24).
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2.3.0. Solutions for Clg bindinz tcst:

2.3,2. Polyethylene glycol (PEG) solution (3%)
PEG M. W. 6000

PRG B, )
borate buffer ) J5G was dissolved jin
1001, ) borate buffoer,

keep at 4°C refrigerator.

2.343. Borate buffer O.AM pH 8.3 keep at 4°G.,

Boric acid 12.366rm,.
Jodiun tetraborate 19.070m
Sodiurt chloride | 8,766/
Distilled water : 2 litres. .

2.3.5. Veronael Buffered Saline VBS. keep at 4°¢,

Jodiun cholride 8D
Magnesium chlorido 0.168m/n
Cnlcium chloride 0.028: 3
Barbituric acid . 0.575:m
Sodium barbitone _ 0.2004:,
Distilled water 1 1itre pH 7.2.

2.3.5, Ethylene dinnine totra ncetic_acid (EDTA) buffer:

NaoHy EDTA 0.2M pH 7.2
add 0.3% Tween 20.
For mouse sera 0.7M EDT4A containing 0.4%

Tween 20 was uscd.
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25'&ngﬂil%?ﬁME&:

1. Make up 5nl of 20mg/ml solutien 16 in diebtilled water
2, Add an equal volurme of 0.2M NaoH and nix. ) :

.Jtﬁo bialyse against TES pH7.4 at room temperature for two

. hours, change PBES and continue dialysis overnight.

4, Solution should be aggrepatel hy norning (nilky)

5, Store at 49¢ for up to two nonths, -

Mlcaline aggregated 1sgG is used in the following dilutions:
2,508/, 0.625n05/ /1, O,16ng/ol, 0,C4ngs/ml with all B

ddlutions bein;; perforned in NHs. -

2340, Michaelis Buifer pil 8.2:

v podiun diebthyl barbiturste | ' 80,28z .

Jodiun acetate ‘ 52,981
BDTA (0.0005M ) P 9.718n0
Hel 0,11 S 750m1
s6ditn nzide B : _ . 25&n
Dissolve in 4,5 litres of distilled water L T

Dilute 1:2 Por preporing agar.
15680 agar in 100ml of Wuffaer,
Thig buffer is used in irmmunoelectrophoreals to
check the purify of isclated {lg nszinge anti Jlg ond

standard normal himen serun and ~uti whole serua.

2.7%, 8. ) Mebhods Used in ¥this Study

2.%3.9. Freparation of Virus Stock:

- The working stock of each virus strain Was.prépared
< by inccuwlating 1O5LD5O of the virus intrucerebrally to
- groups of $00 smoklving swiss albino mice when they were

about 18 hours. MThe litters were returned to their

-



nothers and obaerved daily for clinicnl symptmns; ’

Pool tzuins from moribund aninals were ground in
mortar and made into 204 suspension in phosphate huffered
saline (IB3) containing 19 bovine albumin, The suspen—_ '
sions were clarified hy centrifugation at 2,500rpm for
30 minutes and the supernatant containing virus was
dispensod in aliquots of 0:5ml each and stored ot — 70%C
until used. In addition clone purified pichinde virus
with infeetivity titre of about 4x107PFU/ml vas
inoculated into BHK~21 cells at multiplicity of infection
of 8,001, '"he virus—~cont&ining sapernatont fluids were
harvested at intervals of 3, 4 and 5 days post infection.
The flulds were individually titrated using plasue |

agsay method az described elgewhere in this study.

244 Do Propsrotion of anti Pilchinde Immune ageitic Fluids

Fix Adult Swisz Albino mice were lnoculated with
1O5PFU of the pichinde virus intraperlitonexlly (0.2mi).
After geven days a second inocwlun was given., After
21 days 0,2ml of the virus wasg inoculnted and in addition
0.2n1 Sarcoma 180 cells were inoculated .X.T, "
it day 23, aznother virus inoculum was given (0.2ml)

At day 25, a further virus inocwlwa was given (0,2ml)
Finally at day 27, O.Zal virus wag given again,

The mice were left until they developed ascites in about
{4-6 weeks).. The asciitic fluids were removed and stored
overnight ot 4%C and then contrifuged to clarify the fluid.

The fluid dispensed in lml omounts and stored at ~20%C wntil
tested,
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244414 Preparation of anti pichinde antibody in rabbits

Ll
L]

Antigera were prepared in rabbits by weekly intra-
dermal injections of lml virus sugpension emulsified in
équal amounts of incomplete Preund's adjuvant over a
period of three months and serum collected eight days

after the last injection.

2e4.2. Bxtraction of complement Lixing antigen Irom

inferted cell linesa:

Monolayers of BHE-21 or vero cells infected with
Pichinde virus at multiplicity of infection of 0,001 were
used, The procedure of Buchmeier et al,, (1977) was
followed, After 5 days post infection, the infected cells
were frozen and thawed twice to lyse the cells.” The cells
were then.éanicated for one minuté three timees at mawirwm
power with conling on ice hetween cyeles, The senically
treated lysutes were then centrifuged at 11,000 rpm for
30 minutes and the nellets discérded. The supernatant
- meterial was centrifuged at 35,800 rpm for (me hour and the
vellet qisecarded. The material remaining in the superna-—
tant containing the goluble saxmplement fixing antigen was

uged, : - . L o : ' R

2.4.3Q Complement fixing antisen from organs of infected

mice:
The soluble complement fixing sgnitigen Irom livers,
Kidneys, Spleens of infected mice was extracted by
sucrose-acetone extraction procedure (Gresikova and

mosals, 1963 and adapted by Larsen, 1973). The organs
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were ageptically removed Trom the mice weighed and _
honogenized with 4 volumes of 8.5% sucrose golution, The
honogenate was added with continuous stirring to 20 volunes
of told acetone, . ifter a few minutes agitation, it was
centrifvged at 1,500z for 5 minutes and gupernatant

disearded,

The pellet resuspended in 20 times the volume of
the scetone, sPirred and incubated in ice bath for one
hour. The mixture was centrifuged, the gupernatant
discarded and the sediment extracted a swvecond time with
acetone. LAfter the final centrifugation, the acetone was
removed by evaporation for 5 hours in ice bath. The
dried powder was incubated overnight with 0,4x its volume
of saline made from double distilled water, The mixture
was centrifugzed at 10,000rpm for one hour und the super—

natant which was used as the antigen wao stored at =700,

Zoftele Viwyus titration in mice:

| Stock virus titrations were conducted in mice.
Serial ten fold dilutions of the virus or serum to be
tested for infectivity wors ihoculated intracerebrally
to suckling swigs albino mice using 0.,03m1 inoculum per
mouse and at least eight mice per dilution. The LDSO ”

wag caleulated by Reed Myench methed (1938).

2.4.5. Complement rixation test:

The adapted micro complement fixation teot (Casey,

1965) was used to determine C,F, titres of hyperimmune
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serum obtained from rabbits or gscitic fluid of immunized
nice znd serun titreogs in mice at various intervals after
infection with pichinde vimms., In this method each scrum
vas inactivated at 56°C for 30 minutesz «nd serially diluted.
with veronal complement buffer in micre titer wells using
spiral loops adjusted tc deliver 0,025ml. A4n equal volume
of pichinde virus antigen prepured either from suckling
nouse brain cor vero cells znd extracticd using sucrose-
acetone extraction procedure (or highspecd centrifugation)
and diluted 1:45 was added, A standardized dilution.e?
guinea pig complement (1:40) was added and the plates were
incubated overnight at 4°C., Sensitized sheep red blood
cells (0.025nl) were added to each well and the plates
thoroughly mixed and incubated at 37°% for 30 minutes and
Plates removed into a refrigerator for 7 hours until cells

sextled, The results were read visunlly.

2.4.6. Plague assoy:

4l% gamples were cssayed for virus content in vere
cells using twe plague assay methods: = micro - plaque -
formming technique where virus dilutivns were mixed with
appreximately 51‘105 cell suspensions/wl and portioné
were.diatribuxei inte wells of nicrotitre plates, and
ineubated ot 37%C in 002 inctbator for 60 minutes, then
cultures were overleid with ogar in medium 199 eontainring
inaetivated fetal bovine serum plus antipioties. The
cells were incubated Ter 5 days at 37055%02 incubator and
then a second overlay containing 0.01% neutral red was
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added and incubated overnl zht to allow the plaques to

develgp,

“In the gecond method the plaques'were formed.under
carboxymethyl celiulose (CMC) as an overlay. Here 0,05ml
of the virus dilutions or virus in sera, or virus in organs
were inoculated into confluent vero cell monolayers in
multi well dishes, & fter 60 minutes adsorption mt 37°C in
0, incubator the cultures were overlaid with medium 199
- emtaining final concentrntion of 0,7% cavboxymethyl
_cellulose. The plates were incuboted for six doys and
the overlay drained. 7The plates were stained with 0.005%

crystal violet solution in saline containing 10% formalin
end the 1*Z].a.ques counted, Tho nicrotiter plates were mootly

wowd hecause of cotivenience and ceonany. e

2:&:Ps Preporotion of sntithymocyte geruwm:

(4coording "to “the methwed:ef Levey and Medawsr 1966)
Thymus cells from CRBL mice about 4 weeks old were
B fémoved and suspended in Eagles modium conbtaining
antibiotice and abput.1x108 ce}lslwere injected intréper-
itoneally into number of rabbits each rabblt welghing
approximately 2,5kg. A booster dose of cells was given
two weeks later and the rabbits were bled a week later,
and the sera seprrated in readiness for inagtivation,
abgorption and storage. The sera were inactivated at
56°C for %0 minutes and absorbed on mousec erythrocytes

of packed ,

in a ratio of fourvpluma serun to one voi une/dryTarocyiys.

The gera were stored at mEOOG for further investigation.
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2.4.8. Fractionation of lymphocytes by Nylon ¥ool Colunn,
2.4.9, Preparation of nylon Wool Glumn (Julius et al, 1973):

Sterile nylen woel (obtained from Fenwal laboratories
Trevanocl, Thetford, Bnglend) was presoaked in a beaker
containing normal saline for two hours at 37°C. Then
transfered in a bealker containinz double distilled water
and washed at 37°C with three chznges of distilled vzter
over a period of one week, The nylon wool was spread

out and dried in a 3706 incubator for two days,

About 0,5%gm of the dried nylon wool was packed each
into barrel of 10ml plastic syringe and the packed syringe
barrels replaced in the syringe covers and autoclaved.,
iLter autoclaving the sterile nylon columns were ringed
with about 22ml Dulbecces phosphate buffered seline (TBE)
containing 5% heat inactivated fetal calf serum. The
columns were drained of excess medium and then replaced
in the sterile syringe covers, the lids sealed with masking
tape to prevent evaporat;on and placed in =2 37%¢ incubator
for one hour before loading the cells.

2.7.0. Loading and separation of oells:

Sbleens were dissociated with mouse tooth forceps
in 60x15mm plestic petridishes. Larze aggreszates and
connective tissue clumps were removed by settling in a
test tube for 3~5 minutes, Mpnonuclear cells.were than
filtered through glass wool %o remove dead cells nnd
mocrophages. A total of about 12107 = 1x10° cells/2ml

were loaded on to the vertical golumn and washed into
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the nylon wool with Iml warm dulbecco FBS ooﬁtaining sexum.,
The celumns were r»eplaged in the sterile syringe covers
and lids woscaled énd left for 40 minutes ol 3700. The
columng were then woighed slowly with warm (3700) mediun’
and the first 25ml effluent was collectsd into conical
centrifuge tubes and the cells pelicted For 10 minutes
at 470. Viable cells excluaing trypan dlue siain were

counted in o hemocytometer,

2.5.1. Lymphoid cell prevaration uging commercial ficoll-

pague:
Peripheral biced cells and spleen lymphoid cells were

- also purified using ficollpague gradient centrifugation as
Aescribed in the manufacturers. instruction manual
(Tharmaciz). Heparinized hl,od {(2ml) was nixed with equéi
voluaes af"_bé.lanced sal‘t‘.sul.ution in o si¥Bonized test
tube. To each centrifuge tube %ml of ficollpoque was odded
and the diluted blood was carefully layered on the

" ficollipaque hut avoiding tha mnixing of blood and ricell-

- bPague, The tubes were centrifuged at 400xz for 40 minutes
2% room temperature. The uprer layer was aspir yted off
leaving the lymphoeyte Llayer ot the interface. Using a

clean sterile pasteur pipette the lymphoecyte layer was o
transfered to a clean centrifuge tube making sure te 3
remove most of the interface bub laesving n mxnlmum rmount
of ficollpngue and supern-:t-nt as rﬂmoving exceas flcoll-
pagque couses gynnulocyte contanination while reneving excess

gupernatant resull in unmecegsary epnhbamination by plasmo
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'? preieins.  To the lymphoeyte in the centrifuge tube threc

. wolumes of balrnced galt sclubion was odded ond the eells

were suspended gently using pasteur pipette nd centrifuged
at 100xzg for 10 minutes at room temperature. The super-
natont was removed with the aid of pamteur pipette@and the
- lymphoryte sedimett resuspended in 6éml of balanced salt
&.solution, »nd centrifuged again, The supernatont removed

md cells resuspended in buffer for use,

2.5.2. Macrophnze depletion:

Mncrophnges were depleted Trom the mononuclear.cella
obtained using Ficoll-paque or Nylon wool column by
incubating the mononuclear cells preparations at o concen-—
tration of 50x106 cells per 4ish in 100x200mm plastic
youridishes for 2 hours, The dishes weve occassionally
robatad., The non adherent cells were aspirated by
vigourously washing the plates. The phagocytic properties
of the adherent cells were tested by adding various
concentrations o carbonyliron prepaved in Bagles MEM and
incubating for 60 minutes at 37°C in CO2 incubafor. The
plates were then washed 3 times snd incubgted for one hour
witn medium slone, Macrophages were identified by their
adherence property to plastic dishes and phamoeytosis of

carbon particles.

2.5.%, T-cell depletion:

Mononuclear cells from Ficoll-paque preperations were

in~ubated for 30 minutes st 400 in MM containing 1:50
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dilution of snti ® serun. The cells vore centrifuged -nd
resuspended in MIM containiig 1:10 dilution of guinea pig
complement and incubated at 37°C for 30 minutes, These
were centrifuged snd resuspended in MM and the number
of wiable cella per ml was determined using trypan blue
dye. The cells were tested for invitro response to

ConA and LFS,

2.b.4. B-cell depletion:

Inmunogzlobulin bearing cells were gelectively removed
from the cell suspensions by incubating on Nylon wool
column (Julius €t al., 1973). The efficiency of depletion
vas monitored by indirect immuncfluorescence staining

using fluorescein conjugated anti mouse immunogiocbulin.

2.9.9. Cytotoxiciy assay (Medification of the method of
Brunner et 2l., 1968, 3Steele
et al., 1973)

Semi confluent nmonolzyers of 1929 cells were infected

with pichinde virus at 105 Fu per 106 cells. After 48
hovrs incubation at 37°C the cella were trypsinized aznd
labelled with chromium -%% (50 uci/106 celis specific
activity 200-400uci/ug of chromium and incubmted for 1
hour. The cells were thoroughly washed tgree tines with
serun free medium 199 and adjusted to 1‘5.cella/ml. The
cells were then dispensed in 0,1ml into plastic tiasue
culture tubes and incubated at 37°C for 3 hours to 2llow
cells to attach. Then immune spleen cells fractionated

by Nylon vool. gokumns or Ficoll-paque method were added
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at a cencentration of 5x105 spleen cells per O,1ml, This
gave approximately 50 spleen cells per tarset cell ratio
which was optimum as shown in the preliminary experiments
of varying spleen cell to target ratio. A similar
procedure was Ay followed for the control which
had normal fractionated spleen cells added to labelled

target L cells.

The tubes were incubated at 37°C. for 16 hours and
then centrifuged at 1500rpm for 5 minutes. One hundred
micro-litre portions were taken from each tube znd placed
into Lueixun LPJ tubes 2nd counted in a zamma counter.
Maxinun chromiun-51 released was detemmined by freeze
thaving labelled torzet cells three times, Spontaneous
51Cr released was obtained by measuring radio activity in
virns infected Cr - 51 labelled tarset cello to which no

immune cells were added.

% cytotoxicity was calculsted as followsg:-

P
© cytotoxicity = 21 released in the - ', o oo
prasence of immune the presence of
cells. normal cells
%100
Total 51Cr. incorpe- - 51Cr. released in
retad from Freeze the presence of
thowing norniil cells.

2.9.6. Bffect of Immung spleen cells on the course of
Fichinde virus Infection:

Barly immune spleen cells were obtained from mice at

8-9 days post infection when maximum cytotoxicity was
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demenstrated by in vitro cybotoxicity assay and also late
immune spleen cells were taken from mice after 30 days of
infection when cytotoxicity was negligible by in vitro
nethods,

The spleens (from three mice) were processed
geparately by Nylon wool column andé the eluted T-cells .

were injected intraperitoneslly (107

cells) into
previously infected or infected impuno-suppressed OBA
mice (12-20 mice)y The controls wers infected or infected
immuno suppregsed mice given normmal spleen cells from

winfesveu syngeneic nice. The mice were obgerved for .

elinical oympboms an? denth and records were lept.

2.8.9. Antihody mediated cvlotoxicity:

To fiﬁd out if pichinde virus specific antibody can
madiate cytotoxicity as reported by Oldstone et al. (1971)
in LOM virus syastem, target 1929 were infected with the
virus and labelled with Cr-51 asz described in cell mediated
cybotoxicity assay, Fifty microlitres containing 5x105
labelled celis were added to each glass tubs, 25ulitre-
antiserwas er plasma t0 be tested was added to each tube
and ineubated for 15 minutes., Twenty five microlitres of
guinea pig complement was added and incubzted for 14 hours
at room temperature afte: which ml ice cold balanced
salt solution was added to stop the rsaction. The tubes
were ccentrifuged at 1200z for 15 minutes 1nl transfered ;
to counting tubes gnd counted in a gammo counter and

%0r-51 released was determined.



2.7.8, Bffedt of Cvelophosphamide:

To degermine if cyclophasphamide can moderate the
mortality and covert the animals into chroni¢ carriers as
hag been demonstrated with LM virus (Gilden et al., 1972),
suckling mipe were divided into groups of ten gach, The
Tirat group were given a single gose of cyelophosphamide
{(150mg /kg bedywt) three days before virus infection the
second group were given multiple reduced desage of :
_cyclophesphamide (150, 100, 50 25mg/kz) every other day
| star+ing three days before virus infeetion. The third
group vwere given only viris while the fourth group received
only graded dosace of cyclophosphamide as in the seeond
aroup. These mice were observed for typical symptomo of
pichinde virus infection. The orgnns Trom mice dying
during the period of experimentation werc proeeased for

histological examination and immuwnofluoresce,

2.5.9. Hisfology:

Tisguve samples from kidneys, livers, zpleen, 1ung,
heart and brain were {ized in buffered formalin, dmbedded
in paraffin, BSeections 6um, thick were stained with
haematoxylin and eosin (H&E) aq% periodic acid sehiff

reagent (P4il).

Some tissues were snap-frezen in liquid N, after
embedding in Tissue Tek II Oct compound., Thege were cut
in cryostat about 4um thick and stained for viral antigen
using hightitre fluorescein labelled anti pichinde

imnunoglobulin prepared in rabbits. In addition, kidneya
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were gtained for possible immune complexes using fluores-

scein conjugated goat antimouse immanoglopulin.

2.6.0. Infectioue Jentre Lssav:

Monolayers of vero cells were grown in 60z 5mn
falcon plastic petridishes uzing Tulbecco ¥agles medium
gupplemented with 10% heat inactiyated fetal c21f gerum +
glutamine and antibioctics. ‘hen eell monolayers were o
confluent, the medium was removed and 5x105 to 1x106
lymphocytes were added in O0.2ml medium, After adsorption
for &0 minutes a% 3700, iml of ager overlay in Dulbecce
Fagles medium supplemented with 12X inactivated fetal
ealf gserum plus glutamine and antibiotics was addéd.
ifter the layer hardened, an addi-ional 4ml. of Q.7%
~verlay was added to each plate. The plates were |
incubated for five days at 5700.and then overlaid with.
4ml. of the overlay containing 0.01% neutral red to
develop the plagues. The results were expressed as

number of infectious centres per 106 viable mononuclear

cells plated,

2.6¢1. Infectivity of sera frpm pichinde caryier mica:

The gerun from each carrier (DA mouse was titrated for
infeectious virus by inoculating Intec one day olé suckling
swiss albino mice. Serum from eack animal was diluted ten
folds in FPBS and 0,03ml from eaéh dilution was inoculated
intracerebrally to suckling mice using 6-8 suckling mice

Iper dilution, The LD5O was caloulated by Reed Muench =f j
method (1938), o
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2, f,4%, Determination of TFichinde virus - gammaclobulin
) complexes in blood of pichinde carricr mice:

Pooled fresh sura from carricy mise of ages 2 nonths,
three months nnd four months post infection woere coch
treated with robbit anti mouse gommoglebulin (3 volunmes
anti gammaglobulin to one volume carrier scra). The
mixture was incubatod at 37°C for 30 ninutes and then 4°¢

overnight., 4aftcr the overnight storage the mixturce wog
contrifuged for 20 minutes at% 2,500 rpm. The preciyitation
procodure whs repeated until the addition of antimouse
‘gamnaglobulin couses no visible precipitate and the
gupernatant was free of detectable mouse gammaglobulin by
immunoelectrophoresis or gel diffusion tegt. The amouwnt of
infectious virus remaining in the supernatont was assayed
by inoculatving ten-fold dilutions of the supernotant
intracerebrally into suekling swiss albino mice (0.0Bﬁl
1/¢) using eight mice per dilution and the LD50 wag
caleulated Y Reed Muench method (193%3).
Z2.6.%3, Procedure for gtaining tissues with H&E:

Tissues were fixed in neutral buffered formalin for
at least ten days andé then embedded in paraffin wax and

cut about 4-6um., Bections were guickly placed in distilled
water for 2 few gcconds and stained with Haematoxylene for

ten minutes and washed with distilled water for five minubes
until section appecred blue by naked eye and then stained
for 1-2 minutes with 1% eosin, washed quickly with disvil-
led water ond dehydrated with 95% znd absolute ;lcohol

and cleared in xylol. The sactions were then mo&nted in

lyecercl mountant.



U 2.6.1, i staining:
gentiohs were Etainéd Tfor 5 minutes with periodic

aoid {(1%), rashed 2 times with vetassium metabissulfite
(30 secend each time) containing.few drops of cencentrated

Hel. The soctions were then stained for 5 minutes in
| gchiff reagent ond washed with potagsium metabissulfité éﬁd
tap water., After the above process, then the sections
were stained for 3 minutes with 1% light green reagent nd
washed with 704, 904 nnd absolute clcohol cleared with

xylol and mounted on glycerol mouwntant (380% glycerol +
;00,4’5, trie bu-fferl .

6,5, Dffcet of Histocompatability differences dﬁ
Cytatoxicity: D -

To deternine whatver Brroconoiieitiidy lifformcoes hefvoen

the donour effector cells and target cells affect the
expressing of cytotoxicity as reported in lymphocytic
choriopeningltis and wasgecicular stomatitis viruses
(Doherty and Zinkernsgel, 19753 forman, 1975; Marker
and indersen, 1976), the pytotoxic effects of spleen
cells from different strodns of mice was tegted against

pichinde virus infeeted target L929 cells.(origin 3l hapbotype)

- The fellowing inbred gteaing of mice of lmown H-2
hopletypes were useds il AX (H~-2%), Badbe (H~2d), CBé
©(B=-2%) and SWR/T(E-2%Y,
| A group of at lengt ten nice from each strain were
infected with pichinde virus by either intracerebral
inoculation {,03ml 1O3LD50) or by intraperitonenl injecw
tion (0.2ml 104PFU),_and three mice were sncrified ot

intervals of 3, 6, 9, nand 12 days post infection znd the
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gpleens were processed ag described earlier for cytotexic
assey wusing tnrget L929 cells labelled with chromium-~51.

In addision the pool spleen cells from each strmlin was
possed through Nylon wool column to geprrate Immunoglubulin
bearing B-cells and other adherent cells which adhere to
the nylon wool ~nd the T=cells which were eluted from the
colurns. The cytotoxic offagl of ench sepnratved cell

type wns assessed. The effluent T-cells were trented

with onti € serum plus complenent and the degres of
cvtotoxicity was agnin evaluated from each inhred strain

st various intervals,

2.8.6, Virus titrec and mean survival time:

The virus titres in lrgnns and mean survival time‘
of exch pouse struin were nlso determined to ascertain
if eusceptibility to piehinde virus infection ig dependent
wn H-2 haplotypé. Here the kidneys, livers, spleens,
Hearts, Lungs cnd braing of ithree mice fruw each sbrain
were taken ot the intevwals when spleens were removed fer
cytotoxic assay. Bach srgun was homogenized into 206
suspension in PBS and éenirifuged. The supecrnatants wvere
ench diluted ten fold =nd inoculated into suckling swiag
nice using at least eigh1 guckling miea pér dilution. The
infectivity titres wore Anlculated by Reed Muench method(14%:5,
fﬁe mean survival time frm ench inbred stmin whs deterf
mined by infeecting twenty suckling mice from ench strainl
with pichinde virus and obdserving them daily for symptoms

and death for threec weels,
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246,74 Zroparation and Isolation of Clg:

Huwnor Clg. woeg donlatgd from fresh nd&ﬁalléerum by
o nodification of the meth®d of Volonakis and Btround
(1972) (2Zubler et al., 1976) which involved precipitution
at low ianic strength in the presence of chelafing agent.

The Cl= Zsolation wong os followsi- = ] 'ﬁﬂ
: L v.:(::,__

Freghly drawn blood nbout 150ml frdm single donor
 wa9 allowed to clot in giasg tubes for one hour at room
temperature and for one hour in an jceé bath, The blood
wag centrifuged for 30 minutes at 1,500z ot 4%, The
serum obtained was centrifuged for 40 minutes at 30,00ug
49¢, (Spinco 30R 17,000rpm), The free lipids from the
top were removed and the remainder of the supernatant wﬁs
used for isolation of (lg. The serum was inmediately

used.

2.6.8, Isolotion of Clg:

The volume of the serum was measured snd four )
volumeas of the serum mized with one volume ®f solution iﬂ
(0.1 EDTA buffer pH 7.5) (see Clg buffers previously
degeribed). The mixture wog incubated at 37°C for 10 ..
minutes apnd then returned on ice bath, The pH was -
odjusted to pH 7.5 with IN NaOH, vhile stirring with
glass rod, five wolumes of solution B was sdded to one
volume of the preoceeding mixture and the mixturc woas
incubated for one hour in the ice bath with gentle stirring

for one minute in every twenty minutes,
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The mixture was centrifuced at 12,000r for 30 minutes
at 4°¢ (Spinco 30R 11,000 rpm) and the supernatant giscarded,
The discrete precipitate woas gently resuspended in solution
C twice the volwne of the orizinal serum and ecentpifuged.
The precipitate was washed again and the rinal precipitate
vas disgolved in 12ml. of solution B {Q.75M Nacl -~ EDT.
614 pHS) and left overnight at 4°C. 4fter the overnight
storage, the preparation was centrifuged at 30,000¢ for
30 minutes at 4°C (Spinso 30R 17,800 rpn) and the super-
natant was dialysed against one litre of solution D for
two hours, The solution was changed nand diolysis conid nued
Tor a further two hours at 4°¢ veing magnetic stirrer.
Mter the dialysis, ghe preparation was centrifugzed ot
12,000g for 30 minutes at 4°C and vrecipitetc was washed
twice in solution D half the volume of the original serum
and centrifuged at 12,000g for 30 minutes. Then the
precipitate was dissolved in 3ml golution ¥ and left on
ice for two hours and then centrifuged at 30,000z for 30
ninutes at 4°C (Epinco 40R 18,000 rpm)., The supernatant
wvas gaved as purme Clg and dispensed in ¢,5ml1 amounts and
frazen st -70°C. One hundred picrolitre zamount was saved

for yurity check using electrophoresis.

24649, furity sontrol:

The Clg was tegted for purity by immuwnocelectro-
phoresis using 1.5% agarcse in Michaells bulfer/EDTA with
anticserum to whole human serum and anti Clg antisarum on

a 3ml microscope slides. This was sublected o
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- . electrophoresis in tris high resolution huffer Por ~ne

hour at 100 volts and antiserum asdded and left in a damp
chamber overnight. 4fter tae overnight storage Clg line
she¥”d avpewr as distinet line, The yield of (lg was
calculated from fhe optical density at 280nm.

0D 2 voluaeof Cla scuple = mZ.Clae. . ; 

21%.0+ Method for Redio~Iedination of Clg:

The praepared $lg was iradio igdinated by the locto=
peroxidnse method (Heusser et al., 1972) to specifio

2

activity of about 2ved of 1T5lébellgd_61q per ug. .._'“-

2.9.1. Solubiom for labelling:

Solutisn 4: Sodium iodide (Nal) O.6éng/100ml
' Veronal Buffered Daline (VBS)
- i,e. 60mg/10ml VB3 and then {ake
EE 10ul to 10ml T3S, |
| Selution B: Lactoperoxidase mg/ml and stdred at
~70%C in aliquots of 100ul, -
Solution C: Hydrogen peroxide (H202) %0% diluted:
(O 120,000, i.e. 10ul/10ml VBY then takc
. | 10ul el %o 1AL VBS. | -
i Selution D: Sodium iodide 6mg/ml + sodium zaide -
- ©0.0%mz/ml i.o. 30mgNal/ml then 101 to
10ml + equed volume of solution i befere
dﬂﬁﬂm1uﬁmﬁ&ﬂh |

Solutions:were keopt ot 4°¢ before use.
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2.7.2, Labkellina Cla:

Iabelling of Clg was done in steriltn tubo puihin.icc
buth., 4pout 10u1.1§5 was put into sterilin tube, Then
500ul . Clgq was added to it, then J10ul, Solution &, 10ul.
solution B, 10ul. solution C were added consecutively and
the %ube was shaken carefully ~nd left atb 4°0 for 15 minutes,
Then 20ul. pelution D was added o stop the reaction.
Veronal buffered soline (VB3) was added 4o reach a final

velume of 2ml.

2.7.%. isscssment of untnke:

Ten microlitre sample of the labelled Clg solution
was counted in a gamma counter and then 0.2ml normal
hupan serum and 2ml 205 2CA were added. The tube was
shaken to mix and cenirifusec at 2,500 rpm for 20 nminutes.
The supernatant was discarded and the radiocactivity left
in the precipitate was counted., The upbake of Clg
fixation should be 30-50% or more. The labelled Clg
golution was dialysed overnight ot 4°¢ against ompe litre
cold VBS and Clq aiopensed in 100ul aliguots and stored
at -70%C. | o

2eFede Clg binding ftost:

On the day of itesting the labelled Clg was‘thaWed:
and diluted in 5ml cold VBS containing 4% B34 (bovine
serum albumin) aﬁd ceﬁtrifuged at 18,000g for 40 minutes
at 4%¢ (Spinco 40 14,000rpm). The supernatant was used
for the tegst,
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FPifty microlitre of the test serun or contrv-ls in
duplicate were mixed with 100wl 0.7M EDTA buffer and
incubated at 37°C for %0 minutes. The tubes were then
transfered to an ice bath and 50ul, labelled Clq sclut-
ion and iml %, VEG solution were added to each tube
(execept TCL tubes where 50ul Clg + 1ml 20% TCL were added).

The mixtures were left on ice for 3 hours and then

centrifuged at 2,500 rpm {or 20 minutes at 4°C.

The supernatonts were cempletely removed and gis-~
carded and the radioactivity in the precipitates wvas
rraared, The test results were comparcd with TCA
control to determine % Clq binding. (The radioactivity
in TCA precipitate wae taken as 100%) Negative controls
were normal Serum, Iosi*ive controls were alkaline
asgregated 1% diluted to var’ -~us concentrations

(2.5mg/ml, 0,62%mz/ml, 0,106mg/ml and 0,04mg/ml.



CHAFTER THR2E
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2140, RESULAS

Jel.1e age related susceptibility to lethal pichinde
virue infection:

The influence of mouss agd on susceptibility to lethal
dcath due o picuinds virus infection was first studisd, In
gtudies with other arenaviruses it was Sound ithat there were
variations in suscentibility. The pathodﬁeicity of =mmepari,
Junin and Tacaribe viruses decrensc with increasin; mouse asc
at infection (Dorden et al,, ‘971 and Boxaeca et al., 1973)
wiile the matiiogenicitcy of lvaphoeytic choriomeningzitis virua
(LCM) increases with increasirrs mouse age 2% infection
(Hotchin, 1962; Johnson et al., 1973 and Borden et al.,
1974).

In this atudy CB. nmice of various nzZe ‘roups were infect ¢
with 103LD50 pichinde virus either vy intracerebral route o
intreperitoneally ana thegse mice were obuerved daily for
ciinical signs and sympiems. Tae cesult (tcble 3.1) chowe
that pichinde virus is lethal to suckling CBL mice when inoci-
lated by either intraccrebral or intraperitoncal rouie,
Typical gymptoms of hinl 1limb purelysis, hounched posture and
shivering started %o develp aboub pive aays afier infection
and all animals inogulated by intsncerebral route wers mori-
bund by dey eleven post infoetion vaile animale inoculeted
intraperitoneally died a little laiby (13-15 days post |
infection). Weanling and =2dvlt mies showaed neo apparvent

clinical svmptoms of infection. Mortality in mice inoculated
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Tablce 3.1: Effect of nmouse age and route of inoculation
on susceptibility to lethal death due to
pichinde virus infection in C:i. mice,

Age of mics No. irnoculated and No. mico

(days) route ol inoculztion dead % Denth
— 20 1/¢ 20 100
sl 20 1/P 20 100
: 18 1/c 16 58
/. 18 1/? 8 100
6 17 1/¢ 17 100
2 1 /P 15 8.2
B 15 1/o 1" 73.3
i i 1/ 5 33.3
1 15 1/c 1 6.7
12 15 1/7 0 0
14 15 1/¢ 0 o
21 16 “1/c 0 o
< 16 1/ 0 0
30 15 1/¢C ) 0
30 15 1/ 0 0
60 15 1/C 0 0
60 1% 1/ 0 0

Legend:= 1/C
1/P

Intracerebral

Intraperitonenl.
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intracerebrally beitween ages 0«9 days ranged from 100%
to 73% while in mice two weeks or older the gurvival rote
was 100%. Intraperitonecl infection wae only efiective

in mice 0=4 days old waille mice one weck or older were

less gusceptible, R

Sete2. W Tact of virus doge on Jletholity:

The next sthudy was to determine the elfect of varia-
tion of the virus doge on lethality, Doses ranging {from
102PFU to 106rFU were used in inoculating separate grouns
of (B! mice It was found that (table 3:2) intracerebral

-
2 to 10”7 ITU were highly eoffective

inoculations of from 10
giving almost 1005 mortality while reduced morbality wos
observed in dosie of 106 iU, The decresse in mortality
in the high dogse range wight possibly be due to presence
of defective interfering particles (DI) that cowld inter—
fere with the infectivity ol the normal standord virus.
T was infrct shown in comé Arenaviruses particularly
lymphoeytic choriomeningitis virus that DI pariicles mask

the cell killing potentisnl of parent viruvse (Welsh and fau,

19725 Velsh ef zl., 19723 Staneck ¢t al., 19725 kfuu ef al.,

2T,
"

19735 Popescu g sl., 1976 and Dutko and Pfaw, 1978. .

t oo
4 . £
"o . . 'I- P .



614

Table 3.2: Bffcct ol Pichinde virus dose on lcthality

to suckling CS.). mice: Intracerebral inoculszs:ion

—

Txperiment . - o, dezd4/Mo. %
“No, Done of Virus indculated lethality
I 10° ¥Fy 25715 1005
11 107 17U 30/ 1005
ITI 0% rry 20/uq 1005
o = ;
v 10° F¥U 18/g0 90%

&
v 10V ¥FU 20/25 609
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3¢le3. The Effact of c&élophdsphémide on Pichinde virus

Inieciions

As vrelimincry studies ﬁith LM viyus have showm thot
Crveclcophosphamide was an effective immunogsunpressand
converting lothil acute ILCM virus ianfection into persis-
tent TOM carrier state, a study was undcor taken o Tind
out the effect of eyclophosnnamide on the course of
pichinde virws infection in ¢ mice. 4 group of mice
were infectoed with pichinde virus by either intrecoerebrol
route or intraperitoncally and then treated with cyclop-
hogphawide three deyg later. . similar group of nice
were either treated withh the drug alone or infected with
pichinde viruz and than treated with rnultinle but reduvced
dosage of The drug a% three days intervals. The result
(Table 3.35) indicated that infected and drug ircated mice
died wiﬁh symptoma”similar to virus infected onimals bhut
without drug treatment while the drug treaiment alone did
not kill the onimale. This ipplied that the dryg did not
alter the susceptibility of the mice o pichinde virus
infTection and there was nd simificant difference o
between the virus Titros in the bleod and tizsues of The
virug infeacted, and virus infected drug treated mice
(trble 3.4). The only apparent difference hetween the
two was in the histolegy of the Jdrug treated ana infected
mice where there was marked depletion of lymphoid cella

in the white puip of ithe sgpleen,
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This result was at variance with other studies on
lymphocytic choriomeningitis virus (Rowe 1956; Rowe et al,,
1963+ Gilden et al., 1972 and Christeffersen et al., 1976).
This result argued against immune mediated nature of
pichinde viz-s infection., However, it was possible that
eyclophosphamidoe affected only one component of the
impune response that is the antibody medinted functions
without affecting the cellulor aspects which are importont
in the immunopathology of pichinde virus infection.
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Table 3.3 Effect .of Cyclophospuamide on the course of
pichinde virus infection:

Drug dose Virus route and No. mice Hoe %
and route anse of mice inoculated dead death
100mg I/F 1I/C 1 day old 20 20 100
100mz I/ I/P 1 day old 20 20 100
100mz I/T 1/C 4 days old 15 15 100
100m~ I/P I/T 4 days old 15 13 86,6
Hone 1/¢ 1 day 20 20 100
None 1/P 1 day 18 17 94 .4
None 1/C 4 days 15 15 100
None 1/¥ 4 days 14 14 100
100mz I/ none 1 day 15 o 0
100,50 none 1 day 15 1 6.8
100,50,50 I/C 4 days 16 8 50
Legend: I/P = Inirsoerisoneal
I/¢ = Intracerebral
100,50,50ng = 0Cv, dose of 100mz and then 50mg doses

mepented &b throe deyse interval.
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3¢1+4. Role of cell medinted Immune response in the
pathogenesis of acute Pichinde virus infection

in CBA mice,

515, Introduction.

In lymphocytic choriomeningitis infection of mice,
immume T-cells have been shown to mediate LCM wirus
induced immunopathology in vive (Cole et al., 1972;
Doherty and Zinkernagel, 1974 and Johnson and Cole, 1975).
In other studies (Mims and Blanden, 1972; Johnson and
Cole, 1975), it has been shown that primary effector
T-cells could protect normal mice from developing lethal
meningitis when these effector cells were given 18-24 hrs,
prior to intracerebral challenge with LM virus. Reduction
of virus titres was demonstrated in spleen, liver and
lungs of animals when T-cells from spleens of immunized

mice were transplanted into infected recipients,

The importance of cellular immunity in the recovery
from certain virzl infections has been well-established
particulfhrly in T-cell deficient individuals (W.H.0.
Tech, Report, 1973). In order to detemmine the role cell
mediated i.mune response plays in the pathegenesis of
mice acutely or chronically infected with pichinde virus,
the following preliminary experiments were carried out:-
Groups of mice 1=6 days o0ld and 9-14 days old were each
given 104LD50 pichinde virus either intracerabrally or
intraperitoneally and at intervals of 3, 6, 9, 12, 15,

30 and 60 days post infection spleen cclls from each
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group (pool srleen from 2-3 animals) were processed at
the same time by nylon wool column method and the
effluent T-cells were checked for specific cytotoxicity
using chromium labelled target 1929 cells and varying the
effector to target cell ratioc, The result (Fig. 3.1)
showed progreasive increase in target cell lysis reaching
optimum whén the effector to target ratic was 50:1.
Therefore this ratio was taken in all subseguent
experiments in this study.

The maximum specific T-cell mediated lysis was
obtained 9 days after acute pichinde virus infection
(Tig. 342) and dropped significantly after this period,
It was during this period of maximum cytotoxicity that
clinical symptoms were apparent in the acutely infected
animals and when histopathologicel changes in vital
organs such ag brain, liver and kidneys were prominent,
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Effeet of Immme spleen to tafgét cell fiﬁioﬁi*

on 51Cr rcleaged from vichinde virus infected

tarpet 1929 cell.{f-56 days old mice inocculated
intracerebrally).

Chromium relesageqa bv norpel gpleen cells alb

the same ratio has been sub-trzeted, Fach -

roint represents the nean of 4 replicates

and - vertical bars the i SIHM,

e
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Jegueniial developnent of cytotoxie activity
in spleasn of CBA mice acutely infecteq with
1000 LDSO Fichinde Virus,

(1-6 davs ola mice inoculated intracerobhrally)



Felebe Viruw concentration organsg of acutely intected

nice;

SN

The relationshiip between nortality and cell
nediate? resnonse with the extent of virus infection

of organs of theso mice were investigated hy renoving

P

ffom tﬁ;éé rice Sf.;aéﬁ'nﬁe &foup, the brains, livers,
kidpeys. hearts, lungs and aplecns at different tine
interv#ls after infection. Portions oi eac@;of theae
organs were processed for'hiseglogy whiiélfhe repainders
were caclh tigrated Ior_virus content, BThe results
qb%ﬁinégﬁin this ezperiuént (£ig, - 3.3 )otrongly denonse
trated that rice infected during the first week of.life
developed hign.yirgg titres inmthc_brains, livers and

Fai

: ' ’ ‘ . ' VLS
other organs., Titres bLeing paximui when the (7 /approa:hing

e

ity peak ag shown by ;ﬁ vitro eytotoxicity assay (table
7.6), In contrast nice infected vhen older then nine

days failad to chow the high virus conbtenis in those

f Tre T

organs (table 3,5) and there was only transient virenia

in these animals. (Toble 3.5). The (MI in those mice wns
also highest at day 9 post infection (Table 3.7).

Uik
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Table 9.5 Infectivitytitre of CB.L nice acutcly

infectcd with piehinde Virus. (9-14 days old
nice inoccul~ted i/e)

Deys post _
Brain ILiver Splaen Fidney Blooed

infactiion -
% 1025 10's?  prof ot sohe3
c 102 1030 o253 138 vobed
5 1T g0l qoheB 135 sohet
" 028 g 82 o .B sota!
15 ol 10'2  po! /10" /10!
30 [0t 0 /10! /10! /10!

60 AL M 1oL /10! /10! /10
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Pable 5.6 Cytotoxicity aspay in Buckling nice ccutely
iniected with pichinde virus. (1-6 drys old

CBA mice infected i/c).
(Luch experisent represents riean cytotoxicity of four

replicaten).

-— ——————

Jays spleen tzken

ExXp. Ho. poot  infection % cytotoxicity
1 6 18,33
2 6 19.69
3 G 15.02
L 9 61.02
5 9 59.98
(3 9 48,00
7 9 £9.93
8 12 34 .86
9 12 39.25

10 15 20.41

1" 15 16.95
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Table 3.7 : Cytotoxicity aszay in pichinde infected

Ivune nice. {9-14 days old CB4 mice
infected i/c).

Days splcen taken 51

HXPe 0. post infection Ve er., relecsed
1 > cb.82
2 3 2344
3 6 26.12
1 6 25.70
5 9 70,51
6 9 86,75
7 ~ 9 92,37
e 9 85,51
9 12 24,96

10 12 25.75
11 12 26,33
12 15 21.00
13 15 19.40
14 30 10.90
15 50 11.60
16 60 11.00

17 60 9.40
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Fige 3.3 a & b: Log virus titre in the brain ~nd liver
of =iec acutely infeected with pichinde
virus:

(=) Brain
(b) Liver
(1-6 days old CBA mice inoculzted i/c)
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PiZe 3.3 ¢ & d: Log virus titre in the spleen 2nd
bl1s0d of nice acutely infeetel with
pichinde virus:

(c) Spleen
(d) Blood.
(1~6 doys »1A4 C0B.L nice infactod i/p)
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Piz, 3.4 a & b: Lot wirua titre in the kidneys ~nd

barain. of nice acutely infoetel with
pichinde vimse:

(¢) Kidney

(f) Brain
(1~6 days CBA mice infected i/p)
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2147, Qroan virus sitration and gtaining,

r

Pea'ls virﬁs titreé were.maxgﬁﬁm ﬁeéééén éééﬁdéﬁg.post
infection {(fig. %.3a, b, ¢, d4) and declined thereafter.
Blood virus titre (virenia) was maxiﬁum at about_5 days
post infection (fig. 3.73). The highest virus titres
were atiained in the brain with 105‘53FU/grn at doy 6.
post infection (fig. 3.3a) infectious virus persisted
enly in carrier nice. |

Lonunofluorescen’ staining for viral antigen showed
Progresseive increase iﬁ the intensity of viral antizen

ag the inTection srogressed.

A

Fe1¢8e  Uistopotholom: of acutely infected CBL nices

— i

Histopnthological exanihation of the tissues deniongs-
trantel that inflsrnatory reactions weore maxinal when
cliniecal sisnn were apparent, The lesions varied as the

e

infection rrozressed, ST

livery . L
There was widespread lymphocytie cellular infiltration

of the parenchyma and perivortal areas (plate 3.1)., The
Fupffer cells showed noderate degree of swelling and
the sinusoids had clusters of leucocytes. Other chonges

included large, irregularly shaped hepatocytes {giant

cells) with bizarre nuclei.

W

&
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Spleong, : _
The white pulp shoved areas of necrosis with accuwnu~

D lation of soadinophilic omorphous dehris, There vas

avidence of extra medullary haemalopoiesis and large

numbhers of nerakaryocyies (plats 3.2),

The chanres ineladed Mmaried eoagulntion necrosis
invelving rore the dlstal than the proximal convoluted
tubules (plate 3.3}, Sore of these tubules contained
amnorphorus eosinophilic casts or debris in the luning,
Home of the tubules without necrosis bad swollen epithe-

liuvm bul;diig invo the lusina, e

The orzan was congested. The choroid epitheliu
was oedonatous an’. nmarkedly infiliratec vith nononuclear
éellé ané some blood vepgelg were cuffed with nononu-
clear cells, There vwere navked actroeytic and nicroglial
renctions (nlate 3.4). The leptoneninses showed nild

infiloration with mononuclezr cells nainly lymphocytes,

Taang s

FEV . : e

(Aveolar saptal, thickewings resulsing in noarrowing
of the lumina wns present (plate 3.5)., Sone vasculature

had mild hyalinization,

Heart:

There was no significant change from normal,
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late 3.1 g. I'otonicrozraph of liver of nmouse infected

with Pichinde viras,

Note the lymphocytic infji)iration around

the bile duct. H & B stain x 400,






Plate 3.4 b: Photonicragrnrl of liver of nouac infected

with Tichinile virus showinz mononuclear

collular infiltration,
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Ilate 3,9c: Thotomicrograph of liver of mocuse infected
with Yichinde virus. Note: The swollan
hepateeyie (giant cell) and kupifer cells
(black arrow), H & B stain x 400,
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FPlate 3.2: Protonmicrosraph of splesn of mouse infecied

3

with Pichinde virus. Noteé necrosis of ‘he
white pulp end giant cells.

H& B gstain x 100.
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-

Flate 3.3a: Ihotonicrosraph of kidncy of nousce infocted
with Tichindc virus. Tote consulation
necrosis of the convolut»d® tubules.

H& B Stain x 100
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Pl .t 3.3b: Fhotonicrugraph of kidney of nouse infected
with riehinia vdirus. Note coagulation
noecrosis of the conveluted tubules.

H & B Stain x 400
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e
W

I1-te 3.4a: ithotomicrograph of brain of mouse inTacted
with richirde virus The choroidal epitheliun
wag edematons and infilﬁr&taﬂ with mononuecisar
cells,

H & ¥ stuin x 400,






Fl:..tc‘ 3.“:

06«

rhotonicrograph oi brain of nouse infected

with sichiinde virus. W§ote perivasculer

cuffing with mononuclear cells (top left corner)
and choroid epitheliunm infiltrated with sone

nononuclaar cells. (top)

H& B stain x 400,






~1z%c 3.4c: Thotomicrograph of brain of mouse infected
with Tichinde virus., BShowing marked astrocytic
and microglial reaction.

H&E stain x 100.






Il:t¢ 3,5: Thotomicrograph of luns of nousc infected with
Tichinde virus. Note septzl +thickening

resulting in narrowing of the alveolar lunens,
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Wlzt. 3.6a: Thotomicrograph of liver of nouse infeeted

with Yichinde virus. Note somc pyknotic
nuclei around the central vein,

H& B gbain iz 100.
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Flate 3. 6b: rhotomicrograph of liver of nouse infected wiir
Yichinde virus, Note hopatocytes with swollca::
nuclei and which had undergone hydropic
degeneration,

H&EEB stain x 400,






9.

17te 3.7 a: .’rhgtomicroz_-;raph oi kidney of nouse infected with
vichinde virus showin; perivascular cuffing with
lymphocytic cells,
H & B stain x 100.
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Flate 3.Ti®: rhotonicrograph of kidiey .f -cusce infustol

with iichinde wirus oh-win: perivascular ,
cuffing with lyiphocytic cells., Note the
xmphocytes cre found and ﬂear the
gloneruli too,

H & B steain x 100






ilerte 3. feo: POTODAGI gL Aph - <O kAN o ouze infected
with Fiehirle viruc akowinz-perivascular
cuffing with lymphocytia cells.
H & B stain x 400, |
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2+.1.9. Histopambhology of persistently infected carriesr
nices

The 2xtent of virus invelverment in the carrier nice
wag Zoundt to he more annarent in the livers and kidneys

than in other orzanas.

Tdiver:

The livers of four - nonth ~ old mice showed
Lymphoid perivaszcular cuffinzg in the nortal ftrind
(plate 3.6 ) Iupffer cells were prominent, The Iynpho-
cytis infilirations in the liver were nixsd with nocro-
phagen and polymorphs, Yyknotic coelle and hydroric dege-
neratiun, glycogen and nejakaryocyses séemed to be conifined

Cin the central vein areas.

Kidneys:

Theaae Shbwed tubular necrogis of distal and some
proxinal convoluted tubules with ecginophilic and T4A8
positive castn, The glomerular mesansiun  was proainent
but not hypercellular., FIome bazement nembrance thickening
wag apporent in a feow kidneys. Perivascular cuifing

with nmononucloar cells was evident (plate 3.7)
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3.2.0. Infectious Centre wctivitr of .cutely infected
and Persistent carrier nices

In order to determine if eplsnic nd perjpheral
blood nornonuciear cclls (T and R cells) fron acutely
infected or persistent currier nice could yield infec=-
tious virus in h2z2 lynmosiceytes, lynphoeyven from
spleens and Llood oi eich <roup of theose nice were
taken at inftervals after infection and froctionated
by n7lon weol column or Ticoll-paque fnethod, The
fractionated cells (T or B) were tested for infectiouvs
centre lormation as descrived earlier in the methods
section, ‘The resulte (table 3. 8) showed significaat
infectious cenires forued by mononuclear cells from
acutely infected and persistent carrier nice.

Infectious centre formation was greatest in T cell
enriched gpleen cells of acutely infected nice than
in enriched D-cells. In persistent carrier mice, the
T-cell enriched spleen cell had the higheat infectious
centres formed when compared with those of B-cell
enriched population. Peripheral blcocod mononuclear
cells had lower infectioun centres then spleen cells
(table 3, 8)a

These rosulis swsest that effluent non adhering

non pharocytic T-cells nlay vital role in the mainte-

nance of persisten® pichinde virus infection as these
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cells have been found to contain significant infeciious

contres. These non adhering nostly T-cells nmay act ag
target cells for picninde virus replication theraby

reswlting in maintenance of the virus.

Ze2.1, BEBffsoct of T-cell devpletion:

To investigate whether or nol specific T-cells were

o} 1.

S responsible Yoy the cybtotoxic effects demonstrate

oy

in
the 51Cr. releage agsay, Nylon wool column purified
cells were treated with anti--theta gerum and complement
and tlic cvtotoxic effects of the residual cells were
checked. The result (table 3.9) showed a congiderable

reduction in cytotoxicity when cormpared ith uwntreated

control cultures,

This result dlearly indicate that both immune
nedlated damage znd viral jpersistence are mediated to
a greater extent by the same set of non adherent, non
phajzeceyiic and non imnunogslobulin bearing lynphocybes.
These cells are characvericed as T-cells. It is also
Possible that natural killer cells (FE) which have
sopmewhat similar norphological choracteristics do pardi-

cipate in the cytotoxic effects and establichment of

persistent infections.
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i

Table 5.8 Infectious centre zcotivity in mononuclear
~e¢ells of CBM nice acuiely infected or

persigtendyinfected with Pichinde virue,

veru/iof vPrU/10°
el wr : .
cell scurce Aeutely - persistent
infected carrier
Hylon wocol column Lo ' e
effluent cells . Q2 " ' o 5t
{spleen) BT S
Nylon wool colwn . o
adherent cells - - . 35 ‘ 22
(splesn) S
Nylon wool column o o
adherent cells - . % 7 4 - 0

rerirheral hlood

Nylon wool column L
effluent zells ' 12 7

verinheral hlood
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Fig. 3.5; Infectious centre activity of mononvcliear
cells of CB. . nice (a) acuizlv infeeted,

(b) persistently iniceted with pieninde virus.
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Y
Trble 3:9: Effecet of T=cell depletion on cytotoxic
effect of pichinde virus infected (CBL
spleen cells on %target T-gedls
% cybobozicity % cytotoxicity
Depletion procedure pichinde uninfected

infeeted control
(mean + S.E,) (nezn + S.E)

Nylon wool column 64 .73417.8 20. +5.2
effluent

Nylion wool column |
effiuent + onti @ 4 Q! 27.86%10785 | 16,847.2

Nylon weool eolunn

adherent cells 25.6840.68 | 154244.8

Nylon wool column
~dherent ~fter

carbonyl iron 10.744.8 9.544.0
trentnent : S :
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3.2.2. Dffect of macrophage depletion on cytotoxicity

of virus iniected tergebs:

Tc ascertain whether the in vitre cytotoxic recctions
recorded were {-cell medlated or mocrophages or B-cells
mediated the nylon wool colunn purified lymphocyses
rers separated into effluent non adherent mostly T-celle
and adherent B-cells and macrophages. Bach ol thess
fractions was incuvbated in plastic petri dighes for
one hour at 37°C and the supernatves cnntaining non
adherent cells were removed and vestied for cytotoxicity.
The reculte {(Table 3.10) showed nno apnreciable diffe-
rence hetween the cytotoxicity of macrophage depleted and
wndepleted cells. This gsumgests that T-cells participate
in the in vitro cvtotoxicity, Treatment with rabbit
anti nouse impunoglobulin plus complenent did not alter
the cytotoxicity (teble 3,71 which imply that ©» cells
which have gurface immoglobuling do not play a role in

the specific cytotoxicity.
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Table 3+i0. ‘©The Effect of Macrophoge depletion
ST on Specific Cytotoxicity.

Spleen Cells Macrophages % 51Cr Release

ﬁonnal (control) undepleted 20,01 1+ 5.7
Normal (econtrol)  depleted 20.41 i.?.B

Immune T cells undepleted © 54,73 4 17.8

Immune T cells depleted 59,98 + 16,2

s
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Z2.11: Bffect of trectment with rabbit
antinouse Imnunoglobulin plus -

Complement on Cybotoxicity.

!
% ,5Cr Release

Spleen Cells Treatment

ﬁoﬁmal {control) | No?e 26.82 £ 2-3
Immune 7 cells :.aj None 65.72 + 9.4
Innune cells fggégggfgbalgi 60.?1ﬁ 8.1
Inmune Norﬁ;l.rabbit 62;5-# 7;1

Serum
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3.2.3. A#lastorenic response of lymbhoeytcs {rom
inected mice:

The ip vitro examination of blastogenic respongg.
of lymphecyites to sivinulation with Con.. ond LFS is
one of the wost useful in vitro parcacters of evaluot-
ing the in vivo cell medinted iamunity functions of
lymyhoid cells. Therefore blasitogenesis of T~-cell
enriched splecn cells from acubtely infected rnice to
Con.i nitogen wns conpared with the enriched cells
from their unstinulinsted infected counter parts. 4
sinilar comporigon wng done with Becell enriched
spleen cclleg ctinulnted with LIS nitozen ~nd those
mstimulnted infeoted counter parte., The results
(Table 3,12) indic ted o ezispificant increase in bdlrato-
~anic vesponne by stimulated lymnhocvios of pichinde
virus infected animals than from unstimlated infected

lymphocyte contrals.

jorcover, aitogenic stimwlation shiowed inereased
levels of infeciious cenver forv tion when compared
to wstiswlated cells (teble 3.72) though the inercase

was not significante.
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PFfTect of mitogenie gtirulation of

lvmphocrtez on infectious centre

Tormation:

Treatnont

Mitogeﬁ

VIRU/10

<6

PH Thymidine

uptoake OPM

Nylon wool colunan
effluent cells

Nyion wool column
efflvent cells

Hylon wool cotunn
adheregﬁ cells
filon wool coluwmn
adherent cells

Mylon wool column
effluent ce2lls

" Fylon wool column
'5:effluent cells

Nylon wool column
adherent cells

Nylon wool column
adherent cells

- Colla

Nona

CoNA

Hone

TE3

Tone

LES

Hone

47

?18 o

17

23

27

27, 14642564

- 1, 6474127

w

14,19641023

1,3154101

6, 1474857
3,5264516
17,902+1911

5,24241120
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3e2e4: Eifeoct of histocompatability difference on
cytotexicity:

In previous studies it was found that compntabi-
1lity at the H-2 gene complex is esgentinl for inter-
action between sonsitized thymus deorived T-cells and
target cells (MceDevitt and Benncerraf, 1969; Vaz ard
Lavine, 1970; Benccerraf and Medevitt, 1972; ¥indred
and Shrefler, 1972; McDevitt =and Bodmer, 1972; Katz
et al., 1973+ Gariner 2t al,, 1974; Doherty and
Zinkernagel and Neoherty, 1974, 1975). lHowever in
other recent studies (Neustadt et 21., 1978) these

clidme werc disputed.

To find out if H-2 differences between effector
and target cells would affect cytotoxicity in pichinde
virus infechion, cytotoxic efiects of spleen cells
from different wnbred strainsg of mice infeeted with
pichinde virus were asgessed againast a single target.,
The results (talle 3.13 % indicnte that H~2 idensity
between effecicr T-oells and tnrget Le~cells is neces~
sary for naxinum specific lysis %o occur. This implies
that susceptibility of CBL mice to acutc lethal disecse
due to pichinde virus infaction is genetically linked

to H-2 conmplex.
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Table 3,13: Cytotoxic effects of spleen cells from
differcnt gtraing of mice ceoutely
infected with pichinde virus:

¥ : ' ' % Cytoctoxicity
Mouse strain Hanlobype

Pichinde B Tninfected
infeoted - - Ieells
e s
@B 3-2¥ 64-86 L 20-27
Balbe a-2* 10-16 7. 1013
SWR/T B=2% o 17.24 o 14e27
sfiax w2 arez7 3-~25




107,

%2.2.5 l'ean survival time:

The *irus titres and pean svrvival time of the
various inbred strains of aice infected with nichinde
virus werc cxamined to ascertain if H-2 differences
affect The susceptibility to acute pichinde virus
infection, The result (table 3.14) demonstrated that
all the aice tested werc susceptiible although CBi and
S3WR/J have higher virus %itres zné lower mean survival
time than 4/Jaz and BalbC, This difference was not

gtatistically sisnificant,

<
b

2.6, Bifect of T-cells depletion:
1

When snti @ servn + C' wasg usad to deplete T-cells
fractionated Trom 4iTferent inbred straino of nice wvhich
were acutelr infected with Pichinde virus, there was
sipnificant reduction in cytotoricitv in the 23.. mice
while in other inbred strains, the reduction was less
noticeable (table 3.15). Carbonyl iron treatiment to

renove mazrophages also gave significant reduction in

cytotoxicity in all the inbred strains (table 3.15).
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Table 3.14: Lffect of Histoconmpatabilitly difference
on suscepntibiliity to acule pichinde
virus inTection. '

-t

Mean survival
Mouass Jirain  Uaploiype I‘OgLDEO/O'ijl time in doys

CBA H-2 5.4 1 0.4 SEM 9

+ 2.0

ymig H-2% 5.1 + 0.2 5BH g & 3.0

: !.I/I'J.ax | 1-2% 4.3 4 0.4 S‘Ih 11+ 2.4
Balht 1724 1.7 + 0.3 gmm 10 & 1.7
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Table 3.15: Eifect of T-cell dopletion on cytotoxicity
' of gplesn cells from difierent inbred mouse
atraing to pichinde infected Cr-51 labellad

target Ie-cells: |

¢ QGytotoxicity (ronse)

Depletion procedure

CBA  A/FX 8WR/JI  Balle
Wylon wool effluent 5T-759 28-36  27-47 2437
- Facells .
Hylon wool effluent . .
T=cells plus anti ' 1835 2229 20~3% 138-31
e + C!

Hylon adherent cells 28-39 21=-31 1825 16--28

Nylon wool adherent
cells affter carbanyl 15=-21 18327 15-24 16~1C
iron treatiment '
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3.2.7: Role of Humoral Immunity on the Pathogenesis of

exzperimental Pichinde Virus Infection of Mice,

3.2.8: Iniroduction.

Mithough circulating antibody has lons bezn
ragarded us o major deofense mechanisi againat virus
intection 1t is also well-eatablished that tarzet cell
festiuction nmedin*ed through the interaction of a2atibody
with nora.l lyapheoid cells can result in injury to the
host (Cerottini and Brumner, 1974). The ppecificity
of the mntibody medicted destruction of cells is
deternined by the antibody bound to the membrane asso-
ciated cniizens and that the efiector cell bear recen-
tors for the Ic. iragment of the imvunosglobulin molecule,
SJtudies by Greenberg cf al. (1975) indicnted thet the
effector cells whicih mediated antibody dependent cyto-
toxicity belong to & class of non pnegocytic, Pe
receptor positive and innunozlobulin negative cells

reforrdad to as natural killer (NT) cells,

B ¢ells wers fouvuad not capable of mediating
antibody Adepondent cytotoxicity as ramoval of phaso-
evtic cells an? pas-are through r. colunn of sephadex
coniwmted wvith ovurified rabbit anti mouse Fab 4id
not abrogate the cvtotoxie activity, 2also removal of
T cells by treatioent with anti T ecell serum nlus

complement did not alter the ability of the remaining
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fraetion to nediate Mnitibody dependen t cytotoxicity
(Greenhenx, 1973). dntibody dependent Cytotoxicity
is primarily nedlated 1y IrG antibody (Haclennan.
1972 and Ferlmann, 1972) ana antidody - dependent
complenent medisted cytotoxicity "as been shown to
oceur in the Presence of minute anoun+s of mtibody
¥hich arine fypom B-cells in the 8plaen (Ven Boxel et al.,
1972 end Yiessline gt 2l., 1976), Moreover Qligtone
&t a1 (1971) aho-ed that LOM vipys induced antibody
in the Fresenee of complement wonlq lyse LCM virus

infected target cclls, 9The Possible pPathogenetie role

ﬂetermining the effect of various concentrations of

Pichinde Virus 3peciiic antibody plus Complement on

and Couparing the cytotoxicity with wninfeecteqd controla,
The wesult (fis.B..6) Tailed to shoy 8ignificant reole
of specific Pichinde vimg antibody andq couplement
RZainst Pichinde viryg infceeteg target c3ll,
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3e2.9, Bffect of humoral immunity on pathogenesis of
Pichinde virus:

In crder ta deteraine the role humoral immunity
plays in the pathorenesis o> resistance %o pichinde
virus infecticn, the developmzents of conplement fixing
entiholy  and nentralizing antibedy in acytely infected
and persistent ecarrvier C0. mice were studied, ZJera
ware taken from agutely infected mice at thwree days
intervals afier infection and inalyzed for fomplement
Tizing antivod;y by using microcomplement fixation test
and neutralizing antibody using plaque reduction test
in vero cells, ‘Yhe result (table 5.16) failed to
show preszenge ol either complement 1ixing antihedy or
newtralizing antibody in the cera of zcutely infected
mice Jor tla first two weeks ol infection. ¥From this
result it 1% clzar that humoral immunity did not play
a vital role ip the pzthogenesis oi acute infection
ap &)l acutely infected suckling nice died within two
weeks of infoesion, Tvis meant that celluler immunity
vhiech devaoloped within a week of the acute infaection
Hisht "oy o rital vole in the pathogencsis of acute
pichinde virua infection. Significant complement fix-
ings antibodr was demonstrahle abovt three weeks alfter
the immunizing "oze df acule infection and riging to

# Iigh titre at 60 days post infection., This high
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conplenest fixing antibody titre was only apparent in
weanliaz z2nd cdult mice that were Ziven inmunizing
doge of the virus and «lac in enti thymocyte treated
andl virus infeciel suckling mice which vere uade
persictent virus e=rriers (Teble 3,17). Virenia was
transient at three dava proat infection of weunlinz and
adult mice vwiile inmunosuppressed peraistont carviers
continued to demanatrate viremia for up to a period of
four months (tulle %.17). No nautralizing antibody
was detected from either acutely infected or persiztent

carricrs using the plague reduction teat.

From the results of cytotoxicity assays and comole-
nrent fixing titres of acutely infected mice, it was
evident that Loth suckling and weanlin; infected mice
were adeuyuestely sensitized by the virus; The
differenca in cusceptivility beiween suckling and
wesnling mice was Thot the virus titres in organs of
sucklins niece roge to high levels [f£9-. 3.3) and
coll melisted resnonge Aeveloped later and extenzive
destruction of vital organa by specific T-cells resuli-
ing in the denth of the suckline mice while in weanl-
inT mice wvirns titres in the bBlood and orrans were
significant) - lower (table3d, B5) and therefore destrvec-
tion of vital organs was minimal ) So the
nice survived and were ahle to clear the virus through

humoral iumune response,
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16¢  Complement fixing and neutralizing
entibedy titres in acubely infected

© weonling GBL mice. (914 days old CBi
inccwlated i/p)

infection (Lag10 PIU) titre
3 [14 032 - /_12
6 /14 1025 [_¢2
9 /154 g0 41:2:'
12 /114 N a2
15 1:8 HD L;:Z
20 1332 o a2

30 1164 /1010 [1:2
60 V:64 J101+? /1 2

¥l = Hot dome.
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3.2.8: N"Tect of antithvmoecyte servm on the course of
pichinde wirus infection:

‘lnen it wks esatanlished that cyelophoavhamide could
not protect nucklinzr CO mice from acute lethal disease
due to pichinde virus infection as was the case with
lymphocytic cheriomeningitis virus, another experisent
was conducted to study vhe immunosuppresgsive efiicct of
anti-thymocyte scrun on pichinde virus infectiocn.
Several repurts have already indicated the usefulneass
of inti-thymocyte serum which aifect predominantly cell
mediated immunity (James and .n:lerson, 1967; James et 1.,
1969; Lanca, 1970). JLnti lynphocyte serum was found &o
be effective in converting acute LM virus infection
into persisteni carriers Haterin, 1962; Hirach, 1967;
firsch and Murphy, 1968, It was also found to be
efTective in tac.ribe virug infoetiorn of mice (Borden

et al., 1971).

In this studv, groun of thirt, suckling CR. mice
vere infecied with 105FTU pichinde virns vhen they were
four days old and were cach trezted with antithymocyte
gerun (.03ml iniraperitoneally) the same day after
virus infection and at three days intervals, Thirty
guciling CB.. micc were sinmilarly treated with normal

serun after pichinde virus infection to serve as contrels.,
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Table 3.17: Lifect of /ntithymocyitec Serum on Mortality

of Pichinue Infected CB.L Mice. (44'cvy 24 CBA
mice inocul-~ted with pichinde virus i/e)

——

aZe uv o HMedian
Infection antithynocyte Treainent Morta- OSurvival
tino
(dzya) lity (daya)
0-1 Noxrmal 3erun 100 1
0-1 0,0%m1 I/P nt three daya 90 a5
interval
1 formal OSerun 100 9
4 0 0311 I/Y at three days 40 > 120
interval
9 Normal Jerum 21 > 120
9 0.03ml I/¥ at threc days 0 > 120

inverval
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The rasulte (table 3.17) shoved that these pergistently
infes*ed nice were found tn have reduccd mortality despite
oxtanegive virue replicating in the organs leading to
generalised infection of all wissuwes., In zddition
these carrier nice continued to have viremia and C,F,
antibodies for up to four monthg post inilection when
the carrier nice were bled by retro-orbital venous
plexus at intervils shown (table 3,18). The infecti-
vity of esch ssyum wasg assesged using plaque assay in
vero cells and b inoculating geriel ten Fold dilutions
of each serun intracerebrzlly to suckling swiss albino
mice, The result (%able 3,19) demonstrate infectivity
of sona nf tha sera, To ascertain that this effect
was not due to tqxic manifeptations of the sera but
wag dAue to infectious virus conmplexed with antibody,
these sera were re-examined by mixing cqual valumes
of each zerum with antimouse samma globulin and the
mixture incubated for one hour at 37°C and then at 4°C
over night. The sera were centrifuged and supernatant
inoculated inbto suckling swiss albino mice. Control
mice either innculateda with a mixvure of anti nouse
ganmz 2lobulin and ¥BJ or inoculated with the virus
alone were included. From the results (table 3.20) it
was evident that after precipitation with antinouse
ganma ¢lobulin the infectivitica of the aera were

reduced conziderably.
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Table 5.18: Complement fixing antibody titre and viremia
in peiplstently infected pichinde virus

carricr CB. mige: (4 d,ys old CB.A mice inocul:ted
with pichinde i/e and nntithymoyte scrum siven

2t 3 days inmtervals i/p).

Days serum Virenin Veutralizing
takapoat  OF Titer P%ﬁjéi‘ antibody
infection (plaoue reduction)
3 VAR 102 -ve
5 /1:4 10%+? e
10 1:4 yol? ~ve
15 1:8 101'3 -ve
20 1:2 D -ve
25 1:8 ND ~ve
30 1:32 ND ~-ve
_ . 2.5
35 1:32 10" -ve
10 1:064 10°+2 -va
50 1:54 10°+2 )
60 1164 1g%+© ND
. 141
90 1:64 10 ND
120 1132 1913 uD

+ve control ascitielluid titre = 1:1024
+ve control rabbit antipichinde antilbody tibre = 1:128

ND = not done,
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S

InTectivity of gerum from OBL mice
persigtently infected with pichinde virus:

No. of Hoe of &
mice * mice . A
Inaculim TnaculLatod dead - Bortulity
Tichirde virus 8 | 8 - 100
PBS 8 o O
:59-
Nent serum {yom 8 8 100
carrier nice ' : S

Serum Trom vichinde .
carrier nonse & ) 8 100
diluted one in ten '

Immune asciticefluid 8 ' 8 _ 100
+ Pichinde virus -
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Bifect of Treatment of persisioently infected CBa

serum with ‘nitimouse ~arps lobulin on

infentivity:

Ho. of No. of

Inoeulum mnice mice %
inccunlated dead Mortality

Pichinde virus 10 10 100
diluted 4 |
Yichinie carrier 10 10 100
serum dituted 1/10
Pichinde carrier alter T '
ppt with antimouse 10 4 4Q
gamna giobulin '
antimousws gamme. 10 O 0
£lobulin & PBJ '
Pichinde carrier 10 9 90
serun dilutoed 1:100
DPichinde ecarrier 10 4 40
gerun diluted 11000
Fichinde carrier 10 2 20

gerur dlluted 107
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3.2.9: Bffeet of \dopitive Transfer of Iarnme Jpleen cells to

Fersisient Pichiinde Carrier ODA Mica.

When fractionited eariy irwune T-colls (day 9 post
Infection) fron acutely infected (M. mice were injected
intraperitoneally (107 cells) to persistent pichinde
carrier mice, &1l the carrier mice died with epnvulaions
typical of lethal pichinde virus infeection (table 3.21).
Fractionuted seccondary immune T-cells taken frem weanl-
ing C2.. aiceée thirty days after immunizing dose of tho
virus also Lilled all vhe persistent carrier mice while
nortality of mice injacted with normal fractionated
T-cells from uniafected mice was less (table 3.21).
Thia remmlt cloorly shows that adortive transfer of
immwne arlesn T--cells can convert nmersistent carricr-
ship into lethal disease rather than eliminating

viremia,



Table 3.:71: Sffect of .doptive transfer of Immunie

Symgeneic Spleen cells o persistently

Infected

Ch)y MicQe- -

A Mean 2o Dend/ %
Donour cells Release Total Mortality
Primary inmme _
Spleen cells 70,61 20/20 100
(9 days)
Secondary Imauvne _
Spleen oaells 10.90 20/20 100
(30 days)
Normal Spleen 24,80 4/20

cells

20
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3.3.0: The role of Iomme couplexes in the pathorenesis
of Pichinde virus in CB'. mice:

8 mentioncd earlier in the literature review
lmaune couplexes have been founu to be importunt in the
pathogenesis oif o nuuber &f diseases usuch ag hepatitis
virug inZection, lactic dehydrogenase virus infection
and aunon# th. araenaviruses lymplocytic chorioneningitic
virus infection of wmice waa fownd to result in immune

complex fornution leading to tiasue ianjury,

The result of the infectivity assays (tables 3.18
and 3.19) did not prove conclusively that these persis-
tently infected mice contained viras antibody complexes
eirenlatineg in Gheir blood, Bo further examination of
the serr of theae animals were undertaken using a
relatively senaitive iodine labelled €lq Ybindings aasay
developed by Zubler et a1l (1976) and nwodifie? by
June et a2l (1979) shen testing wmoum sere €or immune
complexes., The rasult (fig. 3. 8) showed presence of
inmune complexes by Clg binding asgay. The inguagglo-—
bulin levela in the sera of a few uaice with hizh imrunc
complex levels were estimated (fin. 3+10) which showed
increased 156G levels in the carrier nice compared to
uninfected concrols. The immune complexes were mostly

of the 1gG class.: > determinated by radial immuno
diffusion.
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Tt was further observed (fig, 3. 9) that the
level of C1q binding material (Immune complexcs)siznificonily
increases2s the duration of peraiastency becowcs
longer., This suggests that in mice yersistently
infTectved with pichinde virus, cireuleting virus -
antibody imwune complexes continue to form 2nd
subsequently deposii in the kidneys, and nrtiries
resgulting in virus - antibody immune complex

diseaac,



CONTROL
PERSISTENTLY UNINFECTED

INFECTED
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Clg Dbinding activ ity in sere of individual

B mice perasistontly infected with pichinde

virus compared to twse aze matiched mwninfeotay

controls, BPach poirt revrcsents data from onc

2

riouse,

A
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Fig. 3.9 3 0C1q binding activity in sera of individucl
mice persistentl infected with richinde

virus. 3ach point represents data from one

individual mouse.
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Mg. 3410: Mean serum Inmunorlobulin levels of
nergsigtent pichin® carricr ndee (opon bavs
commareqd 0 wninfected centrol mice of
the same aze eroup (Aateved bars),

Mean vnlue of seven mice + 9'IM,
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4.1.0. DISCUSSIONS

Althoush in nost circunsgtances immunological reactions
vlay an inportant role in recovery from viral in?ections as
has been shown when sensitized lymphocytes from infected
host recopgnizged virug specific antigens on the surfaces of
infected cells and destroy thege cells or when lymphocytes

in responge to antipenice gtinmulation liberate interferon
or other lyrphokines to protect the host amaingt the
invading agent, in some circumstances inmunological reao-
tions indtiate or agrravate tissue damame which may be so
gevere =238 %o ki1l the infected host,

Numerous studies with lymphocytic choriomeningitis
virus, the protohype of the arenaviruses, have shown that
experimental intracerebral infection of adult mice leads
to fatal imnunopathologic disease of the centrol nervous
systen while infection of neonatal mice leads to chronic

persistent carrier state which alsc ultinately develops
into fatal immunopathologic disease due to deposition of
virus -~ antivirus immune pomplexes on the glomeruli of
the kidney, arteries and choreid plexus of the brain,

4o141. Cell medisted immmity in the pathogenesis of

Pichinde vipyug indection:

In thia study the role of cell-nediated immune
regpongse in the nathogenesis of experimental acute
pichinde virus infection of CBAX mice wns denonstrated
using an in vitro model of cell-medlated immune response

that involves quantitative in vitro destruction of virus
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infected Cr—51 labelled target cells by cybotoxic thymus
derived lymphocytes gencergsited during acute pichinde virus
infzetion. This method had earlier been successfully
used as 2 reliable measure of cell mediated immune
responge in viral infection (Steele gt al., 1973 and
Bellantl et al., 1976), Thymus derived lymphocytes

- ohtained from spleens of mice acutely infected with
pichinde virus eight to nine days previgusly showed
strong specific lysis on target cells aa could be shown

by the alveclar septal thickening of the lun; resuliing

© . in the narrowing of the lumina and hya’ilnization of

gome vascwlature., In the liver lymphoid perivascular
cuffing in the portal triad is also evidenit. Further
mnore, .1iver showed lymphocytic infiltration mixed vith
nasrcphages and polymorphs and there were pycnotic eclls -
and hydropic degeneration (Plates 3.5, and 3,6 ) while
T. lymphocybes obtained from mormal uninfected.animals
or those infected with vasicular stomatitis wvirus

did not show any significant lysis on pichinde virus
infected syngeneic tarzget cells. The brief time courae
for the cell-mediated immune responsge which developed
dvring the acute infection coincided with the period
of viremia (table 3.8) and intense histopathologic
response with infiltration of mononuclear cells and
massive necrosis in the liver, spleen, kidneys and
brain (plates 3.4+, 3.2, 3.%, 3.4 respegtively). In
experimental pichinde virus infection of CB.A miece the

development of cell-medinted immune response (as measured



by in vitro cytotoxic assay) was positively correlated
with the degree of histopathologic response as there was
severe hepatitis of the infected mice (plates 3.1 and

3.6). This hepatitis contributed greatly to the clinical

- 8igns and fatal outcome of the infection., The histopa-

thological picture of the infection has similarities with
these reported in fatal case, of human lassa fever

(Winn and Walker, 1975). Similar alteraticns have also
been reported in experimental lassa fever of monkeys
{Walker, Wulff and Murphy, 1975) and experimental
Belivian hagmhrrhagic fever in rhesus monkeys (Terrell

" et ale, 1973). When these mice were immunosuppressed

, fellewing infegtion with the virus, they were found to

be free of thess histopathologic alterations in their
lymphoid organs.exiupt for the spleens of thesé.hice that
showed diffuse and follicular depletion of lymphecytes.

7 gSimilar findings were reported in mice infected with

amapari and tamiami viruses following thymectomy

(Besuchio et al., 1973). It was olear from this result
that immunosuppression resulted in diminished clinical
 'expreasion of the acute infection while passive transfer
of immune lymphocytes from syngeneic donors to immunosupp-—~
ressed infected mice resulted iA increased severity of

the infeetion. = | . e oo
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- Bvidence that T lymphocytes were responsible for
the acute immunopathologic manifestations of the Yisesse
was shown by the faet that cytotoxic activity in vitro
could be reduced congiderably by prior treatment of the
fractionated immmne T~cells obtained from the gpleens
of acutely infected mice with anti theta serum plus
complement (table 3, 9), The specificity of the T-cells
was also eatablished by the failure of the T cellg to
lyse normal uninfe¢ted syngeneic target cells or target
cells infected with unrelated virus. Depletion of _
macrophagés and B eells did not significantly reduce the
cytotoxic activity (table 35,10), neither was treatment
with anti mouse immunoglobulin plus complement (table 3,11).
In vivo treatment with anti mouse thymocyte se'rum resulited
in significant reduction in lethality of ¢ - acuée
infeotion depending on thecday aftor infoction at which
the treatment was started. (table 3.17) which furthed
Wconfirmed that the acute lethal disease wag due mainly
?to cellular immune response against pichinde virus |

infection, : i : S . f%

During this period of intense cellular immphe
response (8 ~ 9 days post infeection) no trace of
humeral immune response was shown ag there was do
detectable complement fixing or neutralizing amtibodies
(+abie 3.18). ': |

In contrast to studies with lymphocytic choriom-
| ningitis virie which showed that prior treatment with .
oyclophosphamide resultad in the alimination of the
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acute immunopathologic qiseanse and the estoblishment
of persigtent lymphocytic choriomeningitis virus carrier
state i ._;.ii, cyclophosphamide wag not found
to be an effective immunosuppressant in pichinde virus
infection as the drug did not =lter the susceptibility
of the mice to acute pichinde virus infection (tabls
3.4), Only repeated intraperitoneal injection of
antithymocyte serum was effective in reducing the acute
lethal disease due to pichinde ¥wirus infection. This
might be due to the possibility that cyelophosphanide
acts mainly to eliminatg?%'cell= compartment of the
immme response as suggested by Turk and Pohlter (1972)
and Stockman et al., (1972), while antithymocyte serum
and antilymphocyte globulins specifically eliminate
T cell compartments (James and Anderson, 1967; James

et al,, 1969 and lance, 1970). -

~ Histopathological results $plavedsugy have in foct
shown that cyclophésphamide treatment depleted mainly
the white pulp areass of the spleen which have been

reported to constitute 2 major B cells population.”

4otePl - Hiétocéﬁydtd&;;gtx Yifference: L
In this study a major histocompatability eomplex

restriction has been demonstrated for T cell mediated
cytoféxiqity_of pichinde virus infected barget cells
(table 3.19). The results showed that T lymphocytes
removed from spleens of CBA mice acutely infected with
pichinde virus could lyse pishinde virne infected

c ‘. '.
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target 1,929 cells which express the same haplotype as &
the effector cells ( both target L cells and the (BL
effector T cells express the same H-2X specificity).
Other inbred mouse strains which express different H-2
haplotypes frem that of target I cells gave gignifieantly
lower lysis (table 3,i5). Prom the inbred strains of
nice studigd in this work, H-2 differences did not |
affect susceptibility to acute pichinde virus infection
as Bll the inbred strains of mice tested had similnar
susceptibility and mean survival times (table 3.16).

It might be possible that other inbred strains of mice
with different H-2 haplotypes which have not been

included in the study might show differences inh suscep-
t1bility. '

Ae1e3. Inmune Conploexes ¥ sasio wmegie of Fichinde Virus:

Circulating antibody has heen regaréed zg a major
delense mechanism against virus infections oz demongt~
rated when virus is exposed 1o excaess antibody, the
infeetivity of the virus iz neutralized., In viruses
that are cybopathogenic humoral immune response protects
the animal freom the lethol virus infections, Hewever,
some viruses such as the arenaviruses produce little or
no tissue damage to the host unless agﬁbmpanied by the
immune rosponge where hmﬂunépathological reactions may
be so severe as to kill the infected animal. Evidence
that antiviral antibody plus eamplement would injure

virus infected cells was reported by Brier et al (197t1)



: ﬁho éhowed that in the absence of specific entiviral

» antibody plus complement no such injury took place;
Virus - antipody complexes have heen anssociated with
infloumatory diseases in onimals (0ldstone and Dixon,
1971) aes the presence of virus - antibody complexes in
the civculation can lead to symptoms of serun sickaess,
glomerlonephritis, vasculitis, arthritis ete.

Results from this study heve shown that humoral
immune reaponse ald not play an important role in the
immumopathologic nanifestations of lethal disease due 10
acute nichinde virus infection as anti viral antibody R
did not appear at the time of acute lethal disease .

As the virus is relatively non cytLCidal
the acute lothal disease was not due to cytopathogenicity
of the viruz bud was a result of mﬁfuivc cellééediated
inmune response against the viral antigen which caused
the acute lethal disease. However, in the persigtent
oarrier mice, there was evidenca that immunopathoizgicgu
leaions in the livers and kidneys were the result of
solnkhls . virus anti-virus mntibody complexes -“_ﬂ
which deposited in the renal glomeruli and other organs.'ﬁ'
Histopothologic lessione oonsisting of fibrinoid |
necrosis and perivasculey inflommations (plates 3.9 ,'hhif

.o vhich are ossociated with the persistent carrier ﬂ
mice nmight be due to interactions hetween the virus-~
antivirue antibody deposited in these organs, This ¢ ' .

could net be confirmed by immunofluorescence studies.
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T+ was also noted that the sers of all the persistently
infected mice continued to have infectious virus complexed
| widh antidbody and the inf;ctivities of these sera could
not be neutralized by antiviral antibody (table 3.19).

The infectivities of the sera were neutralized only by

. . further addition of antimouse gamma globulin (table 3.20),

Circulating 1mmune complexes were sought in the
sera of these mice using radio labelled (lg binding
- method (June et 2l1,, 1979). It was quite evident that
most of the persistent carrier mice had significontly
high circulating jmmune complexes in their sers when
._ compared with normal uninfecied cantrols of the same nge
| group (fig, 3,1 ). The percent of trichloro acetic acid
precipitable Clg radisactive counts in duplicate test is.
sera wag wompared with negative and pesitive (lg binding
control sera. It was found that most of the CBA mice
persigtently infected with pichinde wirus for upto five
months duration had a high level of circulating immune
romplexes when cdmpared to wninfected controls ‘fig. 3.17).
There was positive vorrelation between C1¢ bBinding
activity and immunoglobulin levels as mice with increaged
levels of C1q binding activity also showed increased
immunoglobulin levels particularly 1oC (fig. 3.9 ) in
the sera, .
i1though histopathological observations have indicated
that the persistently infected mice have glomerulonephritic
v low severity as there was mild renal discase in all -

the animals obaerved, the inteasity of glomerddonephritis
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might increase when these carrier mice were kept Tor a‘
longer period of time sa; one year, It will be of
interest in future to deternmine if there is genetic
contrel over the formation and deposition of immune
complexes by various inbred stra%pé of mice infected with
pichinde virus as it has been rep&rﬁod that antibody
 reaponses to Various antigens are controlled by genesfﬁ
mapping in thelr-region of the H~2 complex (Benacerraf
and McDevitvt, 1972; Klein, 1975 and McDevitt et al.,
1972). There is also a need to determmine the binding
affiﬁities of the antibody produced from various inbred
gtreing of mice infected with pichinde virus mnd
determine the role the binding affinity of the amtihody
produced on the formation and deposition of immune
complexes mnd subgequent tissue injury. Steward et al..
(1975), Petty and Steward (1977) have shown that low
affinity antibodies resulted in production of immune
conplex disease, There is also 2 need to determine if
gsex of the animal can influence tha formation of immune
complexes, This work did not take this facter into
conagdderntion hecause limited number of mice available
did not permit adeguate pooling of these mice according
to gex., Many studies have shown that female animale

f_ generally produe:s more immune complexes and a;ggizphritis
prone thon théir male counterparts of the same age
(Steward et al, 1975, Petty and steward 1977). 1In
addition it would be of interest to determine the

spocificity of the CG1¢ binding material. Whether all the

|
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structural or non atructural polypeptiles oif the piciiinde
virus act an components of the immune coimplex. This
vark 4id not detemine the specificity s the recovery
of moterial in the Clg bound complex was insufficient
to allow peptide analysis to ascertain what type(s) of
pichinde polyneptides were contained in the complexes.
tecent stvdies by Oldstone et al. (1980) on lyazhoeytic
choriomeninsitis induced immune couplex diseases huve
demonstrated that anii lymphocytic choriomeninsitia
antibodv in the complex reacted specifically against
the three main LON v{rus structural polypeptides -

nucleonrotein and the two plyco pepticdes,

Tt is swisested by Jelsh and Cldstone (1977) ihat
Lyn hacytic choriomeniningitis virus escapes immunolegical
gurveillance durine life long persistent infection of
mice by producing deiective interfering (D.I) viruvs
which in¥ibit surfoce expression of viral antigeno and
subgeguently preventing effective %illing of infected
tarpet cel. by either cytoioxic T cell and by antibody
nlus complement but neverthelesa producins sufficient
antizen to clicit stron iwnpune response agoingt all the

T virus stmctural proteina,

Mridence from thiz stuly has shown that pichiade
virus replicateg in macrophagz2c and T cells and this
hias also been shown in Lymphoeytic choriomoningitis

virug (Mims and Subrahmanyan, 1966), Tamicmi virus
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(Murphy et al,, 1976). It is possible that pichinde virus
persistence is achileved by the virus replicating in the
mononuclear cell and then be readily trangmitted to other
organs., The lovw level of infectious centres observed might
not represent the maxir m number of virus infected cells,

it probably represented only by thOSu infected cells that were
replicating the virus,

Pichinde virus persistence could also be maintained in
mice in the form of virus - antibody complexes circulating
in the presence of suppressor cells that inhibit production
of cytotoxic offector c¢lls which are involved in virus
clearance or clinical disease. Reeent evidence by Chan,
Clark and Rawls (1983) has shown that pichinds virus infection
of MHA hamsters induced suppressor cell production which
could inhibit foot pad swelllng regponse and prevent lethal
disease, ’ '

Another posgsibility of pichinde virus persistence in
a Torm of virus antivirus immune complexeg could be that
the virus replicates in macrophoges - T cells which would
result in aberrant effector cells involved in the virus
elimination, It was feported by Casali et al (1981) that
glycoproteins from lymphocytice choriomeningitis and from
measles virus when inserted into artificial membranes or in
soluble form, could induce signiflcant non specific cell
mediated cybtotoxicity in human peripheral bleood lymphocytes.
Since pichinde virus has been shown to replicate in mascro-
phages, it is possible that virus replication in the macro-
phages (which are involved in antigen presentation) with
subseguent expression of the viral glycoprotein on the surface
of infected cells. The glycoprotein and cell surface antigen
conmplex ig recognized specifically by cells involved in the
induction of suppressor cells leading to increase in
production of suppressor cells which consequently interfere
with cells inveolved in virus clearance.,
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