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ABSTRACT

Iﬁfectionfby Pichinde virus, a member of the
arenavirus group, was studied in vivo ig Syrfhn hamsters, ]
and in vitro in cell culture;, Emphasis in the in gixg
studiés was placed on the mechanism ¢f resistance to
virus infection in adﬁlt hamsters. Two hamster strains
were found to"differ in their éusceptibilitylto lethal
Pichinde virua_infecfion.' LVG/Lak hamsters.were fbund
to be 100% susceptible to low doses of Pichinde virus

during the first 6 da&s of life, but after 8 days of

life, mortalify was uncommon. Peak serum virus titers

--‘in animals infected at 3 days of life were 4 logs

greater than in animals infected at 12 days. MHA/Lak

hamsters, in contrast, were foundlﬁo be susceptible

- to lethal virus infection both as newborns and as

adults. Peak serum virus titers of greater ‘than-lO8

PFU/ml were observed 8 days after infectign of adult

MHA hamsters compared with less tﬁan 103

PFU/ml in
their LVG counterparts. ' Cultured primary kidneylcelis

hY

and peritoneal macrophages from either hamster strain
supported Pichinde virus replication equally ;211 in vitro.

Antibody levels measured by complement-fixation test were
¢ TTT—
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|
fsimilar at 13, 21, and 30 days after infection..

Cyclophosphamide immunoauppresaion, administere& 3

days after infectipn, rendered adult LVG animals
susceptible while slightly increasing the mpftality
?.amoné MHA hamsters. These findings auggeﬁt that
immunologic fﬁctors ;atﬁring early'in life In’LVG
hamseters and deficient in MHA hamsters limit Pichinde
virus inﬁection. The relationship of these ;fservationa
with previously reported arenavirua diseaaes ie
discussed, . - k;‘ -

3 The an%igenic structﬁrenéf'Pichinde.virus wﬁs
éxémined. Lyéates of BHK21 cellp} infected with
Pichinde \'lirué and harve's'ted 48-96 -hoﬁrs after infection
containad Qirua—épecific antigens detectable by éomple-
ment-fixation (CF) test. Immunodiffusion ahaiy51s o
of the lysates dé;onstrated two antigens which, dlffered
in their properties of heat and prsteolytic enzyme
resistance. The ahfigen acéounting for‘fhe majoé
proportion of the CF antigen %ctivity wag a heat stable,
pronase resistent protein of 20-30,000 molecular weight®
estimaFea by gel“?ﬁifﬁqtiqn. The minor antigen was heat
1abiiebénd spséeptible fo proteolysis. Antiserum pre-
pared agai;ns‘t par‘t:fially purified majoﬁ -éh"t"i'gen, yielded

. e R . ot .
a band ‘of identity when tested,agairst antiserum

. ;/ . ~
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- v .
prebared‘dgainat virus "cores" obtained by NP=LD
aolubilization'Bf pdriﬁied Pichinde virus, Disruption
of purified virus by treatment with 1% NP-40 and 50
ug/ml RNase liberated 2 soluble a;tigens whichg ‘
identified with those demonstrated in lysates of
'infected cells. The liberated antigenic. activity was
Ehown to contain 3 of the 4 polypeptides found in the
virion. These findings suggested-that the antigens
detectable by CF dnd immunodiffusion were componenta:'
of the_virion core. Major antigen derived from infected
cells was purified by rate-zonal aediménta%ion, iso-
electric focuaing'and gel filtration. Two low molecular
wqight_polyﬁgpfides were demonstrable in the purified
antigen. |

Sincd"multiple segments of RNA ekist in the

Pichinde virlon, it was of interest to determine '
whether antigen synthesis and virus production could
be disaoc1ated in the infected cells. In Vero cells
infected Sy Richihde virus, antigen on the cell surface,
and production of idfectious virus shut down 48-96
hours after infection, whergds antigen detectdble-in
the cytoplasm of infected ce{}s éppeared stable fof‘over
5 days. In BHK21 dells, actinomyein D (AD) at dosagé

levels of 1-4 ug/ml reduced virus jields by greater than

95% while reducing antigen detectable by CF by only 30%.
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The quantity of aptigen prodqced‘was independent

of AD dosage within the ranée fested. Both the major
and the minor antigens were identified in lya&t;s‘
of AD treated cells, The observed decrease.iﬁ.infectious
virus production could not beoattributed‘to increased
cell'agaocidted virus or to greater production of |
defective inteéferring particles, 'Surféce antigen,
demonstrable by 1mmuaniaorescence.and by antibody
binding assay was.fouﬁd/to accumulate on the membrane
of infected cél&s incubated with AD. These findings
sugéesk that Pichinde virus replication in AD treated

BHK21 cells is blocked at the level of virus maturation.
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INTRODUCTION .

SO . [
S ﬁefinition and Characteristics’of the Arenavirus -
P 7/ _ T~
. The arenaviruses are a newly described group of

viruses which are uﬁiqﬁql Sevérgl members of;thé arena-
\ '-'virusigroup were formeriy_qlassed as,arboviruées,'buﬁ* 
were reorganized as a separafé virus group in 1870 whe;
it was recognized théi they posséésed biological and
structural properties distinct from the arboviruses
(Rowe et al, 1970a). Rowe and‘C&—workéns (1970a, b)
‘définéa the arenavifuseé as envelopéé, RNA containing
vkbuses which shared a common group-specific antigen
demonstrable_by'immunofluorescence and .complement fixation
(CF) tests, and which showed a similar, unique virign |
structure in thin section electron micrographs. Virions
wepe pleomorphic in shape ranging from 50-300 n; and
éveraginé 110-130 nm. The particle consisted of a
- dense envelope with closely spaced-spikerlike projections
and an interior lacking an electron dense core, but
containing variable numbefs of 20~30 nm electron dense
particles resembling host ribosomes. The presence of .
these granules was the most‘unique‘feature of the‘

-~

arenaviruses, and it was this feature.which suggested

L \ : .
the name, from arenosus, Latin, sandy. Within the

cytoplasm of the infected cell were seen large, non-
] -

membrane bound aggregates of these granules in a matrix



of vi:us antigen. Progeny viruges werefréleased fréh
the cell by budding at the cyfoplasmic membrane. The
budding process was preceded by a thickening of the
membrane'with the appearance of spikes on its exterior.
Simuitaneously, aggregation of sgﬁeral 20-~30 mm gfanuies
appeared on the interior-of the membrane‘&t the maf;ration
site (Abelson et al, 19689). o

- ‘There are currently 10 mémberg of the arena-
virus group. These include lymphoeytic choriomeningitis
. (LCM) virus first isolated by Armstroné and -Lillie )
(1934) from a patient wﬁo died of what was thought to
be a case of St. Louis encephalitis. The virus was later
found by Traub (1936) to be endemic in a mouse ¢olony in
Princeton, .N.J. The biological and immunologic character-
istics of LCM virus have been stgdied Extensively and
it is considéred to bé the prototype virus of the group.

Lassa virus, the eBAological agent of Lassa
fever in central Africa is only distantly related sero-

logically to LCM virus, but dppeérs to be morphologically
identical (Speir et al, 1970).

The Tacaribe complex of viruses make up the third
major subdivision of the arenavirus group. This group
(reviewed by Johnson et al, }9?3) ineludes Amapari, JuniQJ;
Latino, Machupo, Parané, Pichinde, Tacaribé and Tamiami

viruses. Junin and Machupo viruses are the etlological



agents of Argentine and Bolivian hemorrhagic fevers,

. réspectively (Parodi et al, 1958; Johnson et al, 1365a).

_The other Tacaribe complex viruses do not appear to
be pathq}ogic for humans in.a natural setting. Field
studiesfg;\TFEpido'and Sanmartin (1970), by Jennings et .
al (1970}, and by Webb et al (1970) uncovered no evidence
of infection by Pichinde, Tamiami or Parana viruses,‘

" respectively, among people-liﬁing‘in the areas in which
these viruses were isolated. A single{report (Buchméier
et al, 1974) 'indicates that uﬁder‘laboratory gonditions
of high risk exposure to Pichinde virus hﬁman infections
may occur, however, no specific disease could_be.
associated with these infections. ;
. A high degree of antigenic cross reactivity

exists among members of the Tacaribe complex. Roweand

co-workers (1970a), Johnson et al (1965}, and Webb and
others (1970) have documented antigenic cross reactivity
detectable by CF test and immunofluorescence with
virtually all of the Tacéribe complex viruées. In the
study by Webb et al (1970), thé cross feactivity'between

Parana virus and other Tacaribe complex viruses was found

to be more pronounced when Parana-immune sera were-tes¥ed

against heterologous antigens than when Farana antigen

was tested against heterologous antisera. )




y . 4
- Cross reactibity of Tacaribe complex viruses
with LCM virus was. shown by Rowe et al (1970a) using.
immunofluorescent étaining and CF. The cross reactions
were most readily observed by immunofluorescent staining
of virai antigens in the cytoplasm ofinfected cells.
Casalé and Buckley (1973), examined the antigenic-
relationships between Lassa virus, LCM and .the Tacaribe
complex viruses. By CF test, a iow but significant degree
of crdsé reaction betweén‘Lassa and LCM was observed.
'Cross reaction was detectable using either Lagsa or
LCM'antigen with the opposite antiserum. When hyper-
immune Lassa antisera were used, weak cross reaction was
observed with Amapari, Junin and Tacaribe viéal antigens,
but the reaction was not detectable using immune sefa

from persons survibing\Lassa fever.

II. Biophysical Properties

- It has been difficulf to- clearly define the
biophysical parameters of thg arenaviruseé. For
example, the sedimentation coefficient of LCMV has
been reported'to vafy from 768 (Pfau, 1965) to 470-
5068 (Pederson, 1970) while the-sedimentafion coefficient
of Pickinde virus was found to be 300-3258 (Ramos et al, )
1972). Possible explanations for the appéreﬁ% variations

observed include differences in purity and homogeneity

of virus preparations used in the different studies and



the reported instability of some of the arenavifuses.
The published biophysical properties of the vinmws'of
the group are summarized in Table I.‘

,Members of the arenaviruses éppear td‘vary in
their stablllty, especially upon purlflcatlon and storage.
Studies by several groups of investigators have shown
that the viruses are rapidly inactivated by heat
(Pfau and Camyre, 1967; Parodi et al, 1966; Webb et al,
1967; Mifune et al, 1971) and at pH values below 6.0.

At physiologic temperature and pH,loss of infectivity
is(not excessive, Webb et al (1967) investigated

factors contributing to the stability of Machupo virus
both under coﬁdi?ions of storage and during mahipulation

in the laboratery. They found that virus stability was
improved by the addition of protein supplements to the
medium. Similar findingé have been reported by Pfau

and Camyre (1967) and by Pederson\£1970) working with LCHV.

III. Biochemical Properties-Nucleic Acids

- Studies of the nucleic acids of the arenaviruses
have yielded unique findings in that a significant poftion
of the RNA is derived from the host cell. The.nucléic‘
acids extracted from ﬁurified virus preparations have
been found tolbe single-stranded RNA and multiple species
of RNA‘have been demonstrated. For LCMV, RNA species with

sedimentation coefficients of 31S, 28S, 22S, 18S and u4-6S

:
4 o



. TABLE I

DIFFERENT

SUMMARY OF THE BIOPHYSICAL PROPERTIES OF
~\ ARENAVIRUSES
_Parameter and Method Virus ' ‘Reference
Virion Size by EM
60-280 nm LCMV
Machupo
50-~150 nm Amapari, Latino -
fTacaribe, Tamiami
Parana, Pichinde
‘Lassa Speir et al, 13970
Junin

Sedimentation Rate in Sucrose Gradients

470-500S

LCMV
300-3258 ' Pichinde
768 LCMV
Bouyant ensity in Sucrose
1.18 gm/ém3 PichindeY’
o Amapari
. LCMV
1.17 gm/cm3 - Junin, Machupo,
Tacaribe
1.12 gm/cm3 Junin

Bouyant Density in Amidotriazoate

1.14 gm/cm® LCMV

Lascanc and Berria,
1969 '

' Pederson, 1970

Ramos et al, 1972
Pfau, 1965

Mifune et al, 1971
- Johnson et al, 1973

" Pederson, 1973a
Johnson et al,
1973

Coto et al, 1972

Gschwendér et al,
1975b




were reported (Pederson, 1973b). Similar species of RNA

‘ware found in Pichinde virus (Carter et al, 19873a) and,

more recently a 15§ speciea of RNA has been described

(Farber and Rawls, 1975). Carter et al «(1973a) demonatrated

by base composition and‘by methylation ratio that the

285, 18S and N-SS/species were similar to ribosomal RNA

of hostqcell origin while the 315 and 22S'species were
different. Pre-labelle&cellulér RNA:was igcorpdrated into
the virus and appeared in the 285, 185 and 4-65 segments
(Pederson, 1973b; Carter et al, 1973b). No direct |

evidence has been presented to determine the functional

- requirements of the hpst cell derived RNA in the replication

_of the virus. Carter et al (1373b) found that Pichinde

virus replicated in the presence of low concentrations

of actinomycin D; the concentratisns used suppressed i

ribosomal RNA synthesis of the host cell. Thus, virus

replication did not require newly synthesized 285 and 1885

RNA. *
An estimate of the molecular weight of the

Pichinde virus genome based on sensitivity to gamma

.

irradiation has been made (Carter et al, 1973b). The

radiosensitive genome was found to be 6-8 X'lD6

daltons,
greater than 3.2 X lD6 daltons egstimated from biochemical
data (Carter et al, 1973a), suggesting that the host RNA

in the virion may be functional. Single hit kinetics
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" of inactivation by UV light were found for Pichinde’

virus which is comaifible with only a single genome

n

copy per virion. :

L.

The question of whether the elechqn dense
granules observed in‘arénavirus vifions are indeed
?ibosomes has been the focus of much debate. ' Farber
and Rawls (1975) have recently described the- bio- .
physical and- biochemical éroperties of these structures
isolateé:from Pichinde virus.  The particles display

sedimentation and bouyant density properties similar

to BHK21 cell ribosomes. Analysis of the RNA component

of these particles showed that they contain 28S and 18S

RNA species. Pederson (1975) has examined the wibosomes
and nucleoproteins of LCM virus. Under conditions of
detergent disrﬁption in the presence of 0.5 M KCl followed
by rate zonal_centrifugation in the presence of 0.3 M
KC1l séveral nucleoproteins could be isolated from the
virion. The isolated hucleoprojeins sedimented at

12958, 838,‘608, andluOS. The 2 larger species contained
33S and 229 RNArwhilé-the SOS and 408 species contained
28. and lBSriboébmal‘RNAJ The /60S and 40S structures

had propertiesTdf EbTA and RNase sensitivity identical
to those of 60§.aﬁd-5ﬁslribosdmal subunits. These

observations taken with those of Carter et al (1973a, b)

-

Vs .

R

and Pederson (1973) showing that the 285, 185 and 4-6



RNA'segments_aré of host cell origin'make.a/strbng
case for identification of the‘electron.dense particles
4s ribosomes derived from the host cell, ﬁ'

The mode of repllcatlon of the RNA of arenaviruses
has not been extensively studied. Previous work (Mifune
et al, 1971; Buck and Pfau, 1969) has shown that the
replication of several arenaviruses was inhibited by
the transcrlptlon inhibitor actinomyecin D at levels
greater than 1 ug/ml. Carter et al (1974) detected
RNA-dependent RNA polymérase activity associated with
Pichinde.virus, but no RNA-dependent DNA pol&merase
was detected. Neither actinomfcin D nor DNase inhibited
the endogenous polymerase reaétion, but the reaction was
ablated by RNase indicating that endogenous viral RNA
serveq,as-a template for the polymgrization rgaétion.

The polymerase'required Mg++ and Mn#+ for optimal
activity. The product was foﬁhd.to be partially resistant
to RNase, and the RNaée resistant portion had a sed-"
imentation coefficient of 22-263. - —

Studies by'a‘ umber of groups (Martinez-Segovia
and Grazioli, 1969; Coto and de Vombergar, }969; Buckie;
and Casals, 1970; Webb, 1965; Webb et Ekﬁ 1567; Webb et al,
19705 Pfau et al, 1965; Mifune et al, 1971) have shown
fhat arenavirus replication is not inhibited by ‘the

halogenated uridine derivatives bromodeoyuridine (BUDR)
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and iododeoxyuridine (IUDR). Since these drugs inhibit
DNA réplication, arenaviruses are presumed not to A
require DNA synthesis for viral RNA.replication. The
RNA inhibitor S-azéuridine has been shown to effectively
block LCMV réplication (Buck and Pfau, 1969); lthus.
showing that RNA synthesis is necessary.

The host cell does not, however, appear to
function only as a substrate for virus—directea RNA
synthesis and trahslation. A recent study by Banerjeef
et gi (1976) has shown that Pichinde virus is unable to
replicate in cells enucleated with cy%ochalasin—B.
‘Enucleation up to 8 hours after ‘infection was found to
‘be effective in preventing virus replication. The
mechanism of the block was not clear, however, it in-
volved complete inhibition of viral antigen synthesis.

This dafa taken with the iﬁhibition of-Qirus prgduction
but not antigen synthesis by actinomycin D suggests that
repliqatiﬁn depends-to some extent on transcription of

the host cell genome. Whether the virus actually

requires a functional RNA syﬁthetic system, or simply
needs a cell-coded protein cannot he resolved at this time.

IV. Biochemical Properties-~Proteins

The polypeptide composition of Pichinde virus was
examined by Ramos et gl (1972). Four polypeptides were

~—
identified by electrophoresis of SDS disrupted virus in



~ in the experiments. It was concluded that V

(

polyacrylamide gels. Two polypeptides with estimated

11
P
- . "
molecular weights of 72,000 and 12,000 daltons were
found and called VI.qnd VIV’ respectivelyf Two gly-

coproteins, which were called VII and V 1> Were found

II
to have molecular we%ghts of about 7?,000 and SH,QOD.
daltons, respectively\ The glycopepfide VIII was found
to be solubilized from the virion with the nonionic
detergent NP-40. - Nonionie detergent treatment did not
dissociate Vi and V;; from the nucleic acid of the
virion’while fhe fate of VIV could not be determined
III ©¢°
presented an oute membrané component. Pederson (1973a)

has reported the pregence of:5 polypeptides in the Lcﬁszﬁﬂ/\f

virion but a detajded account of the experiments has not

been published.
The proteins associated with infections by

the arenaviruses have usually been examined with reference

"to their antigenicity. Smadel et al (1939, 1940)

reported the presence of a soluble complement-fixing
antigen in homogenates of guinea pig tissues infected
with LCMV. This antigen was separable from the virus

by ultracentrifugation. Repeatedly washed virions
reacted poorly in CF tests while the soluble antigen lost

none of its activity after ultracentrifugation.



ro | -Chaste; (1970), Simon (1970) and Bro-
Jorgensen (19?1)'have found antigens detectable by
immunodiffusion in‘tissue or cell;cultures infected
with LCMV. Bro Jorgensen found two antlgenlc spec1es

detectable by Immunodlffu51on u51ng extracts of

infected BHK21 cells as an antigen source. One antigen.

Y.

was found to be heat stable and resistant to pronase
while the other antigen was found to be heat labile

and susceptlble to the proteolytic action of pronase

Both antigens sedlmented at approximately 3.58 in sucrose

gradients.

Recent studies by Gschwender (1975) have
established that the extractable complement-fixing
aﬁtigen fECFA) of LCM virus-infected cells is an
internal component of the virion. Antiserum directed
aéainst ECFA did not neutralize infectious LCM virus,
nor would it mediate complement-dependent lyfis of LCM
virus-infected cells. Purified LCM virus di'srupted by
deteréent treatﬁenf.liberated an antigen which reacted
in CF tests with anti-ECTA and which yielded a band of
identity with ECFA by immunodiffusion.

Work contained in this thesis, and previously
reported_else&here (Buchmeier 'and Rawls, 1974, 1975)

has led to similar conclusions. Antiserum directed

against partially purified complement-fixing antigen of.

Pichinde virus obtained from infected cells has been

o

J
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shown to react with iqternal_cbmpénents of the virus
but not on the surface of the infected cells. This
antiserum reacted, ‘in immunodiffuéion, with components
of NP-40 d;érupted-virions."The precipitin bands
obtained were antigenicaily identical with those
detected in lysates of infected cells.

V. Persistent Infections by Arenaviruses

Arenaviruses can, under certain circumstances,

set up either a persistent or an acute infection in vivo.

A classic example for virus persistence is chronic LCM

virus infection of the mouse originally described by

Armstrong and Sweet (1939) and by Traub (1936). Mice

infected in utero or neonatally with LCM virus typically

— ——

- harbor virus in virtually all tissues and in blood and

excrete virus in the urine and saliva with no apparent
ill effects for life. This observation led Burnet
and Fenner (1949) to propose the theory of immunological
tolerance. The mice were thoughtto be, by virtﬁe of
their early exposure to the virus, immunologically
unreactive or "tolerant'" to viral aﬁtigens. In this
tolerant state the mice were assumed to co-exist
peacefully with infectious wvirus.

Oldstone and Dixon (1969, 1970a, b) proved that
mice persistently infected by LCM virus were not tolerant to

the virus. Upon careful examination these workers were able
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to dehoﬂstrate virus-antibody cohpiexes in the blood,
and were able to elute anti-LCM antibody-from the
kidneys of‘phronically infected mice. Persistent LCM
Jinfection was associated with a chronic glomerulo-
nephritis and arteritis due to the deposition of antigen-
antibody complexes on the basement membr:§EE“o§\ghe
glomeruli and blood vessels

A marked genetic factor in the severity of the
immune complex glomerulonephritis was observed by
Oldstone et al (1973). Working with several inbred ‘
mouse strains, theseiyorkers found that the severlty of
the late disease was governed by the strength of the
anti-viral immune responsexggieted by the animal.
The SWR/J strain of mouse, which™mounted a strong
anti-LCM response suffered more severe immune complex
disease than the C3H/HeJ strain which mounted a weak
response. The factor con;rolling this differentiél
response was shown to be linked to the H-? locus.

Similar, though not as extensively.stpdied, example
persistent infections have been reported for other

arenaviruses. These include Machupo virus infection of

the cricetine rodent Callomys callosus described by

Justines and Johnson (1969). Neonatal infection of
€. callosus by Machupo virus was shown to result in a

persistent infection with viremia and viruria lasting over

5
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a year. Tamiami virﬁs-was shbwn‘bleenningS'and co-

workers’(lé?O) to persist in cotton rats (Sigmodon - ’

hisgidusj trapped in the Everglades region of Florida.

Cotton rats infected in the first few déys of life be-

-came persistently infected,‘but the infection in adults

was readiiy resolved. Murphy and -co-workers (1976)

havé studied the pathogenesis of Tamiami virus infection

iﬁ newborn cotton rats and have demonstrated th;t viral

ahtigens persist long ;ftfr the Qisappearance of

infectious virus from thé_tissgesl' In the Brain? for

example, infectious virus Qagxcleared by 40 days after

infection, but viral antigens were continually demonstrable in the

cytoplasm of neurons for.the duration of the 360 day studyf
Pichinde virus persistently infecfé thg'cricetine

rodent Oryzomys albigularis (Trapido and Sanmartin, 1871).

" Rodents trapped in the wild and held

,capt%vity for
from 111-455 days showed prolonged vifremia in the presence
of complement-fixing but not neutrafizing antibody.

Pichinde virus is apparently intinfately associated with

0. albigularis. Of 220 0. albigularis animals tested,
43 (20%) were positive for virus whereas only 1 of 988
animals of 15 species other than 0. albigularis was '

. ‘
positive for Pichinde virus. Similar host-virus relation-

ships exist for other Tacaribe group arenaviruses
(reviewed by Johnson et al, 1973).

-
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VI. Acute Disease Following Arenavirus Infection

T

A striking contrast to the relatively benign
host-virus relationship in'ggrsistent infection is seen
in acute arenavirus infections. Acute iﬁfections have
been ggﬁorted in the natural host species for LCM virus and
in unnatural hosts for LCM, Lassa, and many of the
Tacaribe group viruses.

Acute infection in the natural host is best

considered with reference to LCM virus disease in the

adult mouse, Mus musculus. Inoculafion of the adult

mouse results in a severerdisease which is usually
f;tal (reviewed by Hotchin, 1962; Lehmann-Grube, 1371).
Lillie and Armstrong (1945) studied the pathology of
acute LCM-infection in the mouse and found generalized
lymphoeytic infiltration.in the viscera and brain.
Kidneys, liver, salivary glands, pancreés, lungs, and
adrenals. were found to be heavily infiltratéd with large
lymphocytes and macrophages after LCM virus infection.
In the central nervous system, the men;nges, choroid
plexus, ependymé, and spinal ganglia were affected.
Maximum infiltfation was found between days 6 and 9 affér
infecticon ana varied soﬁewhat with the route of inoculation.
Wilsnack”and Rowe (1964) studied the histo- |

pathogenesis of acute LCM disease by immunofluorescence.

Virus-specific antigen was found primarily in the liver
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parenchyma, splenic reticulum, bronchi, and alveoli
after intraperitoneal inogulétion. After intra-
cerebf;l inoculation, viral antigen was found pri-
marily in the meninges, choroid\piexus and eﬁendyma.
Antigen was never observed in the neurons. in this
study. e
Damage in acute LCH diéease is due to a cell-
mediated'immune response directed at virus infected
tissues’. Evidence for this phenomenon comes from,
several quarters. Hotchin and Weigand (1961) de- '
demonstrated that pre-treatment of mice with immuno-
suppressive doses-of X-ray precluded the development of
the typical LCM syndrome, but had no effect on virus
replication. Gilden and cofﬁbrkers (1972a)'utilized
cyélophosphamide immunosuppression to induce persiétent
LCM infection in adult mice. Cyclophosphamide treatment
3 days affe?‘infection pfevented the developmént of the

infiltrative diseagse, and yielded chronic carriers with
' -

high brain and blood virus titers for periods exceeding

% 220 days. Reconstitution of such drug-induced carrier

ﬁice with spleen cells from LCM-immune mice initiated
agh$e LCM virus disease (Gilden et al, 1972b). These
worﬁ@rs observed that the development.of fatal chorio-
meningitis after infection was determined by multiple

factors:including the distribution of viral antigen in the

. » . . . .
carrier, level of circulating antigen, and time of cell
. ) o
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transfer after inié&atﬁon of viral persistence. They
were unable to initiate LCM disease by infusioﬁ of
LCM carriers with hyperimmune anti~LCM antiserum.

Oldstone and Dixoﬁ‘(1970a)supplied direct
evidence that acute LCM disease is caused by an anti-
viral immune response. Chronic LCM éarriers were
exposed to LCM-immune lymphoid cells either by cell
transfer from or parabiosis with hyperlmmune syngeneic
donors. Both procedures resulted in the rapid develop-
ment of acute LCM disease in the chronic carriers.

Transfer of anti-LCM antibody to chronie carriers
resulted ln acute necrotlzlng 1nflammatory lesions in
sites of v1ra1 repllcatlon

Acute LCM disease occurs in other species of .\D\“#‘_/"m\
rodents and in man. Lohler et al (1973) demonstrated
widespread inflammatory lesioﬁs in the brains of young
adult rats infected 5-6 days earlier with the WE strain

Nof LCM virpus. Guinea pigs have been utilized by
some workers as a model'fo£ acufe.LCM—virus disease
(reviewed in Lehmann-Grube, 1971).

Rivers and Scott (1935) first isolated LCM
virus from.a case of aSeptic meningitis in a human, and
many similar reports have followed (Armstrong and Sweet,
1939; Scott and Rivers, 1936; Smadel et al, 1942; ¥

Scheid et al, 1956; Baum et al, 1966). In humans,
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the symptoms range.in severity from a mild influenza-
1ike illness (Baum et g;, 1966) to a fatal, febrile
meningitis (Smadel et al, 1942). In man, as in the
adult mouse, the most‘devastating damage appears to be
.the result of the host's own immune response against
virus- 1nfected tissues.

Acute Hemorrhaéic fevers in man are caused
by two of the Tacaribe complex viruses.ﬂ Juﬁin and
Machupo viruses are the etioldgical agents of Argentine
(Parodi et al, 1958) and Bolivian (Johnson.gg al, 1965a) .
hemorrhagic feveré;respectively. These diseases are
severe febrile illnesses marked by hemorrhaglc diathesis
(rev1ewed by Johnson et al, 1973). Histologically,
there are relatively few specific lesions. Small focal
hemorrhages are seen in the tis§ues, and periodic acid-
Schiff positive inclusions are present in liver cells.
The production of a similar illness_in laboratory
animals_by Junin and Machupo has been unsuccessful with-
one exception. The XJ strain of Junin virus causes a
hemorrhagic fever-like disease in guinea pigs (Boxaca
et al, .1961).

Lassa fever virus is responsible for a sevefe
disease charécterized by myositis, myocarditis,.pneumonitis,
kidney involvement and hemorrhagic diathesis. The disease

occurs in the West African countries of Nigeria,
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Liberia, aﬁd Sierra Leone (Casals and Buckley, 1973).
The disease is severe‘and case fatality rates as High
46% have been recorded in some outbreaks. Epidemiological
evidence (Fraser et al, 1974) suggests that the disease
| is less severe among memberéhof the general populatién
ﬂin Siefra Leone than indicated from the previously
reported outbreaks. In these studies 6% of the populations
surveyed had complement-fixing antibkody against Lassa :
virus, but only 0.2% reported recognized disease.
With Lassa virus as with Junin and Machupo viruses,
there is no suitable animal model which reproduces
:%e human disease.
Pichinde virus has been found to infect humiai
exposed in the léboﬁatory tBuchmeier et al, 1974).
Antibody detectablé by coﬁplement fixation was found in
46% of those workers exposed to’ concentrated virus in
the laboratory; No specific illness was.attributable
to Pichinde virus infection under these conditions.
A fundamental difference exists in the patho-
genicity of the Tacaribe complex viruses and that of
LCM virus for newborn mice and hamsters. While LCM
viﬁys infects the newborns and sets up a persistent
. infection, viruses of the facaribe complex ‘are lethal

for newborn hamsters and mice. The basis for this

difference is not well studied, however it can be
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inferred that the lethality of the Tacaribe vitlises

i .

T

may be due to viral pathology and not due to immuno=~
péthological damage.

VII. Immunosuppressive Effect of Arenavirus, Infection

Infection by LCM virus is aécom;anied by
immunosuppression of the'host. Work by Bro-Jorgenéqn
and Volkert (1972a) described “hémopoietic-defects"
manifested by an increased sensitivity to x—rgy in
LCM virus-infected mice. In a subsequent report,
Bro-Jorgenson and Vélkert (1972b) showed that the
defect was trace?ble to a deficiency in pemopoiefic

Fd

colony-forming‘ngm cells in the bone mgg}ow of LCM L
virus infected mice. |

Oldstone and co-workers (1973) examined the immune
responsiveness of mice,chronically infected with LCM .
virus, to a variety of solubIe protein antigens and to
éheep red blood cells (SRBC). Clironically infected
mice were shown to have normal immune responses to SRBC
and to.keyhole limpet hemocyanin over wide dose ranges,
whereas their fesponse to mammalian and avian IgG was
depressed. These workers traced the deficiency to de-'
creased number of antibody forming cells in éhe spleens
of LCM viruse%nfected mice. No differences were noted

in the avidity of the antibody produced or in the

ability of peritoneal macrophages to ﬁrocess antigen.
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’Bro-goggenson and Volkert (1974), studying
- ! N \.Jl‘ .
mice acutely infected by LCM virus, demonstrated that
virus infectien is followed by a period of general

immuhosuppression which developed in the second week

22

after infection and persisted for 2-3 '‘months. Hemopoietic

colony formigg stem cells were inhibited early in Fhe
infectioﬁ, and thymus cells decreased dramatically
during this'period._ These defects were surmised to be
the cause of the immunosupppeésion. Although pre-

existing aﬁtibody forming cells were not affected in

acutely infected adult mice, in newborns the development

of %mmune response to SRBC was transiently:abolished.

These authors suggest that this immunosuppressive effect

exerted by the virus‘plays an important role in the .
establishment of the persistent infection in neo-
natally infected mice.

’ In a subsequent study, Bro-Jorgenson and co-
workers (lQ?Sjlhave measured the plqépe forming cell
responses of LCMV infecfed C3H mice to a variety of T-
cell dependent and T-cell independent antigens, and to
~allografted DBA/2 mastocytoma cells. Responses to T-

cell dependent antigéns were found to be reduced by

92~96%‘fn0m 2-4 weeks after infection. In contrast,

the artibody responseé to Escherichia coli lipopoly-
saccharide, pneumococcal poiyéaccaride and polyvinyl-

/
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pyrrolidone,:B-bell dependent»aﬁtigens, were witﬁin_
normal limits. Cytotexic cell responses against alio—
griafted DBA/2 mastocytoma cells were measurea 1n 33329
by.SICr release Spleen cells from LCM virus-infected
C3H mice previousl§ grafted with 5 X 1U§ mastocytoma
cells were found to be imﬁeired in their ability fo —
lyse Fhe'mastocytoma-qells\ig vitro. - The most'severe
suppressien of cytotoxicity was 6bserved during a period
between 15 and 20 days after virus infection, however
reCOQSry was eot complete.until ug‘daye after infecfion.
\% Persistent infection of the cotton rat by
Tamiamit?irus has Been studied extensiveiy-by Murp;;
et al (1976). These workers observed that Tamiami
virus shows a marked lymphoreticular tropisn/early affer
infection. Peak virus titers and concentration of viral
antigens demonstrable by immunofluorescence were found
in lymph.nodes, splenic white Pulp, thymus, and bone
marrow early after neonatal 1nfect10n of cotton rats‘hlth
Tamlaml virus. Viral antlgen reached peak concentratlons
in these organs 16 days after infection. Peak antigen |
eoncentratlon-was reached in liver at 30 days, and in °
kidneys,-adreﬁal cortex, respiratory tract, and bladder
epithelium at 60 days; well after infectious virus had’

declined in these organs. Production of virus antigen

in 1nfected tissues was qbserved long after the dis-

3
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appearance of infec&ious virus and the appearance of
neutralizing antibédies; Thé relationship bétween the
observed lymphofeticular tropism and virus-iﬁduced
_immunosuppression is obséure at ’is time, however -

s
infection of hemopoietic stem c%izé.may well render
tﬁem-incaﬁable of normal maturétion and differentiation,

the end result of which would be iﬁmunosuppression.

VIII. Purpose of the Study

.The arenaviruses causé an’ important group of
virus diseases of man and animals. ‘Their importance
lies not'only in the immediate and serious public

. t

health threat posed by the hemorrhagic fevers, 'but
also in iheir potential as models for the gtudy of
persistent §irus—host interactions in vivo.

The present studies wére undertaken in order
to supply basic'information ipto the structure and -
replication of the érenaviruses, théir‘antigenicity,
and theirpathogenicity in laboratory animals. This
information will be essential in . understanding “the means
by which persistent infections are estabiished and
maintained, and in detérmining the mechanisms involved

in the pathogenesis of both chronic and acute arena-

virus disease. It is hoped'thaf the eventual un--

"
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raveling of the puzzle posed by persistent infection will

contribute significantly to the understanding of chroniec

and acute human disease of putative virus eticlogy.

Pt



cultured at 37°C.. Medium was changed after the first

MATERIALS AND METHODS

I. Cell Cultunz and Virus Growth

A. Ceil Qniture

BHK,, and Vero cell lines were grown in
stationary or rolling monolayer cultures in plastié
flasks (Corning). Cells were grown to confluency
using Eagle's minimal essential medium (MEM) supple-
mented with 10 mM glutamine, 0.075%.NéH003, 10 mM
hydroxyethylpiperazine N'-2 ethansulfonic aéid pH 7.4

(HEPES), 100 units/ml penicillin and 100 pg/ml strepto-
,‘ .

mycin, and 10% heat inactivated fetal calf serum.

After infection, confluent monolayers were maintained
on MEM as above but with 0.15% NaHCO, and 2% fetal
calf serum. |

Primapy kidney cells were cultﬁred from minced,
trypsinized kidneys of three day old aﬁd adult hamsters.
The cklls were seeded into 25 cmz plastic tissue culture
flasks and maintained on MEM supplemented with 10% heat

inactivated fetal calf serum. Flasks were seaied and

~

24 hr of incubation, and cells reached confluency 2-3

days after seeding.
Peritoneal exudate macrophages were obtained
from animals stimulated 72 hr earlier by intraperitoneal

(i.p.) injection of 5 ml of sterile mineral oil. Cells

25



were harvested aseptlcally by washlng the peritoneal
cavity repeatedly with Hank's balanced salt solution
(HBSS). The harvested cells were washed\thce with

HBSS and counted in a hemocytomgter.?_fhe cells wefe
infected in suspénsion with 1-3 PFU éf Pichinde virus

per viable nucleated cell. Adsorption was for 60 min

at 4°C after which the cells were washed with, and

resuspended in MEM.supplemented with 10% heat-inactivated

fetal calf serum. The resuspended cells were seeded
into glass tissue culture tubes at a density of 2 X 10
cells per ml in a volume of 1 ml. Incubation was at
37°C in an atmosphere of 5% co, |

B. Virus‘Séurce and Propogation
T

" Pichinde virus strain AN3739 was originally
: l
isolated from the blood of an Oryzomys albigularis

L}

rodent in the Pichinde valley of golombia by Trapido
and Sanmartin (1971). The virus had been passaged 12
times in baby hamster brain prior to its receipt and

was subsequently passaged 3 times in Vero cells and k- 6
times in BHK21 cells. Virus assays were performed on
monolayers of Vero cells in 60 mm plastic tissue culture
dishes as described elsewhere (Mifune et al, 1871).
Virus and infected cells were obtafned from monoiayer
cultures of BHKzl cells grbwn in disposable glass or

piastic roller bottles. When confluent the monolayers

26
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pellet was resuspended at 20% vol/vol in cold BBS for

27
were infected at a'hultiplicity of infeétion (MOI)
of 1-3 plaque forming Qnits (PFU) per cell by adding
2-4 ml of aﬁpropriately diluted stock Qifus'to the bottle.
Adsorption ywas for 60 min at 37°C. .Monoléyers were then
washed once with phosphate buffered saliné, pH 7.4
(PBS) and approxima%ely 60-80 ml of maintenance medium‘
were added. The bottles,ihfected in this manner were
incubated at 37°C with rolling gt 1.25 re§olution$/min
f;r 48~72 hr prior to harvesting uifus and cells. Virus
was harvested and purified as previously described
(Ramos et al, 1972; Carter et al, 1973 Rawls and
Buchmeier, 1975). Cells were washed once in situ with
ﬁorate buffered saline, pH 8.0 (BBS), thén scraped into

cold BBS with a rubber policeman and washed twice more

by centrifugation. Following the second wash, the cell

antigen extraction. Cell suspensions prepared in this
manner were stored at -50°¢ prior to use.

Isotopically labelled virus and cells were
prepared utilizing 5.0 uCi/ml 3H--L—amino acid mixture

or 0.5 uCism1 1%

C~L-amino acid mixture (New England
Nuclear Canada, Montreal). In some’ instances SH-
glucosamine-HCl (New England Nuclear, Canada; spec. act.
5-15 Ci/mmol) was used at a concentration of 5 uCi/ml to

label viral glycoproteins. The cells were overlaid

with maintenance medium containing the radiolabel 24 hr
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after infectién,'and the virus énd cells were harvested
‘Hé;hr later (72 hr after infection).

‘ Actipomycin'D (Calbiochem) was obtained in
lyophilized form and reconstituted with MEM prior to
use. Maintenance medium containing tﬁe drig at con-
céntrations indicated in.the text was added ta virus-
infected cell cultures aftéb adsorption. The culture
bottles were wrapped in aluminum foil prior to incubation
to prevent breakdown of the drug..

C. Soluble Antigen Extraction

Suspensions of infected cells prepared as

described above were frozen and thawed twice to lyse

L

- .

the cells, then subjected to three 1 minute cycles of
sonication at maximum power (Bronwill‘Biosonik IV) in
a cup-type chamber with cooling on iée be%ﬁeen cycles.

The sonicated : lysatés wefe then ceﬁtrifuged
.at 12,000 x g for 30 min and the pellet was discarded.
The supernatant material was used where indicated as
a source of antigen for immunodiffusion or complement
fixation (CF) tests. Where further clarification of -
. antigen was required; the supernatant from the 12,000 £ E
centrifugation was centrifuged at 100,000 x g for 60
min and the’pellet again discarded. The material re-
maining in the supernatant contained the soluble antigens

detectable by complement fixation and immunodiffusion.
‘ -
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II. Immﬁnological Methods

.A. Antisera

Immune sera against Pichinde virus were

raised in LVG/Lak strain golden Syrian hamsters and

in Hartley strain and random bred guinea pigs obtained

locally. The animals were infected by ‘intraperitoneal

- inoculation of 2.5 ¥ 10L+ PFU of stock virus diluted’

in Hank's balanced salt solution. The animals were

bled by cardiac puncture at u'and,5 weeks aftér'infection
and the sera obtained from these bleedings were poocled
and stored at -$D°C in small aliquots. These sera will
be referred to as Pichinde-immune hamster or guinea pig

sera.

Hyperimmune antisera were prepared by immunization

of mice and hamsters with suspensions of virus-infected

suckling mouse or hamster brain, respectively. One tg
two diy old. suckling mice and hamsters were infected

by subcutaneous inoculation of approximatelj 1000 PFU of
stock Pichinde virus, and their brains were harvested

8 days later when the disease was acute. Ten percent
w/v suspensions of homogenized bréin were prepared in °

saline and clarified by centrifugation\of 2500 RPM for

20 min. The clarified supernantant was mixed at a 1l:1

ratio with complete Freund's adjuvant (Difco) and
\
emulsifged by repeated passage between two 10 cc glass

syringes linked by a double hub 18 ga. needle. Adjuvant

-
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was judged to be satisfactory by placing a drop in

a beaker of water. If the drop did not spread, the
adjuvant was ready to use. This material was used to
immunize adult mice or hamsters according to the .

following schedule:

Déy'O - 0.1 ml of adjuvant in hind footpads
(0.05 ml/footpad)

Day 7 - 0.1 ml of adjuvant in the thigh muscle-
Day 14 - 0.1 m) of adjuvant subcutaneously

Day 21 -0.1 ml of 10% brain suspension I.P.
E without adjuvant

Day 35 - animals were exanguinated.

New Zealand white rabbits were immunized by

a single intravenous injection of 1 ml of purified

Pichinde virus.. This dosage represented approximately

10g PFU of infectious virus. The rabbits were bled

weekly as described in Resuits.'

Antiserum to partially purified antiéen was
prepared by first processing the antigen as will be o
described!éubsequently (Figure 1) and injecting the
partially-purified material into guinea pigs. The pea£
antigen containing fraction from an isoeiectric focusing
gradient was dialyzed for 48 hr égainst several éhanges
of PBS and:then emulsified in complete Freund's
adjuvant as.déscribed above. One half milliliter of this

material containing approximately 50 ug of protein was



10% V/V SUSPENSION OF PICHINDE VIRUS

INFECTED BHKZl CELLS

FREEZE THAW TWICE

SONICATE - 3 1 MIN CYCLES

CENTRIFUGE 60 MIN,-100,000 x g

SUPERNAJX;;‘EﬁﬁfH““ibPEh?ET

'DISCARD

CENTRIFUGE ON S-QL% FREPARATIVE
SUCROSE GRADIENT - COLLECT
FRACTIONS AND POOL THOSE

CONTAINING ANTIGEN PEAK

¢

ISOELECTRIC FOCUS ON pH 3.5 - 10

GRADIENT - POOL FRACTIONS
CONTAINING HIGHEST ANTIGEN CON-
CENTRATION

DIALYSE "AGAINST PBS \

EMULSIFY IN COMPLETE . \\
FREUND'S ADJUVANT \
‘¢ \
\
IMMUNIZE 3 GUINEAYPIGS WITH 2 \

DOSES EACH AT 14 DAY INTERVAL- | |
BLEED QUT AFTER 24 AND 34 DAYS ‘

GUINEA PIG ANTISERUM
AGAINST MAJOR (CF) ANTIGEN

H

Figure 1l: Flow chart of metkhods used to obtain
- antiserum against partially purified

Pichinde virus complement fixing antigen.
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inoculated into ‘several sites in the thigh Aﬂscleé

of each of 3 guinea pigs. The animals were boosted

1y dayé lateér with a second dose. Ten and 20 déys
following the final inoculation the animals were bled
by cardiac puncture.’

Antisera were raised to components of the
virion. Appreciable quantities of virus were purified
as described by Ramos et al (1972). The purified virus
was divided into 2 aliquots at a 1:2 ratio and the smalleﬁ
aliquot was held on ice. The lafger aliquot was ‘ :
adjusted to a 0.2% Vol/Vol NP-u40 (a gift of Shell 0il Co.),
vortex' mixed, and incubated at SWOC for 45 min. The
samples was then centrifuged for 2 hr af 100,000 x g
and the resulting pellet and éupernatant were collected
and aliquots of all sampleg were tested for infectivity
in Vero cells. The untreated virus sample contained
in excess of 1010‘PFU/ml while no ihfectious virus was
detected in the pellet or the.supernatant of the
treated sample. The 3 éamples were emulsified in
complete Freund's adjuvant and used to inoculate 3 groups
of é guinea pigs each. At 3, 6 and 9 days after inoculation
2 guinea pigs in each group were sacrificed and

samples of blood, liver and kidney were examined for
infectious virus. Only those animals receiving untreated

virus contained detectable amounts of infectious virus



\ in the blood. The remaining 2 animals in each group

were bled at 21, 28 and 36 days after iﬁoculation.

B. Complement Fixation Tests
Complement fixation (CF) tests for d;tection of
antigen or antibody were carried oufxin microtiter as
previously described (U.S. Dept. H.E.W., 1969). For
detection of antigen a constant'dilution of 1:100 of
heat-inactivated (SGdC, 30 min) Pichinde-immune hamster
serum was used. This dilution contained § or more CH50
units of compléﬁent fixing antibody. Antigen endpoints
were corrected for dilution factor inherent in the test
procgdure and the corrected values were used in ecal-

culation of antigen units per milligram of protein.

C. Immunodiffusion

Immunodiffusion was carried.out on 25 X 75 mm
microscope slides. The slides were pre-coated with
1.0 ml of an 0.5% solution of purified agarose {(Sigma)

prepared in distilled water then dried. Immediately

33

prior to use the slides were coated with 2.5 ml of molten

3" Wells were

punched using a template and reagents were added to the
1

wells. The slides were incubated for 72 hr at room

-1% agarose dissolved in BBS with 0.1% NaN

temperature in a humid chamber, then washed for 5-7

B

days with daily changes of 0.15 M NaCl in the cold
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followeé by a.2\hr rinse in distilled water. The
rihsed élides W;EF then air dried and stained with
0.25% coomassie b;illiant blue R-250 (BioRad) in
methanol-water-glacial acetic acid (45:45:10).
Destaining was carried out iﬁ the same solvent without
dye for 15;30 ?in'as required to clear background.

luC labelled immuno-

Autoradiography on dried, stained
diffusion slides was done by attaching the slides to a /
shgét of Kodak No-screenR x-ray film and exposing for

4 weeks.

D. Immunofluorescent Staining

Indirect immunofluorescence tests of sera were
carried out on Vero or BHK21 monolayers grown on cover-
slips. The monolayers were infected at a MOI of 1-3
PFU/cell andkused 24-48 hr aftef infection. Coverslips
Wwere prepared for internal staining by thrice washing
with PBS, air drying and fhen fixing the cells for 10 min
in cold acetone. Cells were reacted with test serum for
30 min at 37°C then washed three times and reacted with
fluorescein isothiocyanate (FITC) conjugated goat-anti
guinea pig IgG (Cappel Laboratories) foxy an additional |
30 min at 37°c. Following fhe second incubation, the

- : :

coverslips were washed twice with PBS #hd once with

distilled water then mounted in buffered glycerol, pH 8.

te

-
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Surf;pe immunofluorescent stéining of mono-
layers on coverslips was dbne by a previously described
method (Rutter and Gschwendér, 1973). Briefiy, mono-
layers of Verc cells ;ere washed, reacted-for 15-30
min with test serum at ZOOC, then washed free of test
serum agd fixed with ice cold phosphate buffered
formalin (pH 7.3) for 10 min oﬁ ice. Residual formalin -
;was washed off the coverslips and then FITC conjugated
}goat anti-guinea pig IgG or rabbit anti-hamster IgG .
was reacted with the cells for 30 min at 20°C. The
coverslips were then washed and mounted as above.
‘ , Surface antigens were also detected using.cells
which had been monodispersed with trypsin. The“trypsin~
ized cells were washed once with PBS containing 2% fetal
bovine serﬁm which had been heat inactivated, and aliquoted
into 12 X 75 mm glass tubes at 1 X 105 cells/tube. = The
cells were reacted for 30 min at 37°C with FITC conjuggted
globulin from hamsters immunized with Pichinde virus,
washed 3 more times, and mounted in buffered glycerol on

microscope slides.

: "
Direct immunofluorescent staip%ng of acetone

i

("1".3‘ ki .-
fixed coverslip meonolayers was performed using ap FITC
conjugated globulin from Pichinde virus-immune hamsters.
The conjugated globulin was reacted with the cells for

30 min at 37°C. The coverslips wére then washed three

il

>,
S
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t%ﬁﬁs with PBS and moﬁhfed as ab&ve.

All immunofluorescent stains wefe examined
using a Léifz-OptholuxR fluorescent microscope equipped.
with an HBO-280 mercury bulb, BG-38 and KP-430
excitation fiiters; and ;:K—Slo or K;Séo barrier
fiiter, Observationé were cafrigd out utilizing
reflected incident light. Photographic expdsures,
of 1-3 min were made using Kodak Ekta hromeR film

(ASA 160).

E. Antibody Binding Assay

- Surface antigenslwere detected by 1251 IgG
binding to viable, suspended cells. H;mstef IgG was
purified by 3 pfegipité%ions with saturated.(NHu)ZSOu
at ‘sb%,‘uO% and 35% saturation followed\ﬁy %Qn
exchange chromatography on a DE-52 DEAE cellulose
Solumn equilibrated with 0.05 M sodium phosphate
bufféerH 7.4, The first protein peak eluted was shown
by immqhbelectéophoresis to contain only IgG. This
peak was poofed.apd é0ncentrated to 4 mg/ml protein.
Aliquots of ud ug were i9diﬁated.using the chloramine-
T ﬁethod of Greenwood et al (1963). The iodinated IgG T
was passed through a G6-25 Sephadex column to eliminaée
125 ' '

unbound I. The iodinated igG was usually used with-

out further dilution on the same day.

[
’ ) A
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The cellsrweﬁe monodispersed‘with trypsin
. and aliquoted intd siliconized 12 X 75 mﬁ tubes at
1 X 106 cells per tube. 'The cells werefﬁelleted at
1000 RPM for'3 min, the supernatant drained from the
tubes, and 50, ul of 2?51 1abelled 146 added. After
30 min at 37°C the cells were washed § times with
PBS contalnlng 2% heat 1nact1vated fetal calf serum.
Before the final centrlfugatlon, the resuspended cells
‘were transferred—to new tubes and after the cells were
pelleted, the supernatants were removed and the radio-
act1v1ty remaln?ng with the cells was determlned using
a Beckman automatic gamma counter. s
III. Blophy31cal and Blochemlcal_Methods

A. Gel Filtration

Analytical’gel filtration on SephadexR G-200

(Pharmacia) was ®arried out at room temperature in/a
{ ' I
1.5 X 55 ¢m upward flow column eluted with BBS pH

8.0 cbntaining 1:4000 NaN The  hydrostatic head

3°
pressure was held constant at 11 ¢m of water and the

flow rate was 12 ml -per hour. Void volume and total
volume of the column were datermined by chromatography ¢
of a mixture of 0.1% blue dextran (Pharmacia) and 0.04
mg/ml ribbflaﬁin (Eastman). Marker proteins of known
molecular weight (Schwarz-Mann) were utilized to calibrate

'the column for molecular weight estimatian. Antigenic

activity eluting from the column was determined by CF .

a
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test and by immunoddPfusion.

Preparatlve gel filtration of material harvested
from iscelectric focusing gradients was carried out
using BiogelR P-100 or P-200 columns (Bio-Rad). A
2.5 X 90 em column was poured and equilibrated with BBS
pH 8. 0 with 1:2000 sodium azide. Four to five milli- .
}1ters of pooled material was made 10% in glycerol and
applied to the column. Elution was atla‘rate of 12 ml/hr.
Antigenic activity was detected by CF and immunodiffusion»

B. Density Gradient Centrifugation

Ratg/zonal sedimentation was carried, out
in 5-20% w/v sucrose density gradients} The
gradients were prepared in 0.1 M-tris-hydroxymethyl
amino methane (TRIS) buffer pH 7.4 and were formed with
the aid of a gradient making device (Buchler) Centri-

fugation was for 20-22 Ar at 35,000 RPM (éﬁ-ul Beckman
P .

rotor or SB—283fIEC rotor) at 4°C. Fractions were

125I

collected by bottom puncture and the position of
. labelled protein markers was determined with & gamma
counter. Marker proteins were also located in the
harvested fractions by immunodiffusion using specific '
antisera against the individual marker proteins. >
Sedimentation values were estimated by the method of

\

Martin and Ames (1961).
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: Preparative‘rate zonal sucros§ gradients were
utiiized in purification of viral antigen. Twelve T
milliliter, 5-20% v/v sucrose gradients were made 1in
cellulose nitrate tubes, and 1-2 ml of. sample was
layered on top of the gradient. The gradients were
centrifuged for 22 hr at §5,000 RPM.at a temperature
of 4-5°C. TFractions were collected by bottom puncture

and the anfigenicity was determined in each fraction

by complement fixation and immunodiffusion.

C. Isoelectric Focusing
}‘ Iscelectric focusing was done in a 110 ml glass

column (AmpholineR, LKB). ‘Two percent AmpholyneR carrier
amphélyte (pH 3.5-10) waé used in a 0-46% w/v sucrose
gradient. Samples were prepared for isoelectric focusing
by dialysis ovefnight againét 100 vol of 1% glycine

at 4°c. fypigally, 10—15 ml of dialyzed sample was used
to replace an equal volume of water in preparatién of the
less dense sucrose solution. A gradient was formed using
a mixing device (LKB) to mix the more dense (46% w/v)
and less dense (0% w/v) sucrose solutions forming the
sucrose gradiént. Anode and cathode electrolyte ;
solutions were 1% HzSO,4 in 60% w/v sucrose and 2%
ethylenediamine in water. TFor the broad pHArange

(3.5-10) gradient, voltage was regulated at 300 V for

the first 24 hr then increased to 500 V for an additional
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48 hp. Teﬁperature was maintaired at 5°C using a
refrigerated circulator (Lauda K 2/R). At the
termination of the electrofocusing run, the anqde tube
was pluggéd.and the gradient pumped out at the rate of
80 ml/hr with a peristalti¢ pump. Fractions of 2.5 ml
wére collected and the pH determined at $°c using a
Radiometer pH meter equipped with a-microelectrode.
Viral proteins were liberated from purified
virus disfupted by treatment with 2% NP-40, ethyi
ether and RNase (50 ug/ml). Typically, a solufion con-

2% in NP-40 then extracted twice with 1 of

taining 1-3 mg of purified virus protii:;zas adjusted to
'anhydfous ethyl ether. After blowing off the residual
ether with nitrogen gas, ribonuclease-a (Sigma) wés added
to a concentration of 57 ﬁg/ml and the mixture was-
incubated' for 30 min at 37°C. Disrupted virus‘obtained
in this way was incorporated into a pH 3.5-10 gradient
and electrofocused as described above with thg excepfion

thaF 0.1% NP-40 was added to the sucrose sclutions.

D. Polyacrylamide Gel Electrophoresis

Polyacrylamide gel electrophoresis in gel columns
was carried out as previously described (R#mos et al,
19f2) using the discontinuous buffer system originally
described by Laemmli (1970). For optimal separation of

virion polypeptides, 15% i?rylamide gels containing 0.2%

-
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SDS and 0.5 M urea wére used. Gels were sliced into

1l or 2 mm segments using a Gilson automatic_gel
fractionator and the radiolabelled polypeptides ;ere
eluted from the segments into 0.3 .ml of solubilizer
(10% Beckman BBS-3 in water). After 4-12 hr at room
temperature, é ml of séintillation filuid coﬁsisting of
toluene, Fluoralloy-—TLAR (Beckman) and 10% BBS-3 was
added, and the fractions were counted in a liquid
scintillation counter. 1In gels where double labelling
was employed, 3H-counts per minute were corrected for

1u

spillover from the C-channel, and the corrected CPM

plotted.

Slab gel electrophoresis was carried out using
the discontinuous SDS-éystem‘described by Laemmii (1870)
without modification. Ten to fifteen percent gels were
electroﬁhoresed OVernight at a constant potential of ‘
100 V at 22°C. Gels were stained at 0.25% cooma351e
brilliant blue R-250 prepared in methanol, glac1al
acetic acid, and water (25:7:68) for 2-3 hr at room

temperature then destained in the same solvent without

dye.- Radioactivity was detected using the fluoroauto-‘
grapﬂy method of Bonher a?d Laskey (1969). Exposures of
dried, PP0O impregnated gels were carried out at -70°C for
7-14 days to detect 3H and u-=7 déys to detect 1uc. Films

: . R . € i
were processed in a Kodak X-omat™ automatic processor.
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E. Protein Determination

Protein concentrations were estimeted by
th method of Loﬁry et al (1951} using bovine serum
albumin das a standard. Where direct performance of
Lowry protein determlnatlon was impossible due to
interferring components in the sample (i.e. electro-
focusing ampholyte or NP-40), the protein was precipitated
with 15% trichloroacetic acid (TCA) overnight on ice,
and the precipitated proteins re-dissolved in 0.1N
NaOH or 1% SDS and used for‘Lowry protein determination.

IV. In Vivo Biological Methods

A. Animals

Hamsters used in this study were obtained from
Charles River/Lakeview. Strains used included LVG/Lak
random bred and MHA/Lak, LHC/Lak,'CB/Lak, PD*U/Lakland
LSH/Lak inbred hamsters.“ Adult animals were obtained
- at 5-9 weeks of age, and used at S—i?lweeks of age.
Pregnent females were obtained at 12-13 days of gestation
and litters usually were born on the 17th day. Newborns
were used in the first 72 hr of life unless otherwise
indicated. Suckling hamsters were inoculated sub- )
cutaneously on the back with 0.05 ml of virus dilution.
Observations for illness and death were made daily
starting on the second day afteflinoculation. All were
housed in wire topped polycafbonate cages end fed Purina

\J

Chow and water ad lib. ~ 4
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_foung adult BALB/C mice were-obtained from
Texas Inbred Mice. Pregnant female BALB/C micé were
obtained Seve:al aays prior to littering.. The youﬁg
were inoculated subcutaneously on the back with 0.05 ml
of virus dilution.

B. Cyclophosphamide Treatment

Cyclophosphamide (ProaytoxR,‘Hornef Ltd, Montreal)
was prepared at a concentration of 10 mg/ml in saline
immediately-prior to use. Hamsters wefe treated 3 days
after virus infection by i.p. injection of 100 or 150 mg/
kg of cyclophosphamide as indicated in the text. Non-

infected drug control hamsters included in each experiment
revealed no lethality due to cyclophosphamide treatment
alone.

C. Tissue Virus Assays - .

Infectious Pichinde virus in the blood and organs
of infected hamsters was quantitated -by plaque assay e
(Mifune et al, 1971)}. Solid organs were weighed, then
greund in a mortor with sufficient MEM to make a 10% w/v
suspension. The suspension was clarified by centrifugation
at 1500 RPM for 15 min, and the supernatant fluid was'~
titeréd. Titers were expressed as PFU per gram of sélid
organs or PFU per milliliter of serum or blood. All

samples were held at -85°¢ prior to titrations and groups

of samples of a single organ were assayed in the same
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1'titration.

V. Human Populafion Study

é total of 44 persons—from the Départments of
Virology énd Epidemiology,ahd M;croﬁiplbgy, Baylor
College of Medicine, Houston, Texas,were studied. Two
or more serum samples were analyzed from 35 persons and
single serum samples were analyzed from 9 persons.’

Based on their potential exposure to Pichinde virus,
these:individuals were categorized into risk groups. .
Individuals of high risk were those actually working with
Pichinae virus, whereas inaividuals of moderate risk were
those wérking in the same laboratory area but not with
the virus. Low risk individuals were those working

with viruses other than Pichinde in different'laboratory
rareas of the same building. None of the persons studied
were:exposéd"to other members of the arenavirus'group
which share cross-reactfhg antigens. Sera were collected

between March 1972_§hd November 1873. The éingle serum
- ) ’ N

samples were all collected in Qctober, 1973. All seré

., were coded prior to testing and the code was not broken

~

until the results were recorded.
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- RESULTS

I. Susceptibility of Unnatural Hosts to Infection

by Pichinde Virus

Initial surveys by Trapido and Sanmartin
(1971) suggested that Pichinde virus was not hazardous
to humans. In addition, the virus appeared to have a
limited host range specifiéitj/in its natural ecological
settiﬁg. _To substantiate these obs;ryations, the immuqel

responses of several laboratory animal species to

Pichinde virus infection were examined.

A. Immunization of Laboratory Animals with Pichindg
Virus
The fﬁrst methéd of iﬁﬁunization which was

attempted was that of intravenous injectdion of
quantititieslof’purified Pichinde virus into rabbits.
Antisera raised in this way were potent, and CF antibody
titers in the range of 1/128-1/256 were obtained. A
serious drawbgck’of antisera raised in this way was
their contamination with antibodies to components of
BHK21 cells. Figure 2 shows;the‘rise in virus specific
and non-specific CF antibody titers in one rabbit
(V0-105) after a single intraVeﬁous injection of purified
Pichinde virus. The nonspecific antibody titer increases
along with the specific titer. Immunodiffusion analysis

46



Figure.Z

Complement-fixing antibody produced by a
rabbit after a single intravenous injection with
purified Pichinde virus. Antibody titers determined

against antigen extracted from virus infected

( ©—0O ) and control ( &4 ) BHK,, cells are shown.

|

4
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CF ANTIBODY TITER
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64
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WEEKS AFTER INOCULATION
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of the a?tiserum showed two precipitin bands which
were speéific for virus infected cells, and one.ceil
épecific band. Indirect immunofluorescent staining of
Pichinde virus infecteé cells with rabbit antiserum
yielded a granular pattern of,cytpplasmic fluofescencJ
superimposed on a diffuse background staining. Staining {
of non-infected control cells yielded‘only the diffuse
background staining. o /
More specific, though not complefély suitable,
antisera were raised by a method used Fxtensively by
ﬁébb and co-workers (1970). WNewborn mice and hamsters,
bofh'susa$tible to lethal Pichinde virus infeetion,
were infected ;nd allowed to become acutely'ill. Brains
were removed 8 days after infectidn éhd.a sﬁspension.
prepared and incorporated into complete Fréund's
adjuvant as described in Hateriéls and Methods. The
immhnogens were used to inoculate adult mige and haﬁsters,
respectively, and sera obtained two weeks after the final
inoculation were pooled. Téble IT summarizes the results
- of CF and immuxﬁiffusion analyses of these sera.
nSpecific CF antibody titers were high, but the hyper--;
immune sera were often anti-complementary in our hands.
A third, more‘successful approach to antiserum
production was that of direct infection of adult

B

hamsters and guinea pigs with 2 X 10u - 1 X 10" plaque

forming units' (PFU) of Pichinde virus grown in BHKzl cells.



 TABLE II
ANALYSIS BY.COMPLEMENT FIXATION AND IMMUNODIFFUSION
OF HYPERIMMUNE HAMSTER AND MOUSE ANTISERA RAISED BY

INOCULATION OF VIRUS- INFECTED HOMOLOGOUS BRAIN SUS—

"PENSION IN ADJUVANT . /f

) CF Reactivity 'Ip! Bands

Source B Virus- Anticompl.3 Major Minor
~ Specific ‘

Hemster 1:2048 1:32 ow(iint -
(Pegl of 12)
Mouse —
(Pool of 30) 1:160 l:4- +(1:8) +(1:1)
1

ID = Immunodiffusion bands when tested against a
- single dilution of a soluble extract of virus
infected BHK21 cells.

Titer against soluble extract of virus infected cells.

Anticomplementary titer = Highest dilution of antiserum ;
fixing complement in the absence of antigen.

+ Denotes presence of immunodiffusion band. Number
in parentheses is highest dilution of antiserum
giving positive reaction.

o
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Hamgtefs infeéted iﬁ this manner responded with the
production of CF antibody which titered in the'fahg;
of 1/512 to 1/1024 and occasionally higher, The anti-
body.éfpeéréd between 7 and 14 déys after infect%oh and
reached peak titers at 21-28 days (Figure 3). Contfol
?nfi—BHK and anti-fgta} cai{,serum tests were neéative;
and these sera were not anticomplementary at a 1:2
dilution. Sefa‘obtaiped in fhis manner were routinely

used at a dilution @¥A:100 for the detection of antigen

+

by GF.

Immunodiffusion bands obtained using immune and c
hyperimmune'hamster,séré were notqsﬁarp endugh for
resolution of multiﬁle antigeni% sﬂedieé. For this N
pupposé, Pichinde -immune guiqea pig senum.faised‘by a

single infection of 2-3 X lOu

'"PFU of tissue culture
obtained virus-was used. This serﬁm,harwmtai S_wegks
after infection yieldéd two sharp virﬁs—spedific‘
ﬁrecipitin bands when tested against lysates of cells
infected with Pichinde virus (Figure 4). These bénds
were shown by immunodiffusion to be identical to the

virus-specific precipitin: bands detected by the pre-

viously described rabbit antiserum.
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Figure 3

Complement-fixing antibody titers in adult

LVG hamsters aﬂter 1nfectlon wlth Pichinde v1rus.

-30 adult LVG hamstérs were infected by intraperitoneal

inoculation of 2.5 X 10 PFU of Pichinde virus, and
groups of 7-12 animals were bled and their
virus-specific CF antibody titers determined. Each

point represents an individual serum sample.
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Figure 4

Immunodiffusion reaction between serum from
Plchln&b virus-immune gulnea pigs and soluble antigen
prepared from virus-infected and control BHK21 cells.
The wells contain the following: (A) soluble antigen
from virus infected cells; (AS) the peak antig;n-..
containing fraction from a 5-20% sucrose'density
gradient centrifugation pun of soluble antigen from
virus-infected cells; (C) soluble antlgen from non-
infected BHK21 cells; (CS) the fragtions correspondlng
to AS above, from a 5-20% sucrose gradient centri-

fugation run of control cell extract. The center well

(S) contained antiserum from Pichinde virus~immune

-
-

guinea pigs. - g
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B. Pathogenesis of Pichinde Virus Infection in

Hamsters

1. Susceptibility of LVG and MHA Hamsters to

Lethal Infection by Pichinde Virus

Adult hamsters of the LVG and MHA strains were
found to differ in their susceptibility to lethal
fnfegtion by Pichinde virus. Animals of both strains
were‘susceptible as neonates, but LVG hamsters became
resistent t§ lethal infections between 6 and 8 days of
age. Figure § shows mortality curves generated when
LVG hamsters were infected at 0, 4,-6 and 8 days of
age with 500 PEFU of Pichinde virus. The animals were
found to be uniformly suscqgtible if inoculated in the
first 6 days of life, but ;Lsistent if inoculated later.
MHA hamsters (Figure 6), in contrast, were found to be
susceptibie to virus doses as low as 35 PFU at 7 weeks of
age. |

Investigation of the acqpysition of resistance in

LVG hamsters revealed that with increasing age at the time

of infection, virus replication was limited. Table III

summarizes the virus titers reached in kidneys and brains

of LVG. hamsters 4 and ¢ days after the animals had been

infected with identical virus doses at 3 and 6 days of
1ife. Note that without exception, the highest titers

were reached in fhe youngest animals. Table IV shows



- Figure 5

Mortality among LVG hamsters after Pichinde
virus infection at various ages. Hamsters were
ihfected by subcutaneocus ihoqplation of 500 PFU of
Pichinde virus on days 0 (Q=—Q ), & ( O=D1 ),

6 (&—A ), and 8 (O~ ) after birth, then ob-

served daily for death.
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Figure 6

Mortality among adult MHA hamsters after
intraperitoneai infection with various doses of
Pichinde virus. Virus doses used were: ( O—0 )
3.5 X 10% PFUy ( A—& ) 3.5 X 10" PFU; ( O~ )
35 PFU per animal. |
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TABLE. III

PICHINDE VIRUS TITERS IN KIDNEY AND BRAIN 4 AND §°
DAYS AFTER INFECTION OF LVG HAMSTERS AT 3 AND 6

DAYS. OF AGE
o Virus titert
Age at Inoculation ~ Day L2 _ _ Day 9 -
(days) Kidney Brain -~ Kidney Brain
3 6.2 3.3 7.1 - 7.25
6 | 4,9 <1 6.6 6.0
©g,o Vvirus titer in PFU/gram.
2 Day after inoculation.
. .
\ .
~



TABLE IV @

SERUM TITERS OF PICHINDE VIRUS AFTER INFECTION OF LVG
HAMSTERS AT VARIOUS AGES

Virus titerl

Age at Inoculation . Day u2 Day 8

3 days 5.8 8.4

6 days 3.5 5.3

12 days 3.2 4.1

Adult (>30 days) 7 “ 3.0 <3.0
1

Log10 virus titer in PFU/ml.

2 Day after inoculation.
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blood virus titers in hamsters which were 3, 6 and 12

days old at the time of infection compared witﬁ animais
inoculated as adults. Again; the Vi?us titer is highest .
in the youngest aniﬁéls and lowest in the adults. Titers

ére seen to increase between U4 and 9 days after infection

in the 3, 6 and 12 day old animals, wﬁéle decreasing during

- this period in adults. - . : -

2. Virus Titers in Organs after Infectlon of LVG and

MHA Hamsters

A possible explanation for theaincreased
susceptibility of MHA hamsters is the fallure of these
animals to successfully 11m1t virus replication. /To
) exam%ne this possibility, adult MHA and LVG hamsters
were infected with identical doses of Pichinde virus,_
then virus titers in various orgéns'were‘coﬁpared at
intervals- after infection. Figure 7 illustrates the
kinetics of viremia observed in these animals. The serum
virus titers rose in parallel until 4 days post- 1nfect10n
after which serum virus titers of MHA animals continued
to 1ncrease and became more than 5 logs greater than
those of the LVG animals at 8 days after infection. A ° //\
comparlson of virus titers in various other organs of

the two strains of hamsters can be made from the data

presented in Table V. 1In all of the organs tested



P

|
Figure 7 - : S
Viremia in MHA and LVG hamsters after
Pichinde virus infection. The hamsters .were in-
fected with 2 X 10° PFU of Pichinde virus intra-
peritonealy, and two animals were tested at each

4,

time indicated.

v’
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o S mamE V.

‘PICHINDE VIRUS TITERS IN'VARIOUS ORGANS OF LVG AND
. MHA HAMSTERS AFTER INFECTION"

. [y
N . .
C— .
. - .
- .
]

T |

‘ Hamster Day After Inoculation
Organ © Strain 1 %8 n 15
- —_— - _— N
Blood MHA ol 3.2 8sa 7.2 NT?
. oo
* (serum) v~ 0 - 3.1 2.3 1.5 NT
Kidney MHA .0 6.7 8.4 . 28,0
we o “; 2 .= WS
Spleen " MHA 0 -—— 8.0 8.1 8.4
W6 0 5.65 6.4- 2.5 2,7
Brain  MHA 0 === 5.6 6.62 AT
LVG 0 < < < - N7 .
. ‘ o i
1 Logyg bvirus titer in PFU/ml of/serum ar PFU/gram .
of solid organs. -
AT - Not Tested. Y
: - Indicates ne data available. . | -



the‘peek virus titers reeohed in MHA'hemsters_were-greeter
then those of their LVG oounterperts. |
Primerg Cgll Culturea from both Streins Suggor

Virus Replication Eguell! Well

: r,:aa-n-l--‘u.. —

7 The difference in virus levels observed in the
two strains could be explainad by a difference in the
ability of their respective oelle to support virus
replication. To test this ‘hypothesis, primery oell cultures
were praparad from the kidneya of 3 dey old end adult
animals of each etrein, and growth curves of Piohinde
'uirue ware determihed in each cell type. Figurera ehowe
éhe reeulta of these experiments. Kidney cells of either
strain supported virus replication to similar levela. 7
The overall 1evele of virus ware slightly higher in the
cells cultured from newborne of both strains then from
adulta; this may have baen ettributeble to the greeter

number of cells in the newb newborn Qultures {(data not ahown).

_It was conceivable that a difference egig?ed in
the ability of macrophagea to support virus replication.
Peritoneal exudate meorophegee were examined for theirmud
ability to support virus rep%ioetion in vitro. 011\ - »
stimulated peritoneal exudete oelle.were herveeted end -
cultured ee‘deeoribed in Materials and Methods, and growth
curves of Pichinde virus were performed. Fighre 9

illustrates the results of one such experiment. Peritoneal .

*
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Figure 8

Growth of Pichinde virus in primary kidney
cell cultures established from 3 day old and adult

~ MHA and LVG hamaters. .Identical culturaa‘establiahed

‘from 3 day old and adult MHA-andVQVG hamsters 'were

infect;d with 1=3 PFU/cell of Pichinde virus. :After
adsorption, cells were overlaid with maintenanca'
medium, and incubgted. M?&ium was changed at 24 hour
intervals, and samples take?/at the times indicated
represant virus produogd‘in the previous 24 hours.
Symbols: ( d&r=A ) 3 diy MHA; ( @@ ) -3 day LVG;
( A=A ) adult NBA; ( O=~0 ) adult Li!ﬂ.

3 -
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Figure 9

Ghowth of Pichinde virus in LVG and MHA
hamster macrophages cultured in vitro. Peritoneal
éxudate'macrophages-wbre.harveated 3 days aftér
stimulation. with sterile mineral oil and infec;dj//
with 1~3 PFU/cell of Pichinda virus. After adsorption
for 60 min at 4°C-the cells were washed then aoedﬁd
into culture tubaib(2 X 10° cella/tuba). Two tubes
were removed at each time peint, and total medium
and cell associated virus was titered. (.-—. )

LVG macrophages; [( O==0 ) MHA macrophages. |

N

e

At




il

;0 /
o—'oMHA
-—s L Va3
‘ ——
g
£
:
' 8‘ -
N d ‘z L
. 1L
‘T | L \ 1
* 0 . 12 18 24 48
HOURS AERTER ({NFECTION




-._‘..L ]

72

‘ . B
macrophages of both strains of hamsters supported virus

| grﬁyth equelly well.

4., The- Effect of Cyclcphoephamide Immunceuppreeeion

on Resistance to Infection
The effect of cyclophoephcmide immunoeuppreesicn

on virus induced mortality was tested in both hameter

.etreins., For :heeejexpepiments a single dose of cyclo—

‘ { | |
phosphamide was administered 3 days after virus infection

and the mottality was ccmpered in dreg-treated and non-
treated #himals which had baen infected with Pichinde

virus. Figure 10 illustrates the results of a

pepresentative experiment. Cyclophosphamide immuno-

eupbbeeeicn eliminated the age-acquired resistance of LVG
hamsters. The eueceptibility'cf MHA hameferaJto lathal
infection was increased slightly by cyclophosphamide
Imm;;EEuppreeeion.' _ I (i | |

5. Anti-Viral Antibodies in LVG and MHA Hamsters

efter Pichinde Virus Infectid)

Failure,of animals to reepcnd epprcprietely to

the antigenic stimulus of Pichinde virue during infecticn

- may aceount for the lethality observed in MHA hemstere.

Antibody‘to the CF antigen of Pichinde virus was measured
at various intervals after icfection‘in LVG and MHA
hamsters. Tabla VI shows CF antibody in theee animals

at intervals efter infection. No efriking_differencee

existad i{n the level of CF antibody produced.
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Figure 10 \ : .

The effect of cyclophosphamide immuno-
auppreasion.on mortality in adult LVG and MHA
hamsters.  The animals were infected with 2.5 x_lO5

"PFY of Pichinde virus i.p. then either giQen.loo mg/kg

(MHA) or 150 mg/kg (LVG) of cyclophosphamide ‘i.p.
3 days after infeqtion (O==0 ) or left untreated
( @—@® ). There was no mortality among 'S\amsters

given drug alone.
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TABLE VI

- MEAN COMPLEMENT FIXING ANTIBODY TITERS IN LVG AND MHA
HAMSTERS AT VARIOUS INTER/‘&S AFTER RICHINDE VIRUS -

INFECTION
. . ‘ ‘ .1
Hamster  Day After - CF Antibody Titgr_ 3
Strain = Infection Virus Specifie? Anticomplementary
LVG. 10-13 (3)" 1:83% . <di2
21 (2) 1:256 <112
30 (5) ® 1128 S XY L
60 (7) . l:eh <2
'MHA . 10-13 (8) 1:38 .. <2
21 (2) 128 1:y
30 (W) ' 1:128 | 1:21

Higheat dilution giving 509 endpoint in complemerft \fix-
tion test against 5 units of.antigen. .

Determined against antigen prepared from Pichinde virys
infected BHKzl caells.

-Fixation of complement in the absence of virus apecific
antigen.

Number of aamples tested is indicated in parentheaes;

Geometric mean CF antibbdy titer.



- 5. Susceptiblllty of other Hamster Strains to

,»Pichinde Virus Infection

Several'other inbred hamster strains were
acreened fcr suscepcibllity or resistance to Pichinde
Virus infection : Anlmcla of all of the strains tested
Were given an- 1dentical dose of 2 X 105 PFU of virus
and then ofserved for mortality over a 25 day pericd..'
Table VII annmarizes'the resclts of these experiments.
in the first experimcnt, only the MHA and CB strains of
hamster appeared to Dbg suéceptible, wnile the LVG,

LHC; PD-4 and LSH étrains appearedénesidtant. In
a subsequent experiment LHC, PD—u.and QB hamsters were

infected with 2.5 X 105

PFU of virus and observed over
a 30 day period.: Mortality was limited to 1 animal of
_the LHC strain. MHA hamsters infected at the same

time and from the same virué'pocL‘but'for' a different

experiment,bacame i1l as previously observed. These

-

MHA animals are not shown in the table because they were
sacrificed for pathclogical study prior to actual death.
Total mortality observed for the two strains when data
from all axparimants was pooled was 6% for LVG and 82%

for MHA hamsters.

7. Histopatholegy of Acute Pichinde Virus Infection

in the Hamater .
A preliminary histological atudy of organs re=-

moved from Pichinde virus %nfectcd and control nawborn
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‘TABLE WTI

MORTALITY AMONG VARIOUS HAMSTER STRAINS AFTER PICHINDE

g

» VIRUS INFECTION '
///3 -

1

Ha afeg g ,‘Survivors Percent
Strains ;; Initial Number ’ Mortality
Exp. 1  "Exp. 2 Exp.1 -Exp. 2
Lva 20/23 - ';3% - -
MHA 5/20 - ' _ 75% -
LHC s/6 1011 EJ_ 0o 9%
PD-4 6/ - 5/5 0 . 0
"B 2/8 w4 . 66% 0

. LSH /3 - 0 -

l'Survivors-on the 25th day after infection'.

»~
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" LVG ‘and adult LVG and MHA hamsters was carried out in

.Control, Atlanta, Georgia. Kidneys, livers and brains

7

e, et

collaboration with Dr. Frederick Murphy, Chief of the
Viral Patholcgy Branch of the Center for Disease

were removea‘a g&ya after infection from LVG hamsterp
infected as'newbornsﬂand from age matched, non-infected
hamsters. The same orgdné were also removed from virus-
infected adult MHA, and LVG himéters on dmys 1, 8, 11
and 15 after infection with 2' X 10 " PFU of virus |
intraperitoneally. All tissues were plmced'immedi&tely

- into 10% ‘buffered formalin and histologic eactions wera
prepared and atained with hemotoxylin and eoain. Onoe
prepared, the at;ined slides were sent to Dr. Murphy

for histopathologic examination. A copy ofiDr. Murphy's
completemevaluation'may be found in'Appendix I. The
important findinga will be summarized below,

In newborn hamatcrs 8 the LVG strain, the ’
pmedomimate findings were extensive necrotic damaga of
the kidnéyg and liver and hemorrhagic lesions in the
brain parenchyma. Severe nearcsis of the liver was the

N

main feature. diffarentiating adult- MHA from adult LVG

hamsters. Kidney lesions in the adults of both strains -FM'

were minimal compared to the lasions geen in newborn

animala. Virus. infected MHA-adults showed a few necrotic

fcci within the brain parenchyma while adult LVG brains :




appearéd nohmarﬁ\
‘ From these limited histologic studies, it

appéars that renal démagé‘ésgqciated with brain‘ghd liver
daﬁage was responsible for deafh in the newbérn-hahézers.
In tﬁe adﬁit hansgters, the sevefity of the liver

necrosis was sufficient to account for the deaths

observed in MHA hamsters. A degree of, hepatlc 1nvolveﬁent
similar to that obsérved in MHA hamsters was not seen

in fhe-LVG haﬁstefﬁ. >

. . ~
C. Infection of Humang by Pichinde Virus

Human laboratory workers exposed to concentrated
virus during the course of biochemical studies were
shown\by-serologlcal means to have been infected. Among
persons working wifh Pichinde virus, 5 of 13 (46 %) were
- found to have antibédies to the virus (Table VIII). No
antibodies were found among 1u'persons working in the same
laboratory area where studies on ;the virus were being
carried out but who were not worﬁing with the virus., Anti-
bodies were not detected among ény persons working in
dther'areas of-the same building.

‘ .Bibchemical studies weré‘performed by six
workers, and in tﬁe course of these studies milligram
Quantities of purified virus were used. Antdbodies were .
found among five of these . six workers. Biological studies

: - .
that entailed primarily preparation of virus stocks, virus



. TABLE ¥III

ANTIBODIES TO PICHINDE VIRUS AMONG LABORATORY PERSONNEL

WITH DIFFERENT EXPOSURES

Al

‘Risk Gréup No. Tested
High BYR
Moderate T 1y
Low 17t

CF Antibodies to Pichinde
virus * - N i
No. Positive . % Positive

B 46
\ 0 0

o - .., 0

§

l'P‘aired gserum samples on eight persqﬁs and single
serum samples on nine persons.. '

80

B N
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~..__assays, and infection of animals were carried.out'by
éeﬁén workers, and only ongdof these persone developed
éntibodiés. This infection'was putatively traced to ’
accidental self-inoculation that occurred while in-
jecting baby hamsters. ' |
. ' The antibody titers in relation tq the time when

“the persons ﬁegan working with Pichinde v&rus ére.shown

~ in Figure 11. A fourfold rise in antibody titers is
evident with three personé, WR, FF and MB,-and a four-
fold decline in titers is evident with two persons,

. GH‘and BR. Serious illness was not agsociated yith any-
of the infgctiéné, although during the period under study
minor féﬁrile illﬁesses were experieqced. Because othérq
in the labordtory also experienced minor febrile illness,
it is nof posgible to attribute any specific illness
patférn to Pichinde virus infection. : )

In one case the period of infection was well '
circumscribed. A worker (WR) concentrated Pichinde virus,
on October 24, 1973, and no CF antibodies wefe foung,in
a serum sample taken October 30, 1973;' Slight dysurié;
ﬁ&algia and pruritic vesicular eruption on the dorsum of
the left thumb developed on November 22, 1973. The
vesicles became hemorrhagic on fhe third day of the illness,

then resolved. Serum obtained November 28, 1973 had a

CF antibody titer of 1:16.
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Figure 11

Complement fixing antibody titers to Pichinde
virus in laboratory workers in relation to the time
of possible exposure. The arrows indicate the time

when individuals began working with the virus.
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' II. Antigen Synthesis and Expression in Cell Culture

Previous work (Carter, 1972) has establlshed
the kinetics of appearance of CF antxgen‘iﬂ’bell cultures
infected“by Pichinde virus.  Cell associated CF antlgen first
appears at 8-12 hr after infection and increasges in
conéentration to a maximum'level-at 7279§ hours .
Antigen reieased into the supernataht does not reach
high titers over this time perlod, and for thls reason,
only cells harvested 72 hours (and occaslonally\ﬁs hours)
after infection were utilized as a source of CF antigen.
This practice was economical, since virus concentrations
reached maxlmum levels at 72 hours after lnfECflOHa thus'
both the cells and’ thezr supernatant fluids could be

utili;ed.

A. Virus-specific Antigen Expression Correlated with '

New Virus Productionbin Infected Vero Cells

One potential mechanism by which persistent
viruses may escape the host defenses is by presenting -

a minimal amount of.antigen on the cell surface. This

&

\ RS . . . '
would serve not only to minimize "the antigenic stlmuygs;

but would also present a limited target for the antibody
N \ . .
or cell-mediated immune effector systems. To test the

possibility that angigen expression'is regulated or

. ) ‘ ] e _ o '
modulated in Pichinde virus-infected cells, an experiment
-_____‘_r_-\ . . “.
was performed to.measure the relationship between virus
. ’/

-
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produc¢tion, surface antigen expression, and intra-

cellular CF.éntigep levels in infected Vero cells.
Identical coverglass cultures were seeded in shell

vials and after 24 hr the cellé‘were infected with
Pichinde virus at an MOI of 1-3 PFU/cell. Following
infégtion the covgrslips were overlaid with maintenance

medium and incubated. The medium was changed at 24 hr

intervals on all coverslips. At time intervals of 1,

6, 12, 24, u8, 72, 96 and 120 hours after infection,

virus-infected and control coverslips were removed

ana both surface and cytoplasmic immunofluorescent
staining were\donei Samples of culture médiﬁm were o
reﬁoved-and regserved for virus titration to defermine
new virus groduétion over the previous éu_hr interval.
The réaulté of ;his expepiment afe shown in Figure 12.
New virqs prodﬁgtion'and the percentage of cells exp?eséing
surfacel antigen were éssentially parallel; both .'. .
increased after 12 hr, peaked at 2u-ua'hn, then declined
sharply' at later sampling times. The pe}centdgé’of

cells expressing cytoplasmic antigen peaked at 46%

i
at 24 hours and remained relatively constant thereafter.

\

With daily mediuA changes the cells showed no cytoﬁafhé-
genic effect-which could be detected in viable preparations

or in Giemsa stained specimens. The total numbers of
L~ » P -

- ’



“Figure 12 - L

Expression<bf c&toplasmic and surface
‘antigen in relation to infectious vifus_ﬁrodéction
.after Pichinde virus infection iﬁ Vero cells. Vero
cell cultures on'cpverslips/were infected.with Pichinde
virug (MOI 1) and incubated. At the samﬁling_times
indicated, 2 coverslips were stained for surface
antigen and 2 stained for cytoplasmic antigen; T;e
supernatant flﬁid from these céverslips was assayed
for infecfiqus virus. Medium was changed'on all

cultures at 24 hour, intervals; virus titérs represented

virus production over the previous 24 hours.

~ 1

.
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cells present on the coverslips after 120 hours were

similar for both infected and control cultures.

B. Virus Replication.and Antigen Production in

Cells Tréated with Actinomycin D

Actinomycin D has been shown to inhibit the

peplication of arenaviruses (see Introductien).  The

point of this inhibition-in the replicative cycle

- of the virus has not been determined beyond an apparent

dependence on host tranecription.' Experiments designed
to determine with greater accuracy the point of
inhibition of replication in the presence of actinomycin
D were performed. The synthesis of CF and surface
antigens was quantitated and correlated with virus
reﬁlicatioﬁ in cell éultﬁres. Identical éonflueht
monoclayers of BHK21 qélls were infected with Pichinde
virus at a multiplicity of infection of 1-3 PFU/cell.
Following adsorption, maintenance medium containing

0, 1, 2 or 3,ug)m1 actinomycin‘D was added to each
flask. @ftef 48 hours of incubation supernatént fluids
were. removed from each flask and assayed for 1nfectlous'
virug. The cell monolayers were scraped off the flasks

with a rubber pollceman and washed with PBS. The cells

] ere then resuspended in 2 ml of PBS and lysed by two
/oy

ytles of freeze thaw followed by sdﬁﬁcatlon. Protein

i
/
!
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conteh; of the cell lysates was determined, and the Cf
antigenw content was measured; /

A ratio of CF antigen(CF units/mg protein)wqi
obtained fdr cach of the drug treated and control

cultures.. Vinus titers in the gupernatant flﬁid-werg

expressed. as the percent of control virus levels and .

o,

comp&red with the CF unite/mg protein as shown in
Table IX. Virus titers were decreased by approximately.
99%- in the presence of l-3lug/m1 aétinomycin D, In
paﬁffﬁﬁ%, CF antigen concentration was decreased by only
36% at 1 ug/ml of drug and remained at that l;vel
with increasing drug dosage. Immunodiffusion analysis

of the drug‘tfeateé/ceris revealed that both of the
| antigens detectable by this method were present in the
drug treated cells (Figure 13).

| Cells incubated in the presence bf AD were examined

by direct immunofluorescent gtaining in order to
qﬁaakifAte tﬁé perceﬁtagé of infééted cells in the
culfures. In the absence of the_drug, essentially 100%
of the cells stained for Pichinde virus-gpecific
antigen in the cytoplasm 48 hours after infection. In’
" the presence of drug at concentrations of 1 and % ug/ml
66% and 64% of the cells expressed viral antigen in the

cytoplasm, The decrease observed in antigen content

L
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Figure 13

e

Immunodiffunion tesot showing antigens /

. .
\ produced in BHK,, cells incubated with and without

actinomyecin D. The antigcnn uped were: A. high
titered soluble antigen includcd ag a ponitiﬁc
' contrél; B. lynate of infected cells incubated with
2 ug/ml of actinomycin D; D. -lyﬂatc of cells not
treatcd with drug; C. purificd Pichinde virus
(~ 500 ug/ml viral p oteln) disrupted by troatment

with 1% NP-40 and RNase; S. Pichinde virus antiserum.
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reflects the decrease in cells infected in the cultures,
Morphologically, the cytéplaé&&c antigen in- AD treated
cells and control cells was indistinguishable as
assessed by immunofluqrescent staining. ‘
Immunofluorescent staining of the surface of
virus infected cells cultured in the preséncé aﬁd
absence of AD showed significant diffefences in the

pattern and-intensity 'of the staining. Cells infected

by Pichinde virus and treated with AD stained more

‘

intensely at the surface than infected cells not treated
with the drug. The pattern bf.staining of the cyto-
Plasmic membrane was différent for the two cell types
(Figure 1u), Diffuse staining uniformly covered the .
membrane of the drug treateﬁ cells (Fig. Tha). Non-treated gells
stained in a l-'paﬂtchy" or beaded mannrer (Figure 14b).

To quantifate the expression of surface antigen
on cells incubated in the presence and absence of AD,
an antibody binding assay was performed. IgG from.
hamsters immune to Pichinde virus and normél‘hamster TeG
were purified and radioiébelled with 125I. Aliquots of
the.labelled immune and normal IgG were reacted as described
in Materialé and Methodsjwith infected cells which had

or had not been incubated with AD (2 ug/ml) and harvested

at various intervals after infection. The results of one
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Figure 14

Immunofluorescent staining of the surface

of cells infgcted-hith Pichinde virus. BHK cells

21
were infected with Pichinde virus, incuba 24 hr.
at 37°C, trypsinized and stainéd with FITiééghﬁugated
IgG from immune higgters.' Top, cells incubated in
the presence of 1 ug/ml of actinomycin D; bottom,

no actinomycin D.

N '
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such antibody binding assay ‘are shown in Figure 15.

From these data it appeared that vi%us specific antigéné
are present on the surface oflcells as ;arly as 6-12
hours after infection. Surface antigen abpeared to
accumulate at a similar rate in both drug-tréated and
non-tféated cells for the first 24 hours; by L8 hours
after infection the AD treated cells boundﬂsignificantlf
more IgG. These results suggest that accumulation of
virus antigen occurs on-drug—treated cells.

C. Polypeptide Composition of Cells Incubated in

the Presence and Absence of AD

96

In a single experiment, the polypeptide'compositipn

of infected and control cells grown in theé. presence and
absence of actinomycin D was examined. Six identical

cultures of BHK21 cells were grown in 75 cm2 culture

flasks.- Four of these cultures were infected with Pichinde

virus, 2 at a MOI of 1 PFU/cell and 2 at 10 PFU/cell.

The remaining 2 flasks were mock infected. After

adsorption, one of each of the 3 pairs of flasks qas

overlaid with MEM containing 2 ug/ml actinomyecin D. The

other flasks were overlaid with MEM without drug. Six

hours after infection 5 pCi/ml 3H-L aﬁino acid mixture
was added to all of the.flasks. After 24 hours of

‘ incubation all of the flasks were drained and washed with

PBS. The washed cells were then solubilized and prepared



Figure 15

Quantitation of surface antigens in act-
\

v

BHK,, cells were' in ected with 1-3 PFU/cell and

21

A

{
incubated in the preafncé or absence of 1 ug/ml of
\

]
actinomycin D. At \intervals the cells were mono-
\- 1

dispersed and reacted yith anti-Pichinde virZS IgG

\ 125
which had been labell ;Eith

Al

I. Infected cells,
no actinomycin D ( z&-‘li\if“infected celléLand |
actinomycin D ( OO ).. Uninfected cells, no
actinomycin D ( A~—A ); uninfected cells and act-

inomycin D ( @=-@ ).

inomycin D ‘treated iells using 1251 labelled antibody.

Tp
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for SDS-PAGE. A slab gel ,was run of the sambies with -

-

glucosamine labélled and amino acid labelled virus marker

-
S

_samples. : SR ‘ ' o /
. The autoradiogram offthis gel is shown in Figure

16. A polgpeptide'comigratiné with the major viral \
polypeptide, VI, was, found in the infected ce}ls botﬁ
in the presenée and absence of drug. This. polypeptide
was not found in non-infected cells. ﬂoné of the other
viral polypeétides éppeargd by this method %o be uniqué
to the_infected ceils. |

From the results of:these experiments it appears
thaﬁ virus-specific protein synthesis occurred in BHK21
cells infected with Pichinde virus and incubated in thé_
presence.of AD. Two antigens éetectable by immunodiffusion
as well as virus specific surface antigens were A
demongtrable in these cells. Other experiments (data
not shown) showed that the decrease in infectious virus
production was not accounted for by an increase iAJcell—
associated virus. Both cell-associated and fluid-associated
virus titers were decreased to a similar extent by AD.

The pbssibility existed that the decreased virus
titer in AD-treated cells Pepreéented an increased

production of defective interferring (DI) particles. To

examine this, supernatant fluids from AD-treated cultures




Figure 16

_ Virus;specific polypeptides present in BHK,,
cells infected with Pichinde virus and incubated
with or without actinomycin D. Six 75 em? flasks
of BHK21 cells were treated as follows: Two of the
flasks were mock infected, two were infected at a
MOI of 1 PFU/cell and two more infected with 10
PFU/cell. After adsorption the monolayers were
washed and maintenance medium with 2 ug/ml actinomycin
D was added to one flask of each type. To the other
flask, maintenance medium without drug was adéed.
Six hours after infection 6 uCi/ml 3H-L amino acid
mixture was added to each flask,land incubation was
contindéd. At 2% hours after infeétion, all of the
mondayers were washed with PBS then solubilized in
1% SDS, 1%. 2-mercaptoethanol, 10% glycerol and
prepared for slab gel electrophoresis. 100 ul of
the samples were electrophoresed on a 10% poly-
acrylamlde gel, and the radiolabelled polypeptldes
- were detected by fluoroautoradlography The lanes
contained the following (1)- 3H glucosamine labelled
Pichinde virus marker (80,000 CRﬁU. (2 and 9) 3H
amino acid labelled virus marker (100,000 CPM).
(3) cells infected at MOI = 1 and incubated without
drug, (4) cells infected at MOI = 1 and incubated with,
drug. (5) cells infected at MOI = 10, no drug, (6)
cells incubated at MOI = 10, with drug. Control- -non
' lnfected cells 1ncubated without and thh actlnomy01n

D were run in lanes (7) and (8) respectlvely

T
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radiolgpelied with 3H—amin_o acids were subjecfed to the
standard virus purification used for Pichinde virus.
Fractions from the final 20-50% w/w sucrose gradient ' .
were harvested and assayed fofaradioacfivity and for
infectivity. The results presented in figure 17 |
demonstrate that.there was a préportionate decrease
in both 3H-amino acid dontent and infectivity in the
fluids from AD treated cultures. Nd evidence was found
to support the concept of increased DI particle

production.



Figure 17

Decreased particle production in cells
infected with Pichinde virus and incubated in the
presence of actinomycin D. BHK,, cell monolayers
in two 75 em? flasks were infected with 1-3 PFU/cell
of Piﬁhinde,vifus. | After adsorption 1 ug/ml of
actinomycin D was added to one flask while the other

received no drug. Two uninfected flasks were treated

‘similarly. To all flasks, 0,5 uCi/ml of 3H-amino

i oy
acid mixture was added. ﬁhe f}uids were harvested after

24 hr at 37 C precmp1ta§¢d w1€h PEG resuspended in

!J v

TNE and centrlfuged through 20% sucrose onto a (50%
sucrose cush on.‘ The matﬁrlal &t the 1nterfacJ @as
i \

asplrated by151de punctmre and qehtrlfuged on G%n-

tinuous grad

~
.

ent Fraptlons from‘the gradientg were
assessed for radloactlwlty and féﬂ infectious 31;85

The radiocactivity piotted in the flgure ﬁbpres%mts the
CPM in the fraction of the’materlai from the infected
cultures minus the CPM of the corresponding fraction of
the material from the control cultures. Infectious virus,
no actinomycin D ( XA ), infectious virus, actinomycin

D ( AA ), 3H-amino acids, no actinomycin D (O-"0 );

3H-a_mino acids, actinomycin D (O0—0 ),
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“

II1. Biochemical Studies of the Antigens af Pichinde

[

Virus

A. Soluble'Antigens Detectable in Lysates of Cells

Infected by Pichinde Virus '

Two virus-specific antigens were detecpable by
immunodiffusion in soluble'extracts of BHK?l cells
infected by Pichinde virus. The two antigens were found
to differ in their thermal lability as well as their
resistance to the profeolytic action of prbnase..

Figure 18 demonstrates.the differential susceptibility

of the antigens -upon heating at 56°C. One antigen was
relatively stable at 5660 wﬁile the other antiéen could
no longer be detected by immﬁnodiffusion after 20 minutes
at 56°C. thn soluble lysates were exposed to 25 ué/ml
of pronase for 60 min at 37°¢C, the heat stable antigen
was also foﬁnd to resist proteolytic digestion while

the heat labile antigen was no longer detectable after
proteolytic digestion. Table X summarizes’the effect of heat
and enzymatic digestion on the antigens. Thé antigen
unaffected by heat and pronase digestion was called the
major antigen wﬁile the heat labile, pronase sensitive
antigen was called the minor antigen. Neither antigen
was affeéted by digestion with 25 ug/ml of ribonuclease-a

for 60 min at 37°C. By autoradiography of dried immuno-
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Figuré 18

Immunodlffu51on test show1ng the effect .of

heatlng on the. antlgens detected in lysates of BHK

21.

' cells infected with Pichinde v1rus The perimeter

wells contalned soluble antlgen whlch was heated at

56°C for 1 min (1), .5 min (2}, 10 min (3), 20 min w),

30'min (5) and'ﬁo min (6).

1:2 (right).

The center wells éontained

" immune guinea plg sjrum undiluted (left) or diluted

L3
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TABLE .X :

SUMMARY OF THE EFFECT OF HEAT AND ENZYMATIC DIGESTION ON

PICHINDE VIRUS ANTIGENS EXTRACTED FROM INFECTED BHK?l CELLS

Treatment CF Titerl Immunodiffusion

: Band Observed
Major - Minor
~ ‘ ! 2

None ‘ 128 + +

Incubation at 22°C 24 hr 128 ‘ + ¥

Incubation at 56°C 60 min 86 + ' -

Digestion with 25 ug/ml RNase at '

1370C 60 min (pH 7.2) 128 + +

Digestion with 25 ug/ml pronése - ‘

at 37°C 60 min (pH 7.2) ND + -

Reciprocol of anfigen dilution yielding 50% end-point of
complement-fixation test. Mean value of 3 determination.

2 4 Indicates presence of the precipitin band. /

3 ND - Not Done.

L N T
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diffusion slides, both antigéns were shown to be

labelled with luC arginine.

B. Some Biophysical Properties of the Major Antigen

A lysate of cells infected with Pichinde virus

was centrifuged at 100,000 x g for 60 min then applied

to a G-200 Sephadex column which was previously calibrated

with a series of proteins of known moleéular welght.
“The antlgenlc activity, as assessed by CF, eluted from

the column in a peak at a Ve/Vo value of 2.0-2. l‘ When

the location of the antlgen peak was plotted with the
‘marker proteins (Figure 19),“this value corresponded to '

a molecular weight of approximately 2 X 10%. The identity ///—‘ff\\
of the antigen peak as the major antigen was confirmed ‘
by immunodiffuﬁion. The minor antigen was not recovered
as a distinct peak foliowing gel filtration.

| The sedimentation rate of the antigenic activity
wés determined in 5.20% W/V sucrose gradient by the
method of Martin and Ames (1961). The position of peak
of activity relative to 7S and 4.4S marker proteins was
found to be 3.55. The major peak of CF aétivity was
shown by i@munodiffusion to contain both the major and
the minor antigens. The minor antigen detected by
immunodiffusion was found predoﬁinately in the faster
sedimenting half of the antigen-containing peak, and

overlapped the slower sedimenting major antigén.

2y



Figure 19.

Estimation of the molecular weight of the

CF antigen of Pichinde virus by gel filtration in
'G-200 Sephadex. k 1.5 X 55 cm column was equilibrated
with'BBS, pH 8, (1l:4000 NaNa) and standardized using
the indicated marker proteins. A lysate of virus-
infected BHK21 cells was clarified by'centbifugation
at 190,000 X g fof 60 min, and 1.2 ml of the sdfer-
natant was applied to the column. Fractions of 2 ml

. were collected and assayed for antigen by CF.
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Antigen which had been heated to 56°C for 60 min showed <
a marked.decrease in actiﬁity in.thé sedimenting peak,
but no change was-obserygd in the positicon of the major
peak of CF activity (Figure 20). <
Isoelectric.focusing in a preparative column

was carried out using soluble dntigen prepared from
infected cell lysates. The profile qf CF activify
-recovered ‘in a typiéal run using a pH 3.5-10 gradient

is shown in Figure 2la. A peak of anfigenic activity
focused at pH 5.2 with a variable shouldér at higher

PH values% The identity of the pH 5.2 antigen peak was
shown by immunodiffusion to be the major antigen. TFigure
21b shows thé pattern of radiolabelled protein obtained
when a parallel control cell lysate was focused on an
identical pH 3.5-10 gradiént. The distribution df
radiolabelhaiproteiné obtained from infected cells is
similar if not identical to that obtained from control
cells, Thé soluble antigen would appear to comprisg a
P?latively minor proportion of the total solublé protein
of the infected cells.

C. Purification of the Major CF Antigen from Infected

BHK27 Cells

Taking advantage of the characteristics described

v

above, a scheme was derived to partially purify th? major

CF antigen from lysates of infected BHK.. cells. The methods

21
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Figure 20

Sedimentation of soluble antigen in a
5-20% sucrose dengity gradient. A soluble extracthf
virus-infected cells was prepa}ed and either heated
to 56°C for 60 min ( &A) or’used without further
f_reatmqnt ( @@ ). The samplé was cen.trifuged :
for 22 hr at 35,000 RPM (Spinco SW-u4l rotor). The
antigenicity in collected fractions was determined
by CF. The positions of marker proteins, human IgG
(78) and hemoglobin (u.‘S), run on a separate

gradient, are shown.



132

15 20

10

FRACTION NUMBER

v o

el
@ - -] ow o~
=4

Y311l NIDLLNV 40 TvI0HdIOIY



f

Figure 21

Iscelectric focusing of cell-derived

Pichinde virus-gpecific and control antigens.

Soluble lysates of infected (TOP) and control
(BOTTOM) BHKQl cells were first centrifuged on’
preparative 5-20% sucrose gradients, then dialysed
against 1% glycine overnight. The dialysed samples
were incorporated into identical pH 3.5-10 iso-.
electric focusing gradients and focused for 72 hr
at 300 v. Fractions were collected and the radio-

activity and CF antigen activity determined in each.

 (@—8 )radiocactivity; ( Q== ) CF antigen; and

(-a--) pH_
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u%gd and the recovery of antigen at each step are
shown in Table XI. The increase in CF antigen units
is indicative of the degree of purification obtained.
Thé Purification index of the Biogel P~100 antigen pool
was 20 ’

An experiment perforﬁed since the data in
Table XI was obtained hés‘demonstrated that Biogel P-200
gel filtration of‘the antigen pool obtained 5y isoelectric
focusing yvielded a single isolated peak of antigenic
activity caincident with a peak of 3H amino acid label.
Iarallei preparations from non-infected cells yielded no
peak o% radiolabel eluting in the same region (Figure 22).
The approximate molecular weight of the éluting antigen-
icity relative to protein markers was 28,000.

Antigen which was partially purified by differential
centrifugation, 5-20% sucrose gradieﬁt centrifugation
and isoelectric focusing was used to prepare aﬁtisera in
guinea pigé. The sera of 2 immunized animals had CF
titers of 1:64 against the virué—induced antigen. A
pool of these sera gave a band which was identical to
the major antigen by immunodiffusion. By indirect
immunofluorescence using BHK21 or Vero cells infected
with Pichinde virus and the guinea pig antisefum to the

major antigen at a dilution of 1/16, a granular cytoplasmic
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Figure 22

Biogel P-200 gel filtratiom of Pichinde
virus-specific CF antigen. Soluble lysates derived from
virus-infected BHK21 cells gréwﬁ in thefpresence of
5 uCi/ml 3H—amino acids and from control cells growﬁ
in the presence of 0.5 uCi/ml 1l+C amino acids were
partially purified by rate zonal sedimentation and
isoelectric focusing. The fractions coqtaining the major
peak of CF anfigen and the corresponding fractions from
the control were dialysed against BBé, pH 8, then 4% ml
of the dialysed s.;n;}ale was applied to a 2.5 ¥,90 CM
Biogel P-200 column equilibrated with BBS. Eh two
separate runs the antigen-containing and control pre-
parations were eluted and the radicactivity and CF
antigen in each fraction was determined. The symbols
aret ( @—@ ) CPM 3H-amino agids in material containing
antigen; ( A—\ ) CPM 14C amiho acids in the control
preparation, and (O=-Q ) CF‘)"antigen activity. No

CF antigen activity.was detectable in the control

preparation.
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staining was observed-in acetone fixed cells (Figure
23a). Corresponding control cells gave no reaction at
a comparable serum dilution tFigure 23b). ThefStaining
pattern observed with antisera to the partially
purified antigen was similar to that observed when the
cells were reacted with immune sera from guinea pigs or
hamsters (Figure 2u4).

Indirect immunofluorescent staining of the
surface of viable cells was performed using sera from.
hamsters or guinea pigs infected with the virus and
antiserum against partially purified major aptigen. Virus-
specific staining of the surface of the infecfed
cells was obtained with immune sera from both hamsters
or guinea pigs, but not with antiserum to the major
antigen. These data suggest that the major antigen is
_'not expressed on the surface of cells infected with
Pichinde virus.

=

D. Relationship of the:Major Antigen with Structural

Components of the Virus

The relationship of the antigen derived from
inﬁhpted cells with the known structural éomponeﬁts of
the virion was first approached by diérupting purified

virus with detergent treatment, separating the virion

components by centrifugation and immunizing guinea pigs
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Figure 23 .

Indirect immunofluorescent stain of Pichinde
virus infected Vero cells by antiserum .against
partially purifiéd, heat stable CF aﬁ{igen. Top,

-

infected cells: bottom, control cells.
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Figure 24

Direct immunofluorescent stain of Vero
cells infected with Pichinde virus using immune

hamster globulin conjugated with FITC.
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w;th the varibus viral fractigns. The scheme is shown
in Figure '25. Purified Pichinde virﬁs was disrupted with
D.?%ANP—HO,'and the treated preparation wasrcentrifuged
to remove the insolpble components, OT tooresh, from
the.solubilized-components. The separated components

were used to immunize guinea pigs as described in

Matenigls and Methods. The resulting antisera were tested

for anfibody activity by CF, immunodiffusion, and in-

direct immunofluorescence. Early sera from animals

recéiving virus "cores" yielded, by immunodiffusion,
one band when reacted with lysates of infected cells.
This band identified with the vand detected by antisera
.prepared against'purified major. antigen and with the
E@Jor antigen detected by immune serum (Figure 26).

The material soluhilized from purified virus failed to
iﬁhuce a significant antibody response in the immunized
animals. .

The reactivities of the antiseraagainst virien
"eores" ard soluble material were assessed by indirect
immunofluorescence. Staining of cytoplasmic antigen
was observed with antisera directed against intact
virus, virion "cores' and solubilized materials. With
the antiseraega%nst inpéct virus and against virion cores

the reactions were similar and consisted of a granulavr
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Figure 25

A\ Flow chart of the methods used to obtain
-
antisera directed against components of NP-u0

disrupted Pichinde virus.
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Figure 26 .

- Immunodiffusion test showing identity

between antigens detected in lysates of infected
cells (CELL LYS) by immune serum (IMM 8), and anti-
Sera against NP-yq obtained virus "coreg" (ANTI

CORE) and partially purified CF antigen (ANTI AG).

r
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staining of the cytoplasm (Figure 27, 28). Antiserum
directed against detergent solubilized'matefial gave
a different pattern of staining. With this antiserum
vaéuolar iﬂclusions of antigen were observed in the
cytoplasm of infected cells (Figure 29).

Table XII summarizes the reactivity of the
antisera against virion components as assessed by CF,

immunodiffusion, and indirect immunofluorescence.

E. Association of Antigens with the Virion as

Detected by Immﬁnodiffusion

Figure 30 shows the immunodiffusion reaction
obtained when purified Pichinde virus was disrupted with
NP-40, ether, and ribonuclease then reacted against
immune serum and against antiserum specific for the
major CF antigen. Note that 2 précipitin bands formed
between the wells containing immune serum and infected
cell lysates. - These bands are comtinuous with those
detected in the disrupted virus preparation. Antiserunm-
against the major CF antigen also produce a band of
identity between the disrupted virus and infected cell
lysate wells, Ribonuélease digestion of the NP-u40
disrupted virus wasﬁnecessary for the development of

sharp precipitin bands in this reaction.



Figure 27

Indirectgimﬁunofluoré5cent stain of
Richinde virus-infected Vero cells by antisérum
against intact virus. Antiserum was obtained as
described iﬁ Figure 25. Top; infected cellss

bottom, control cells.






Figure 28

Indirect immunofluorescent stain of Pichinde

virus-infected Vero cells by antiserum against the
2 .
NP-40 insoluble virion "gore" fraction. Top,

T \ .
infected cells; bottom, control cells. :

~
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Figure 29

i . .
Indirect immunofluorescent stain of Pichinde
virus-infected Vero cells by antiserum against

the NP-40 soluble virion component,
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of antigens detected in lysates of infected BHK

Figure 30

Immunodiffusion reaction showing identity
21
cells (CELL LYS) with antigens detectable in
disrupted Pichinde wirus (DIS V). Sera used‘werg
Pichinde-immune guihea pig serum (IMM S) and mono-
specific antiserum against the heat stable CF

antigen (ANTI AG).
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Antigenicity detectable by CF was also

liberated when purified virus was disrupted with NP-40.
" In one experiment, a.pubified virug preparation con- .
taining approximately 200 ug/ml of proféin was tested

before and after NP-40 disruption. Prior to disruption
theWQF antigen titer was l:4, while after‘deteréent

treatment the titer was 1/16. From these experiments

i1t appeared that the major and minor CF antigens were

virion components..

F. Relationship of Antigenic Activity with Sub-

structures of Pichinde Virus

The previous experiments demonstrated that the
CF antigens were associated with NP-40 liberated
components of the Pichinde virion. To better characterize
this associatidn, a series of fractionations of purifiéd
virus were carried out. Purified virus wés disrupted
with NP-40 as described previously, then layered onto
a 20~50% w/w sucrose grédient containing 0.1% NP-40 and
centrifuged for 2 hr at 35,000 RPM. . Table ‘XIII shows
the distribution of radiclabelled protein and RNA

obtained in the material which pelleted through the

=~ —

gradient and the soluble material which remained at the
top of the gradiént. No radiolabel was found in the
middle fractions of the gradient. The insoluble material

pelleted through sucrose with a'density of 1.24 g/ml and
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contained 53% of the labelled RNA and approximately 28%
of the protein. The soluble material at the top of the

gradient contained 46% of the labelled RNA in addition

" to 72% of the protein. Both fractions contained

antigencity detectable by CF and immunodiffusion.

~ Figure 31 shows the results obtained when the
two virion fractions were analyzed for their polypeptide
content by SDS-PAGE. The NP-u{ golubilized fraction was
found to contain all 4% of the 'virion polypeptides in
approximately the s@¥he proportions as intact wvirus.
The NP-40 insoluble fraction contained eﬁriched amounts
of the VII and.Viv polypeptides; decreased proportion
of the VI polypeptide, and no detectable VIII'
The requirement for intact RNA for integrity

of the insoluble particle was demonstrated by digestion

of the particle with RNase. Figure 32 shoég the results

of a typical experiment in which the pellet fraction from

a 20-50% sucrose-0.1% NP-40 gradient was digested with
100 ug/ml RNase then re-centrifuged on a 5-20% sucrose
gradient containing 0.1% NP-40. Treatment with RNase

rendered a portioh of the‘radiolabelled protein soluble.

This material, sedimenting at approximately 4S, contained

all of the CF antigen activity previously associated

with the NP-40 insoluble particle. Analysis by immuno-

143



Figure 31

Polypeptide composition pf socluble and
insoluble components obtained froﬁ Pichinde virus -
after NP-40 disruption. Purified Pichinde vitus,
radioiébelled with SH-amino acids, was disrupted
with 1% N?—MO (15", 37°C) then layered onto a
20-50% w/w sucrose gradient cgntaining 0.1% NP-40
and centrifuged for 90 min at 30,000 RPM. The
soluble material, remaining on top of the gradient,
and the insoluble material, pelleting through the
gradient were harvested, adjusted fd-l% Sbs, 0.1%
Z-mercaptoethanol and 0.5 M urea and prepared for SDS-
PAGE. l“C-amino écid labelled Pichinde virus
( 1500 CPM) was mixed with approximately 3000 CPM
of the sample, and the mixture wés co-electrophoresed
on a.lS% polyacrylamide gel containing 0.2% SDS and
0.5 M urea. ( @—@ ) H CPM in sample (=== == )

luc CPM in virus marker.
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Figure 32

Soluble antigen liberated bx treatment of
virion core component with RNase. ‘Tﬁe core component i
was obtained by NP-40 treatment of 3H-amino acid
labelled virus (see legend Fig. 31) then incubdted
with 100 ug/ml RNase for 30 min at 37°C. After

inchbatidn, the material was layered onto a 5-20%

sucrose gradient containing 0.1% NP-40 and centrifuged -

for 22 hriat 35,000 RPM. Fractions were collected and .

.
‘assayed for CF antigen (@---® ) and °H CPM (O—O ),
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dﬁffusion of the u4S fraction revealed the presence of

two precipitin bands which identified &ith the major

and minor bands found in lysates of infected cells &
(Figure 33). The 4S peak was shown by SDS- PAGE to contain
polypeptldes migrating with the VII glycoproteln and

close to the VIV polypeptlde as well as a reduced amount

of the Vi polypeptlde (Figure 3u). The material which

sedimented through the § sucrose gradient ébntained

no detectable antigenici'%“—aﬁd contained only tpe VI‘
polypeptiaé.‘ Table XIV summarizes the distribution of
radioclabelled protein in each polypeptide thrcugh the
fractibnqtion series. Note that the loss of the VIII .
glycopeptide and the VI polypeptid; did not result in

loss 'of antigenic activity detectable by CF or immuno-
diffusion.

G. Comparison of the Polypéptide Composition of

Purlfled Major Antigen Derived from Infected Cells

w1th the Vlrlon Polypeptldes

¢

Major antigen, labelled with 3H amino acids, was
purified as described above (Table XI) then cgncentrated
by_lS% TCA precipitation and ;ompared qith viral poly-
peﬁtides by SDS-polyachlamidé gel electrophoresis,
éomparisons were made by coelectrophoresis of 3H—-amino

acid labelled antigen with luC amino acid labelled poly-

peptides obtained from purified virus, or with luC amino



Pigure 33

¥
S

Immunodiffusion test of virion components

obtained by NP-40 solubilization and RNase digéstion.

'The soluble (1) and insoluble (2) fractions obtained

from purified Pichinde virus by treatment\with

NP-40, and the soluble antigen-containing (3) and ‘
inéoluble &4) fractions obtained from the virus
"coLgs“ by RNase digestion were tested against immune
guinea pig serum (IS) by immunodiffusion. Soluble
antigeh (AG) dérived from infected cells, and purified

virus, disrupted with NP-40 and RNase (V), were

includedrfor reference.

]
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Figure 34

Polypeptides present in the soiublg antigen
liberated from virion "cores" by RNase treatment.
The soluble, éntigen-containing fraction from
virion "cores" was prepared as described in figure 32.
The.gradienf fraction containing the peak CPM and
antigen was_analyied by SﬁS-PAGE as described in
figure 31. 2,000 CPM of sample_radiolaﬁelled with
3H-—amino acids (@@ ) was coelectrophoré_sed with™ .

1,500 CPM of ll“C amino acid labelled Pichinde virus
marker (== ==),

u
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acid labelled, parallel purified control cell material.
Figure 35 shows the pattern of fadiolabe¥ obtained.

Two low molecular weight pol?peptides unique to the
preparation of purified antigen were oﬁsebved;'control
material contained no appreciaSIé rédiolabél in the s
corresponding fractions. Coelectrophoresis with purified
virus revealed that neither of the two po%yﬁeptides
present in the antigen preparation co-migrates exactly
with any of the virion structural polypeptides (Figure 36).
A poteﬁtial explanation for this observation is
that eithgr one or both of the low molecular weight
polypeptiées arises through proteolytic cleavage of the
.‘YII glycopeptide. To test this hypothesis, antigen was
purified which was radiolabelled in the glycoprotein
with 3H-glucosamine. Although glﬁcosaminellabel was
present in the first two peaks eluting froﬁ the Biogel
P-200 column (cf. Fig. 22), significant amounts of
glucosamine label wefe not'found in the Qiogel P-200

column fractions which contained CF antigen activity.:

H. Purification_of Viral Polypeptide by Isoeléctric
Focusing ‘
Iscelectric focusing was explored as a means of
isolating viral proteins in order to-determine their
relationship to the cell associated antigens. Approximately

3 milligrams of viral protein was disrupted with NP-u40,



Figure 35

Polypeptide composition of purified cell-
derived major CF antigen. Major antigen, labelled
with 3H—amiﬁo acids was purified by rate zonal
centrifugation, isoelectric focusing and Biogel
P-200 gel filtration. The purified antigen was pre~
cipitated with 15% TCA, then washed with 5% TCA and
acetone and dried. The dried proteln was solubilized
and electrophoresed as described in figure 31.

(0—® ) antlgen purified from infected BHK,, cells,
( O=—Q ) parallel purified 14e amino acid labelled

control material.
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Figure 36

Comparison of the polypeptides in purified
antigen with thé virion structurai polypeptides.
Antigen radiolabelled with 3H-amino acids was
purified as descéibed in Fig. 35,‘then mixed with

1,500»CPM/5f luC_amino acid labeled Pichinde virus

“marker and electrophoresed as describéd in figure 31.

(@—® ) purified antigen; ( 0—0 ) lY¢ amino

acid labelled virus'marker.
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- ether and RNase and loaded onto a pH 3.5-10 iso-
electric focusing gradient as described in Materials
"and Methods. After focusing for 96 hr at ﬁﬁb.volts,
fractions were collected and assayed by CF, and immun;E
diffusion for~antiéen‘and'for the radiocactivity

Present in each fraction. Figure 37 shows“thg pattern
of radiolabelled viral protein and CF antigenicity
obtained in this experiment. Three peaks of protein
were obtained at pH values of u.afls.u, and 8.9. pf
these only the pH 6.4 and 8.9 peaks were associated
.with CF antigenicity.; The pH 4.3 peak was composed

of protein that was visably Precipitated, and may havg
been denatured. Analysis by SDS-PAGE of three protein
peaks yielded the following information: +The pPH 4.3

peak contained all 4 of the virion polypeptides in
proportions similar to those fould in the virion

(Figure 38). The pH 6.4 peak conthined the Vy poly-
peptide and the V., polypepfide (Figure 39). The peak
of protein focusing at pH 8.9 did not coﬁtain sufficient
counts of radioactivity for definitive analysis by PAGE:

By immunodiffusion the pH 6.4 Peak was shown to contain

both the major antigen and the minor antigen.

p)
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Figure 37

Isoelectric focusing of components of purified
Pichinde virus. 3 mg of purified virus radioclabelled

3 . . .
with H-amino acids was disrupted with ‘1% NP-u40,

'éyhyl ether, and 100 ug/ml RNase; then loaded into

an isoelectric focusing gradient containing 0.1%

NP-40. After 96 hr of focusing at éOO.v, fractions

were .collected and assayed for CF antigen (@@ )

and 3H-CPM»(.""——"). The pH of the fractions at HOC v

was-also determined (— = ;"f).

“"H“‘-«)
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Figure 38
. =

Polypeptide composition of the pH 4.3 ﬁfotain

peak. qug;ions containing the peak of amino acid

‘label focusing at pH-4.3 (see Fig. 37) were pooled,

and an aliquot.waé precipitated with 15% TCA, then
washed with 5% TCA and cold acetone. The precipitated

r

material was solubilized for SDS-PAGE and co=

4, -

electrophoresed on a 15% acrylamidg-geliwith c

&

amino acid labelled virus marker. ( @—@ ) sample,

( ====) virys marker.
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Figure 39 .

Polypeptidaes preaeht in the antigen-
containing ﬁiotein peak obtained at pH 6.4 aftor
isoelectric fd&using of purified Pichinde virusw\\:D
The peak of amino acid label focusing at pH 8.4
was electrophoresed on a 15% acrylamide gel ;a
dol'scr.ibod in Fig. 38 (ﬁ-‘ ) sample, (= =«==)

virus marker.’

-
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DISCUSSION '- o

Thé arenaviruses provide an excellent model )
for exdmining persistent virus infections. In nature,
these viruses produce persistent infections in a
limited number of rodent species; each virus being
associated with a single rodent species. P;rsistent
infections with Pichinde virus have been demonstrated

only in ggyzoﬁys albigularis (Trapid and’ Sanmartin,.

1971). Howaver, ‘it is apparent that Pichinde virus can ¢
infect a broad rango‘of host species. During the

course of this étudy and a prdviodaisfudy (Trapido and
Sanmartin, 197f),'fhe virus was shown to infect hamsters,
miooﬁ@kuinha pigs and rabbits. Virus persistence did

not appear to have occurred in any of these animala.‘ ~
Thds. persistence of Pichinde virus appears to be species
spacific. .
' Whather or not Pichinde virus infection is
limited to mammals is not known. The only species .
in"which I wds'unablo to show evidence of infection was
‘the chicken YData nét ﬁhown). In their original raport;
Trapido-jnd Sgnmartin described several Qirus isolations

from mites recovered from viremie..0. albigularis rodents.

-

These mites did not survive well .in the laboratory, so
that long term observation was impossible. Thesa workers

e

—dam—
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could not aliminate the‘pﬁs::bility,thaf the virus
isplatad reflected surviving virua in engorged viremic
blood.

| . Humans are susceptible to a number of arena-
Yiruéea and infections have occurred following exposure
to theaé virpses in the laboratory. The hazardous
nature og gsome arenaviruses including Lassa virus
(Leifer et al, 1970), LCM virus, (Smadel et al, 19u2; )
Scheid et al, 1956; Baum et al, 1966; Parken ._ei al, 1976),
and Machupo virus (Peters et al, 1973) to labofatory
-workers has been well documented. Pichinde virus has not
been shown to cause naturally occurring dibease in
humans (Trapido and Sanmartin, 1971; Johnson et al, 1973).
The potential of Pichinde virus to infect humans in a
laboratory setting was unkpown at the outset of this
study. Fop this reason, the sercepidemioclogical survey
of Pichinde virua‘infection-among laborato}y workers was
done (Buchmeier et al, 1974). The results of this study
indicate that in the laboratory, exposure to highly con-

centrated Pichinde virus can result in infection in humans.

a
168

Apparently this capability is dose related. as those workers

exposed  to known high concentrations (solutions of
>1010-EPU/m1) of virus showed the highest percentage of

seroconversion. The infections did not appear to bae-
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contageous among humans since there was a lack of

" evidence of infection among those in the moderate

risk group who. had close contact with the infected

_individuals.

No definite illness could be Associatad with ‘
the Pichinde virue infection. In a single worker where
the infection could be traced to a 1 month period,
mild dysuria, myalgia, and a localized vesicular
eruption of one hand were the only symptoms noticed.
Aithough no illness was attributedlto the infection in
healthy laboratory wquera, the potential to cause
illness under mitigating circumstances such as immﬁno—
suppression, pre-existing illness or pregnancy is not
kxnown. However, the data suggest fhat Pichinde Qirué(l
can infect‘humﬁns and that these infections ara generally
aaymptomatic. lThis is in contrast to infections with
ceartain other arenaviruaea which may produce febrile
illness associated with meningitis (LCM virua). hemorrhngic
fewer (Junin and Machupo viruaea) or edema and liver
lesions (Lassa virus). Thus, among the arenaviruses
there is considerable variability in the pathogenesis of
diseases which may develop after infection of an incidental

host such as the human.
e

\
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170
_ The'influanCe‘Bf‘hoét factors on the ohtéomg
of infection by the arenaviruses can berfurther
‘illuatratad by the data derived from infecting hamsters
with Pichinde virus. The lethal effects of infection of
- suckling hamsters with the viruses of the Tacaribe
complex have long been known. Initial isclations of
many of fhese viruses were accompliahed by intracerebral
inoculation of suckling hamsters with materials obtained
in the field’(Webb et al, 1970; Trapido and Sanmartin, .
13971), and all of the agenta‘of the group are pathegenic
for these animals. In contrast to the damﬁnatrqted
pathogenicity for nowborn hamsters is the reported lack
of pathogenic effect of Tacaribe complex viruses on
.adult hamsters (Johnson et al, 1973). ‘
The resistence to the lethal effect of Pichinda
virus in LVG (outbred golden Syrian) hamstura wasg
found to‘dhvolop_butween 6 and ‘8 days of age. Earlier
the obaervation‘waa made that cyclophosphamide immuno=
suppresion of hamsters infected at % days of age rendered
them as susceptible as newborns to Pichinde virus infection
(G.H. Houlditch, personal communication). This suggested
bthat the diseasolwas basiea}ly a virus=-induced pathology
and not an immune-pathology as provioualy desoribed in
: LCM virus infoction of tha mouse (Oldstone and Dixon,

1969, 1970' Gildon et al, 1972a, b)



Virus raplicd?ion'ig vivo was studied relative

to the age at the time of inoculation of hamsters,

and a marked age-dependence of virus titers was

observed. When 3 to 12 day old hamsters were examined,

~the highest titers were alw&ys observed in the blood and

organs of the youngest animals tested. Histopathological

examination of organs from newborn and adult LVG

- hamsters infected with Pichinde virus rewealed renal

necrosis with massive tubular destruction and hemorrhage

. - ' ‘ *
in the newborn. Minimal patholegic changes were seen

in the kidneys of the adult LVG hamsters. Superimposed
upon‘thu renal dbétrgction in the newborns' were
hemorrhagés into the brain parenchyma and focal hepatic
lesions. Tiken individually. any of these conditions
could account for tho fatal outcome of infactions An the
newborn, however, death wasg probably due directly to the
kidney lesions (Dr.‘F.A. Murphy, peraonal.communication).
Some ovidence of an'infiltratiye host response was
evidenf in the infected kidneys and brains, but the
contribution of this inflammation to the overall
pathology was probably minimal.. These observations _
sgggeat that tha'fatal outcome cgkbichinde virus infaction

in the nowborns was related to a virus-induced patholégy

and that one or morq'factora affaocting vibua_replication

171



- were found in’ the MHA hamqters.

; 172

and leading to resistence develop with age.

I found differences in susceptibility to Pichinde
v1rus infection among adult hamsters of different
strains. - Ad?lt hamsters of the MHA inbred strain were
found to be susceptible to lethal Pichinde virus'
infection. The susceptibility was observed over a
wide range virus doses from 35 to 3.5 X 10s PFU, and
the animals usually died between 12 and 21 days after
ipfection, somewhat later than the infected newborns.
Tﬁ\ MHA hamsté?s were found to have significantly
highar levels of virus in the blood at 8= ll days after
infee on than LVG hamaters which rarely showed ill
aeffects of the virus. Further, the virus titers
appeared to be similar during the first 4 days of the
infection, but differed after 4 days. This suggested
that some factor or factors operative in limiting the
infectioh in the LVG animal was deficient in MHA
adulta; Confirmatory results were obtained by examination
of kidneys, spleen and brain of each stiN\in between 1 and

15 days after infection. In each case th highest titers

)

Early peaks of virus titer were observed in

- -
the spleens of MHA and LVG hamsters at 8 days after
infection. It is aignifiqant that . the virus titer
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in the MHA spleens remained at a high level (>10% pFu/ |
gm) thfoughout the.duration of the 15 day study peried,
wheréas the titers in the LVG gpléené dropped during
this period. This may reflect a lymphoreticular
tropism siﬁilar to that reported by Mufphy et al
(1976) in Tamiami virus infection.

Virus titers in the brains of infected animals
offered another interesting cdmparieon. While virus

was not detectable in the brains of infected LVG

5.6 6.6

hamsters, MHA hamsters brains titered 10 and 10
PFU/gm at 8'and 11 days respectively. This observation

| was supported by the hiayélcgic observation of necrotic
lesions in MHA brains at these times, but complete )
absence of pathology in the LVG brains examined. Apparently

‘the virus was able to penetrate the quod-braih barprier |
in the MHA but not the LVG hamater.

Adult MHA hamsters displﬁyed a massive focal
deatrqption of the liver parenchyma1 Addition;l, less
severly affected target organs included the kidneys
and brain. The neorotic lesions ¢bserved were int@resting
in that there was a lack of signifioant clcarance of

necrotic debris; this debris appeared to accumulatc in

and around foel.
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The disease in the LVG hamsters was similar
in character but quantitatively less severe. In these
animals the necrotic lesiene were limited to the

kidney and liver, and were fewer in number. The:

necrosis again appeared to lack significant inflammation.

.The differences in the fsusceptibility

. Pichinde virus infection in MHA and LVG hamsters d

 appear to reside at the cellular level. Brimary #Kidney

cell and macrophages from either strain supported virus -

replication equﬁﬁi& well in vitro., Thus the differences
observed in vive eppeered.fo result from gifferemcee
in control or clearanpe -of the infectiom and not simply
from a lack of replicative potential in the.LVG
strain. (

The results of experiments ueing.the immuno-
euppreseant cyclophoephemide suggest that the control

of replication 1s releteﬁ to immunological factors,

174

Cyclophosphamide (100-150 mg/kg) given 3 daye after infeation

was not found to be protective to MHA hamsters infacted

| with Pichinde virus. On the contrary, the susceptibility

of both MHA and the normally resistant LVG animals was
increased by immunosuppression. This was taken as
evidence that tho disease was limited by immunoclegie

factors which were blocked by cyclophoepﬁemide. Tho
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finding-that-CF antibody levels measured 30 days after
infection were not hreatiy depressed in drug treated
hamsters suégeats that humoral immunity was not
responsible for virus elimination, however, the CF

antibody may have little .or no capacity to neutralize the

~yirus.

-~ J g

. . 4 . J
The susceptibility of several other inbred

hamster strains to Pichinde virus infectionh was tested.
'Although the results w{th respect to one strain, CB,

' were not conaistent, it ap?eara that most of the strains
tested were resistent while the MHA atrain was clearly
auaceptible. Within the MHA strain mortality typically
ran from 60-~90% within 25 days after infection. ‘Eseentially
all of the MHA animals infectedlbecame‘noticably 111

with eymptoms of dohydration, cﬁaci&tion, irritabilityy
diarrhea and facial edoema appoaring arounq‘s -8 days after
infcction followed terminally by 1oaa of &eaponaiveneaa

to stimuli and Qifficulty‘in breathing.

In those animala whnrc the disease did not result in
death, tha animala ex ibited the aarly symptomsg for

.a variablc period and thon usually improved. Such hameters
were noticably ,smaller than their age matched controls,
and were uaugllg\aomewhat more irritable for d month or

more foliowi&g recovery.



k‘\ Simil&fity exiﬂtn-bntggcn Pichinde virus
infection in thé\idult'ﬁﬂh hamster and LauaﬁfPoQor'in
hﬁmano. In lLassoa favorg liver necronis has been raporrnd
which may bear some aimilarity to that. obaervod in--
Pichinde infccted hamsters (Winnkat al, 1975). These
comparigona await furthar examination of. both diceanas

in order-to be validated. , | '
| There in litth similarity betweén Pichinde
Qirﬁb‘digcaae in adult hamoters and LCM disease in the
-adultlmducc Whereas LCM discasa is mirked by maanivc
infiltration of the meningeo and in gome caseg, the
infgctcd viscgra, Plchinde  virus digease ohows little
infiltration of infcétcd ticsues. 1In addiinn,
cyclophospﬁamid:troatment,'known to induce chron%é LCMY
carrier mice (Gilden et al, 1972a), increaced the oeoverity
of Pichinde virus.digease. |
: The obaervaéions of age dcpeﬁdence of pathogcncaiu

of Pichinde virus infection are in aharp contraet to

the reported Btudicﬂ of LCM virua. In LVG hamnters, death
‘ia obscrved in the newborn but not in the adult after
Pichindc virun infection, whereas in LCM virus infection’
" of mice, the bppositeﬁ?? observéﬁ. -The deéree of
pathology after Pichindé virus infection appears to be

related to virus replication in vivo. Comparing adult

.MHA and LVG hamsters revealed an association between
.
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fatal infection iq MHA hamntann‘and ﬂigh'qitura of
"virus in-the tissues. .;mmunosuﬁpranaion'with‘
cyclophcnphaﬁido. a procédura which han:béén'demonﬂtrated
to save LCMV infectéd adult mice from doath (Gildon
ot al, 1972&), renders normally reniﬂtunt IVG hamstern
“guncoptible to -lethal infection by Pichinde virus,

Nathanson ot al (19875) have reported hecrotic
digease following LCM and Tacaribe virus infécfionn‘in
the rat during the first 4 days of 1life, These leciono
are ccnfined to tho brain and retina in these animals,
and . gcncrally appcar from' 7-12 dayn aftcr intracerabral
infcction. These workers have alno,demonutratad necrotic
lesions in“LCM éafrior mice which had been reconstituted
with LCM-immuné spleen cells. These quiohn were observed
in the c;robellum, liver, and nplocn'and were generally
unagcompaniod by histologic oviﬁcpce of inflammation. .
Thé nigqificanco of t; ge lesions in terms of acute LCM
virus diaehae has not bucn'eprOrcd} but they do oerve
to illustrate a potential immunopathological genenis of
necrotic disease. It does not appear, from thc data obtained
in thc present study, that Pichinde virus dineasc in
thc adult M@A hamster repregents an immunopathologic
phenomenon. To draw thip- conclusion, howcver, will require

further experimcntation

v E .
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| _Persistent arenavirus {nfectionn can occur
\Tﬁﬂthq_praaancefof detectable antibodinu to the virus;
thefantib&dipn ﬁavb beon ddmonytfated by complement
fixatioﬁ test in pcruiﬁtcnf Lcﬁ virus Iinfection
(Ho1rhin, 1962; Oldstone and Dixon, 1969, 19707, Piéhindo
virus infection (Trapido and Sanmartin, 1971) and
infections by other Tacaribe complox yiruuaﬂtirovicwnd'
by Johnson ot al, 1973), The viral antigens againot
which the antibodies Are directed}mvc not been. establishsd,
however from my results it would appear to bes the soluble
" CF antigen.
I found thnt the boot. antiacra in terms of hiph
titer in CF teat and sharp immunodiffupion reactivity
were convalescent sera from hamsoters and\guiﬁoa_piga
which had been ihfcctod with 2 X 10"-10° PFd of.virun
intraperitonecally. Althouéh the inoculum used (ptock
_virus diluted 1:100-1:1000) contained between 0{02%

and 0.002% fetal calf serum, no aﬁtibody againat FCS '

hY

proteins was detcctable, The sera from both hamoters

and guinea pigs were also clean with respect to reaction
Azainat non- infecté&“BHKZl cells, The p;bblcm of
lcontaminating anti~ BHK call antibody activity was experienced
in attempta to raise rabbit antisera. Viremia was
demonstrated in bbth hamsters and guinea pigs after

- virus inoculation. The anti-Pichinde virus antibody
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" produced was. made in raﬂponao te the infoction in the

Aanimal, and not in response to the ralatively small

amount_pf virus in the inoculum, Replicating virus

PO

_appoarcd'tb supply a self-perpetuating antigenic

stimulus in‘thc.infocted animal.

e Convaleucont gsera apparently contained antibody

- reactive to both aolublo internal antigena and to

virus specific surface Hetorminantn of thc infected colls.
Virus-neutralizing activity was not, however, detectable
in these gera, 'ft cannot be gtated at this time whether
or not the uunfaco'aﬁfigann.dotectod on the infected

celln are the same as those present on the virion,

| Furthermore, binding of antibody to the surface of the

virus may not result in neutralizatioé of infectivity.
hoporta by Webb et al (1970) "and by Johnson et al (1873)
have described difficulties in neutralizing some of the

Tacaribc complex viruses. It ig attractive to apoculato

‘that thia difficulty in neutralization is in come way '

- related to virus persistence. Neutralizing antibody

has been demonstrated in patients convalescing from both
Argentine and Bolivian hemorrhagic fevers (Teysanie et gl;

1971y Webb et al, 1969), however, in Callomys callosus -

infected as sucklings, virus persistence was never
7

accompanied by virus-neutralizing antibody (Justines and

179
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. Jéhngon, 1969). In C. gallosus infected as adulto, .

_ktwo~pattornn-wcbn evident, - Followiag'an-initinkl

. viremia, some animala.cieareq virus from the blood and
developed ncqtralizing hntibody,rwﬁilé'in others ¥hé
Ayiﬁua persisted in the abnencovof nautra%izing antibogy

-

(Johnson ot al, 1973),
The present studies haVerdo;onatrated two Qirua-'
spccific soluble antigens detectable by‘immunodiffﬁaion
‘in saline extracts of cells infected with‘Pichipde‘viruu.
Some of the demonstrated biophysical and blochemical
properties of thesc antigens are similar to thoaehs
described for the soluble antigens cxtfacted from cciln
infected with LCM virus (Bro-Jorgendoh, 19713, Notahlé :
among these is the ability to_diffofentiatp the two Jﬁ
antigens by the properties of heat stability and reaisteqco
to proteolytic enzymes. In both the present study and
the prcvioual§ roported study, one of the antigens wan
resistent to heating and to pronase while tﬁe other
antigen was ouacopt%ble to both troatmenté} A similar
sedimentation constant of 3;58 waa .also found for both
of the antigena, and a diminution in thc‘antigenic
détivity of the aedimenting peak was oSaerved_if the

antigen preparation was heated prior to certrifugatien.

L "
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An impertant difference noted in tho data
presented here from that of the LCM study ie in the

apparent molecular weight of the—antigens, Bro-Jorgonson‘

estimated thc1holecular woight of the LCM antigen “to- be

" 48,000 based on an § valua of 3.5.m.For the Pichinde virus

antigens I have dctermined an. apparont molecular weight
of between 20,000 and 30,000 by gel filtration in two
different media. Analytical gel filtrntion in 62200
Saphadex, a doxtran medium, yielded a valuo of
approximately "20,000 rolative to marker proteins, whila
subgequent oxgurimenta uning Bliogel P-200, a poly=-
/acrylaﬁido madium, have resulted in a moleeular welght
oafimatc of 28,000, The difference in the two values
may rofloct retardation of antigen elution in the
Sephadcx gel, due to non- apocific adaorption. This is
gupported by the observation of a broader aproad\&f the
eluting antigcnic peak from the Sephadex celumn. In
“the antigen peak eluting from beth types of gel filtration
media, only the major (heat stable) antigen was detectable
by'immunodiffusiqn. ‘No other reproducible antigegic peaks
were demonstrable, in Blogel P~200 of Sephadex‘G-2OG
‘eiuates. Based on these observations, I have made the
assumption that the ma&or antigeﬁ.mcpunta for the bulk

/ -
of ‘the antigenicity detectable.by CF in the soluble

-~
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to the heat stable antigpn, focused at pH 5.2.

e
f/:,t.ﬁ"'"

ax;rﬁf;a of infoctad cella.
Isoelectric focusing of the major antigen in
pH gradionta waa ponsiblo with high recovery of antigen._

The major peak of antiganic activity, corroupondi g

of the lsocelectric foéuaing bittarnn of ident

.praparﬁtionu from infected and. control cells (Figure 21)

revealed that there was no discernable peak of radio-

labelled proteinruniquely attributable to the focused

. anfggon, suggesting that the CF antigen fdrmeq A\ '

quantitatively minor proportion of the tdxal'protoin
of the infected cells.  This 1is not surprising in view
of the non-cytogidal hature of the Pichinde virus

infection in Bszi cells, -Neither Pichiﬁdg virus nor

other arenaviruaea'shuf'off host macromolecular ayntheaib,

and chronic infections in cell culture are easily

established (Lehmann-Grube et al, 1969; Staneck et al,

1972, Rawls and MecMillan, persomal communiéation, 1975).,

Partial purification of the major CF antigen. from
lysates of infected cells was difficuif-to accompliah.
Although the antigen was readily detectable in such )
extracts b; CF-or immunediffusion, and formed morpho-
logic&l inclusions which could be'viadalized ih_the

cytoplasm of infected cells by immunofluorescence, the

182
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" of 3H amino acid label was recovered from an initial

| 163
fact that’hoét~npcqifié protein ﬁynthanio was not , -
uupbrenucd compounded the difficulty of thh purificafiqn |
problom. Nonrinfacted contrbl cell sxtracts were
laballed and purified in parallel, and the products of

thoue purifications compared by acrylamide gel electro-

phoreaia with the infected cell products.’ Ap 11lustrated
by ‘the data in Table XI, the gbeafeat increases in R
apecific activity of the purified antigen wero obtaincd }
by inoeloctric focusing and subsequent gal filtration

of the focuaed antigen pool. Pooled antigon from an:
isoslectric focusing gradient contained 6~7 major

polypeptides by SDS-PAGE. Of these; 2 appearcd to be |

.
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apecific for infected cells. Upon gel filtration of

the fdcuaﬁd antigen all of the antigenic activity was
aﬂﬂociatcd'with thé‘lowent molecular weight.species

eluting from the column.

Further evidence of the purity of the eluted
antigen was shown by SDS-PAGE where ﬁolypeptidcs of
ap;roximately 15,000 and 20,000 molecular weight were
observed and no demonstrable polypeptides were present
in the parallcl“control; The highest purification index
.obtained was 40 fqld over the atarting‘lod,ood g aupcr¥

| f

natant. In this experiment, approximateiy_?S,O 0 CPM
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input Pf over 5 X lOG‘CPMl, In tPrmé of rocqvoqb4mGF '
antigen, the puadfication yielded approkimatﬁly.3000 ‘
CF units of an initial 15,000 or 20% of the starting
antigoni&ity.' Assuming that multiple antigenic species
were present in the original preparation, and that the ‘
quantitatiVQlQ hinor anfigcna reu{dcd in fractions other
than those retained during purification of the major
antigen, the recovery seems recasonably good’,

The CF and immuneodiffusien antigena'havé been B
shown to be viral components. Thiso association ig supported
* by the two lines of evidence presented in this study
and bf the work of otheres working with LCM virus
(Gscﬁwendcr,‘lé?S; Gochwender and Lehmann-Grube, '1973).°
Initial evidence suggesting that tho major antigen was
virion asoociated came from experiments in which the
‘NP-QO generataed "core" components of fractionated
virions induced, in immunized guinca pigs, antibody
with‘spccificity identical to the antiserum against
majdf-CF antigen deriveq from infiected cells. The titer .
of the anti-core sera was comparable to that of antisera o
raised by inoculation with infact virusg, and the reactions
obbprved‘by immunofluorescence were similar for both the
anti-&irul‘and anti-core sera. One could argue that
the anti-core gerum was, in‘facg an immune serum generated

/
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by infeétién of the guinea pige with a surviving
fbaétion of the driﬁinal\vivun. Thin ponoibility was
Tuled out by domonntragion of complete lomn of
inféctivfty a6 judged both b; pladue agssay and by
failufe to isolate virus from immunized guinea plgn at
G—and 9 days aftor‘inobulution; timen when virus wag
rcadily.iaolatod'from animulu‘inoculhtod with intact
virun. Since CF hntibody was not i%ducéd after
iﬁoculqtion with NP«40 solubilized virion_componenta;
the antigen Qas tcﬁfativoly-anaociafad with th; core.,

Further, more direcct, evidonce of the association
of the CF antigen with the Virion'cAmo from experiments
" dn which milligram quantities oflpurifiod Pichinde
virus werc treated with NP-H0, cthy} ether and RNase
and then used as antigen in iﬁmUnbdiffﬁsion. Ao proviously
shown (Flgure 30, virus treated in this maﬁnerﬁcon-
tained antigonaleanily demonstrable gy immunodiffusion.
The reason other workers have fLiled\to.ddmonu?rato
the/dssociatioﬁ of the CF antigen with the virion in two~
fold. Most investigators '(Smadel et al, 1939; Bro- ]
Jorgenaon, 19714 Guchwénaer and Lehmann-Grube, 1973) have
attempfed to detect CF activity in whole, hndiorupted
virus. It 1s evident from the data presented in this

thesis and from recent data presented by Gechwender (1975)

that the CF ankigen‘iS‘hot repfesented on the surface of -
N .

- . Cean LR Yy



186
fha intact virion. Sncohdly, raproducible domonatrat40§-
"~ of the antigen by, .immunodiffusion required, in my
hando, troatment of the NP=i0 disrupted virus with

ribonucleanc. " This obpervation explained w%y pravious

1 E

attemptso to doménntrato antigenic acg}vity by immuno=-
diffusion viruo had failed. Thin RNane mcdiatod releaso
of anfi&gn nuggentod that the éntigon ip aspoclated in
some way with the virion RNA. —
The ansoclation of RNA and the antigen within '
the virus "core" wap shown by another experiment..
Purified vifuo was treated withrdotorgcnt:then contrifuged
to pcllat.tho "coros", and these were in turn froatcd
in RNase and again centrifuged on a 5-20% oucroge ﬁradiont.
Treatment o(fgg;'pruvioualy insoluble "core" pnrticloﬂg
with RNase reoleased antigenic activity dotectable by
CF and immunodiffusion which sedimented in the second
gradient at about, 45, domonstrating cloufly_that RNA was
necchsary for the insolubility of the "core" antigeﬁa.
The ntructurg of the putative "core" particle is un-
clear . a{/;hia time. Typical cores have not been
demonstrated in ultrastructural studies of the arona-
viruses (Daltdn et al, 1968; Murphy et al, 1970).
Given this lack of demonstrable core, the insoluble

material pelleted after NP-40 treatment may represent

a nen-gpecific aggregation of virion proteins with RNA.
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The polypeptide composition of thin "eore! ﬁnrticle
waﬁ, however, rapeatedly oshown to COﬁﬂiﬂthf the VI

and Vi pelypeptiden and tho VII glycopoptido. Antigen
dntuctabla by CF.wan clcar]y ansociated with the
atructuro containing thene polypeptides,

Gochwendor (1575) workinﬁ with LCM virug han
demonntratod a oimilar asnoclation .of antigen with
virus. Using monoapecific an%inerum ngainntY?ﬁﬁm—*
ektrndtqblb CF antigen (LCFA) of LCM virus he has
demonstrated activity by immunodiffusion againnt
components of disrupted LCM Kirua. Antigonicity
couid not bo auuignodito aitﬁof the nurface of the
virion or.of the infocted coll by sevoral methods. In
the pronont ntudy we wore unable to demonptrate ro-
Tctivity of the antisorum againot tho major CF antigon
reaction was rcadiiy domonstrated.

The relationship of tho two low molecular

welght polypeptides obsorved in purified antigen with the

%ore"polypcptidea was perplexing. In SDS-PAGE neither

of the two polypeoptides co-migratcd with any of the

at the surfacec of infectod cells,although the cytoplasmic

187,

'core" polypeptides, although the smaller of the two migrated

cloge to VIV’ the smallest virion polypeptide. Based

on these findings, one may propose two potchtial mechaniamg

to account for thé relationship of the low molecular
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woight porypaﬁt¥aon of purifind‘auriuen wﬁfh thnhgf?ﬁnn
"coro"polypoptiden. i o i
The firat potﬁntia] mnchnnium du rhaL thh'
umnllont of the antigen polypnptidnn rnprnnnntu a
modificd formof the Viy virien polypaptido. rn 1hn .
call nanocintud form, the VIV polypoptido may bh uliaht]y
largor thuo nocountinu fqn the umall difference in
oloctrophofutic=mobiiity in PAGE., Theare is no diroct
évidonco‘to"nuppoht thin hypothesin at the present.
Another potnqtial mnchnninm‘fqb tha generation
of low molncularfwcight. antigonic polypoptiden in Ly
protooiytiq cloavage of ono of tHo larger virion
polypaptidan VI or YII' Coll anuocintuﬁ VI or VII may
be tleaved by protoolytic onzymes, prosent in tho cytoplanmic
oxtractua, yinlding_low molecular Qoight frapgments of
thch oné or both may rotain antigonicity. That the
antigenic fragment io rnaiﬁtggt to proteolyanin 1o
supportod circumgtantinlly by the demonstration that the
méjor antigon 1; pronauc renistent. . a
:Additionql ovidence to Bupportqthofprotoolytic
cloavage hypothenls comes from data obtaincd by iso-
eloctri\\TOcuning of the protcinn of purifiod virua. In

thesc oxperimonts the major peak of CF antigen was always

_fqund associated with the larger polypeptides. This
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Suggesfed that the larger polypeptides carried the
antigenic'detgrminant.
Definitive proofrof:the molecular identity
of the CF antigen awaits.further study. An approach
wﬁich I feel would be fruitful would be to label the'
viral polypepfides at high spe01fic act1v1ty, purify

eédh, then compare tryptic dlgest maps of these with

.maps of CF antigen purified from infected cells.:

L3

Pichinde virqé has..been préviously shown to
be ihhibiged by acfinomycin D (Mifgﬁelgg 51, 1871), a
charactefistic shared with a numbef of other single-
stranded RNA coﬁtaining virﬁseg; Since actinomycin D : /

-

inhibits the transcription of RNA from DNA, inhibition -~

by this drug implies either RNA dependent-DNA polymerase

activity (Temin, i963) or a requirement during replication
for_host'cell gene expression. Pichinde virus qontains

nd deteétable RNA dependent-DNA polymerase (Carter et al,
1974), therefore it was assumed that expre831on of host
cell genes was necessary for repllcatlon. In the
repllcatloé of influenza virus (Pons, 1973) early
transcription of the vira% RNA is blocked by actinomycin
D. A siﬁi;ar bloekdge of viral RNA synthesis has been

observed in the replication of lactic dehydrogeﬁase

virus (Brinton-Darnell et al, 1975) however, unlike
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influenza virus, LDH virus yields wéré feduced’whqn,
the drug was added. late in the replicative dycle
:(Yamaz;ki and thkins, 1375)., The effect of écfindmycin
D on Piéhinde'virusrreplication-was similar to that o
.seen on LDH. Actinomycin D added late ih the réblicative
,éycle was s8till inhibitory to fhe virﬁs (Rawls et al,
1376). The present studiés have demonstrated\that .
_partlal expre581on (antlgen gynthesis) of the Plchlnde : -~
virus genome oécurs in the presence of actinomyecin D
'/concentrations which are inhibitory to virus reﬁlication.‘
. Normal, or nearly normal levels of antigen on a per cell
basis-were éynthesizgd, therefore appreciable translation
frém the viral messenger RNA must have occurred. Since
the virion RNA does not appear to have a messenger ot
funetion (Dr. W.C. Leung, pebéonal communication) this
implies prlor tranacrlptlon from the 1nput virion RNA
or possibly a repllcatlve intermediate. ' . Y
There appears, on the baBlB of th&m data, to
be a requirement for host cell RNA synthesis .in. the
replicative cycle of Pichinde virus. The fact that all
of the identifable‘anfigens-were Synthesized'in the AD
treated, virus-infected cell coupled.with the demonstrated
accumulatlon\of viral antlgen at the cell aurface suggests
that the defect in replication in AD treated cells may

reside at the level of virus maturation. The lack of
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detecggble defectivé.virus particles in the super-

natants 5? such cells albng with no demonstrable increase

fn cell-associated infectious virus lends credence to - -
., this hypothesis.

A similar dispociation of virus replication'from

antiéen synthesis was observed in”Ver§ cells infected

by Pichinde virus. 1In these expeffﬁents expression of

éurface'antigen‘and aynthesis of new virus were found to

peak at 24-48 hr after infection then rapidly decline

thereafter. Inté?nal antigen, on the other hand, re-

mained relafively constant for the duration of the 5 day

 experiment.' These data imply that some fOPm~Q£ control

. . , BN !
was imposed on the replication of the infecting virus.

‘Other inveétigators have noted dissociation
of antigen expression and virus thesis in arenavirus
infections in vitro and in vivo. Lehmann-Grube et al &
(1959)‘€§1ab1ished a persistent infection in L cells with
LCM virus. Following repeated in vitro passage, virus
free clones of cells could be isolated which still

synthesized LCM yirus-spgcific antigen detectable in the

PR

cytoplasm by immunofluorescence.
Murphy et al (1976) have demonstrated antigen
synthesis in the absence of infectious virus in vivo.

In cotton rats persistently infected with Tamiami virus,



infectious virus disappeared.from all organs tested

at around 40 days after infection. In the brain,

however, antigen detectable by immunofluorescence was
evident in the neurons for the dﬁration of the 360 da&
o study.. i
| Thege stﬁdies suggest that the arena&irusea
possess mechanisms by which virus production can be
'shut off in the infected cell without complefe loss
of viral genbme expression. Whether this is accomplished
by a.provirus-like meéhanism similar to.that seen in
SV-L0 and polyoma -transfoPmation (reviewed by Butel
et al, 1972, and.suggested for the oncornaviruses
(reviewed by Temin, 1971), o; by some other as yet
undescribed mechanism is unknown; It is intriguing to
‘apeculate that this sort of regulation of virus and
antigen‘expression plays an important role in the
establishment and mainfénance_of persiéteht infection,
but confirmation of this hypothesis awaits furtﬂer
iﬁvestigation.

-
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. SUMMARY AND CONCLUSION

-

While Pichinde virus hag only been isolated from

Or yzomys albigularis under natural conditions, it appears
that the virus can infect a broad rapge of mémmalian
ﬁosts. Studies of the pathogenesis of Pichinde virus
fnfection in MHA and LVG hamsters have emphasized the
varied pathology of this dbehavirus infection: By
manipulatinglvirus-host combinations.and‘ﬁge at the time
of inoculation, a range of pathological conditions from .

inapparent infection (humans) to severe necrotic

disease (MHA hamsters) can be produced. Between these

- extremes lies the prev1ously docupented persxstent

infectlon (Trapldo and Sanmartln, 1971)
Until this time, acute arenavirus disease in rodents was
" thought to be primarily immunopathologic in nature.
The ‘demonstration of Pichinde virus disease in MHA
hamsters, a condition apparently related directly to
yirus replicatioﬁ, broadens the scope of arenavirus
induced disease. This model is interesting in that
disease ranging in severity from subacute to lethal
-can be produced in adult animals of a single species;
_ the hamster. 'Thx studies of this model have demonstrated

significant differences between it and the other
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existing acute arenaVirus discasgs which have led to

the conclusion that immune rgsponsiveneés in the

.. hamster infected by Pichinde virus plays a protective

rather than detrimental Tole. Whether this model will
prove relevant to arenavirus digease in humans.re-
maing‘to be seen.

The observation of persistence:of LCM virus
in mice infected as newborns led Burnet and Fenner (1949)
to postulate that persistence was due to immunologic'
tolerance to the virus. This characteristiéiof persistent
infectioh in animals infected early in 1ife has Been .
demonstrated fbr nearly all members of the arenavirus
group. However it is now evident that the pessistently
infected animals produce antibody'ko antigens induced .by
the viruses. Tolerance as an explanation fér viral
persistence can be questioned. |

Based upon the results presented in this
thesis and upon the work of others, several possible
alternatives to absolute immunological tolerance can be
proposed. The first of these is a split'type of tolerance
where an animal would respond with antibody formation to
one class of viral antigens (in this case the internal
CF antigens) but would not produdg antibbd& capable of
neutralizing the vifus. My data, which demonstrate
that CF.antigen of Pichinde virus ig an internal antigen

-

‘
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in the virien, is consistent wlth this concept. Antibody
directed against the CF antigam haa been demonstrated

in persistent LCM virus infection (Oldstone and Dixon,
1969, 1970), Machupo virus infection (Johnson et al, 1973)
and Pighinde virus infection {Trapido and Sanmartin,

1951) would not be_expectéd to neutralize infectious
virus;‘ The fact that virus-neutralizing antibody is

rarely, if ever, found in persistent arenavirus infections

" lends_additional support to this hypothesis.

~——

Fﬁ%lure of the éell-mediated arm of the immune
responge to funection in combattiﬁg éfeﬁavirusriﬁfection
could account for the generation of ﬁersistence. In
this type of split tolerance, antibody. production may -«

function normally, but cell mediated immunity may be

. deficient. Support for this_hypothesis is seen in the

ocbservation that. resistence to lethal Pichinde virus
infection in adult’LVG hamsters can be overcome by
treatment ‘with cyclophosphamide, a procedure known to
protect LCM virus-infected‘adult mice from immuno-
pathologic death due to the cell mediated response
generated inALCM virus infection (Gilden et al, 1872 a,

b)., In this model antibody production, and even
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. neutrélizing antibody may be ﬁroduced,mﬁatgbe in-
" effectual in overcoming théfinfection. Production
of low fevelé ofﬂgsufbaliiing antibody has recently
beén demonstrated.in:éhronic LCM virus infection of
‘tﬂe h&matér\(?arkef Ei gl,;;9765; and-aﬂtibody bound
to virus in tﬁe.bloo¢ of LCMY c&rnie? mice was shown
previously by Oldstone and Dixon (1969). The
suppresséon of cell—mediated;immunity'may‘bg the .
reéult of the previously demonstrated immunosuppressive
effects of'érenavirus inféctfon (Bro~Jorgenson and
Volkert, 1972a, b, 1974; Oldstone et al, 1373, Bro-
Jorgens&n et al, 1975). The immunosuppressive effects
demonstrated appear to affect T-cell functions primarily,
and iﬁ one report (Bro-Jorgenson et al, 1975) the éffect
is' directed against cell mediated cyfqtoxicitg functioni. 

An alternative to the split tolerance hypotPesis
is theidéa that regulation of virus production and antigen
Byntheais in fhe infected cell may allow tﬁe virus to
escape the host defenges. Several lines of eQidence
support the hypothesis that antigen expreagion and virus
production are regulated in the persisﬁpntly infected
cell. Data presehted in this thesis demonstrate that

in infected Vero cells the production of new infectious



virus and the exprehsion.of surface antigen on infected
cells shuts off between 48 and 96 hours after infection.
Complement fixing antigen localized in the cytoplasm

of the infected cells doés not appear to shut‘off.
Similar results have been_reporfed in persiétent LCM .
virus infected cell cultures (Lehmann-Grube et gl; 1969)
and in chronie infection by Tamiami virus in cotton

rats (Murphy et al, 1976). 1In both of these instances
viral anfigen wasfdefectable in the cytoplasm of cells
after ‘the disapﬁgarance of infectious‘virus.

Factors external to the virus such asg
neutralizing antibody or interferon cﬁuld conceivably
affect this shutdown in vive. Alternatively, factors
;elated to virus replicﬁtion, such as the generation
bf defective %ntérferring (DI) particles, may be
responsible. Such DI particles have been demonstrated
in persistent LCM virus-infected cell cultures (Welsh ad
Pfau, 1972). The demqnstratioh ofhé dissociation of
antigen synthesis and virus replication in actinomycin

D treated cell cultures has supplied a tool with which

.

the intracellular events in replication may be approached.

”

Through this sort of approach to the study of arenavirus

replication I feel a betﬁer undersfanding of persistent

arenavirus infections-in vive and in vitro will be gained.
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Dr. Michael Buchmeier
Dr. William Rawls o
Department of Pathology b
McMaster University--—— '
Hamilton, Ontario L8S4J9

Canada

Dear Michael and Bil1l:

Our evaluation of the H & E slides of your study of Pichinde Virus In-
fection of Two Hamster Strains follows:

Newborn Hamster--8 Days.Postinfection

Kidney: Extreme congestion and hemorrhage in cortex and medulla. Massive
tubular necrosis, most severcat the corticomedullary junction (foamy to
vacuclar necrosis). So many tubules are totally missing from the outer
zone of the medulla that this zone appears rarified. It is clear that
this appearance is mostly from loss of tubules and to a lesser extent,
from edema. Necrotic debris is present in all interstitial spaces from
the subcapsular space into the medulla. ‘Karyorrhectic and pyknotic nuclei
are present in many of the remaining tubules. Perhaps the moat dramatic
change concerns the presence of extraordinary numbers of cells within

the lumen of the congested blood vessels and glomeruli, There also are
fibrin-platelet thrombi. The inflammatory cells have very dense nuclel
and narrow cytoplasmic rim. If all of these are blood monocytes (and

few pmns), this would be the most fantastic concentration of such cells
ever. These vessels may contain a mixture of such cells and karyorrhectic
nuclei and debris from necrosis going on in other organs (such as lympho-
reticular organs) These kidneys are incompatable with life.

Liver: Very large numbers of focl of necrotic hepatocytes are present
throughout the liver specimens. The focl of cells which are totally
destroyed are usually less than 10 cells in diameter, but a polychromasia
of surrounding intact cells and nuclear changes in some of the same cells
indicate that destruction of liver parenchyma is progressing much further
than the edge of foci. In other words,- there is the image of focal
infection which has been bypassed by a confluent second phase of the
infectious process. Some hepatocytes are sloughing into sinnsoids in
intact condition. In some areas, it seems that there are too few Kupffer
cells; at least it is clear that there 1s no proliferation or enlargement
of these cells. This {s contrasted by a moderate amount of monocytic
inflammatory infiltration at or near sites of necrosis, near vascular
triads and in sinusoidal lumina. The "focusing" of these cells at sites
with the worst necrosis 1s not evident really. It also seems that there
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is too little phagocytic activity of any sort and an inordinate amount of
piling up of necrotic debris in the foci, Apparently, very little or none
of the karyorrhectic and eosinophilic debris is being carrier away. Coun-
cilman-like bodies are present. A few of the dense monocytic cells like
those seen in the kidney vessels are present in vascular bed of the liver.

Brain: Congestion 1s moderate. There is some mononudear inflammation in
brain parenchyma and in brain surfaces (meninges). The striking lesions
are hemorrhages into the -brain parenchyma from small vessels. The sites
of this hemoffﬁgge are mostly in grey matter and at or near grey-white
matter junctions. They are distributed in olfactory bulb, cerebrum,
hippocampus and floor of lateral ventricle. In some sites, the vessel
wall damage may be seen-~the karyorrhectic debris may reflect neuroglial
degeneration, inflammatory infiltration and endothelial mnecrosis. In
moat sites, the RBC extravasation looks recent--cells still intact, but in
few cases, RBC breakdown 1is starting. One vessel in the cortex seemed

to be distended by a fibrin thrombus. ' Relative to the kidney and liver
lesions, this is much less significant--except for' the importance of this
kind of small vessel hemorrhage a%;the analogue of human hemorrhagic fever.

Controls: Unremarkable

MHA Adult Hamsters

Kl: Unremarkable

K8: Modest congestion particularly in the medulla. In one kidney, there
is very minimal tubular necrosis in foci located in the outer zone of the
meduafa“ d not extending intc the deep cortex. In the second kidney,
the aﬁort of tubular necrosis is present in one focus at the same
zonal locdtion. There are also several small foci of necrotic tubular
epithelial cells in the deep cortex near the juxtamedullary capillary bed
source. The postglomerular capillary bed origin may be a place where
virus 18 most free to leave the bleoodstream. Perihillar fatty tissue has

inflammatory (mononuclar infiltration but no other inflammation). Other-
wise, kidneys are normal.

Kll: One kidney has an extremely large area of the outer zone of medulla
containing necrotic.tubular epithelium--in this area, which includes

about % of the area of the medullary outer zone, nearly all tubules are
involved. This necrosis is characterized by an apparently synchronous
destruction--tubule cells have pyknotic nuclel and cytoplasm in shreds,

No accumulation of the_.debris of this necrosis 1s present anywhere--no

cast formation. XThis tubuldr necrosis extends into the cortex but to a
lesser degree than in the medulla. There is modest interstitial capillary
congestion and glomerular congestion. The second kidney specimen is similar—-

slightly less tubular necrosis and .same perihilar infiltration as seen in
K8.

b ]

Kl15: There is some congestion of vessels in cortex, glomeruli and in the

outer zone of the medulla. There is minimal evidence of tubular necrosis—-
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very few focl of pyknotic nuclei in the outer zone of the medulla. However,
in several focl in the cortex, large numbers of very deeply staining tub-
ular epithelial cells (with violet cytoplasm and black nucleus) are present.
These are necrotic, calcified epithelial cells--this identification is
confirmed at high magnification by the resolution of Ca apatite crystals
in some of these cells. In the absence of any inflammatory infiltration
into the kidney interstitium, this calcification represents an alternative
terminal pathway in the necrotic process. In some tubules, long rows of -
these deeply staining cells are present, but in more sites, they occur as
individual or very small groups of cells intermixed with normal cells.

As judged by the number of nuclei per unit area of the tubule bed of the
outer zone of the medulla, it would seem that the amount of tubular re-
generation was very large'at this time. The second kidney specimen is
identical, except that no active tubular necrosis is evident. Overall,
the magnitude of the regenerative process is such that the kidney disease
is not likely to be the immediately lethal event--of course, animals which
had died earlier may have presented a downhill progression from the _day

11 stage, in which case this organ would be considered a major target.
Such is the problem with a model with a ragged death curve--what is the °
difference between individual animals which die first, last, and those
which survive? The lack of evidence of RBC extravasation or RBC presence
in the lumen of intact or necrotic tubules fails to correlate with the
hematuria which is seen in these animals--there is no histologic evidence
of any hemorrhagic manifestation in these kidneys, but because of the loas
of so many tubular epithelial cells, there should be a fantastic protein
content in urine. The survival of the basement structures of tubules is
consistent with the precision of the regenerative process.

Ki19{ No congestion, no necrosis, no calcification. As at day 15, the
tubules in the outer zone of the medulla appear to have more nuclei (a -
higher concentration of cells) than the K1 specimens (=control). This
would be evidence of tubule regeneration; the other evidence of tubulaéu
" epithelial regeneration, namely the scalloped luminal profile of this
epithelium, was not seen.

Ll: Unremarkable. The glycogen content of these liver specimens is .
very high--the normal baseliné mist include this index of the superior
nutritional condition of these animals.

L8: Large numbers of foci of necrotic hepat ocytes involving from 10 to

50 cells per focus in the plane of section. There are several hundred of

these foci in the plane of section; about 10 percent of the liver parenchyma

is affected. Focus distribution is random in lobules. There is some poly-
chromasia of surrounding hepatocytes (eosinophilia) which is probably

indicative of progressive necrosis. There is also considerable evidence of

cell division, indicative of regeneration beginnings. There are few hepatocytes
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with extremely basophilic cytoplasm--necrosis with calcification beginning.

As in the liver specimens of the newborn-hamster, there 18 no evidence

of any proliferation or swelling of Kupffer cells and in areas near necrotic
foci there seem to be fewer Kupffer cells than normal. Few inflammatory
cells are associated with the necrotic foci (monocytes in sinusoilds and

near vascular triads) than in the newborn hamsters. Necrotic debris

remains in situ (karyorrhectic nuclel and eosinophilic cytoplasmic debris).

.Councilman~ltke bodies present. No sign of abnormal extravasation of

blood cells and no congestion.

Lll: The two specimens differ only in that oJe has marked fatty change;
both have masgive number of foci of necrotic hepatocytes. These foci
are randomly distributed in lobules--in virtually every lobule. The
size of fo¢l 1s somewhat larger tham in L8--up to 100 cells per focus in
the plane of section. There is no apparent Kupffer céll proliferation
and no phagocytic removal of necrotic debris--as in L8, all of the debris
appears to remain in situ., The amount of monocytic infiltration of
perivascular and parenchyma areas seems too modest--perhaps too diffuse
to see. Moderate number of mitoses and binucleate cells. No congestion

. and no RBC extravasation. Overall, the amount of damage is striking,

and although the proportion of the parenchyma reduced to debris is about
10 pgercent, cells that are likely in earlier stages of the necrotic-
progression may constitute another 10 percent., This magnitude of acute
liver necrosis may or may not be considered potentially lethal--but in
relation to the other observations, this hepatitis must be considered the
central pathologic event (of course, lymphoreticular organs not examined
yet). A question regarding these liver specimens is the nature of materials
within sinusolds. 1In areas of necrosis, one consideration was that this
debris was largely made up of materials from another target organ (namely
lymphoreticular system) which had been carried to liver sinuscids in the
blood. However, this is not the case--this debris seems clearly to be
the product of destruction of the hepatocytes at the same site where the
debris piles up. Again, very few RBCs are present in abnormal sites, and
there is n® evidence of hemorrhage.

L19: One liver specimen is normal with a high concentration of glycogen.
The second liver specimen is the same except that few individual hepato-

cytes and even fewer small groups of cells are basophilic (magenta cytoplasm)-—-

at high magnification these cells may be seen to be undergoing necrosis with
calcification, No inflammatory cells are associated with these dark hepato-
cytes. Kupffer cell population is normal.

Bl: Unremarkable

B8: Unremarkable
Bll: Brain surfaces hiormal except for one small focus of inflammatory in-
filtration into meninges (round cells). Brain parenchyma normal.
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B15: Brain surfaces normal. Brain parenchyma normal except for a necrotic
focus in the posterior commisure of the hippocampus. This lesion had in-

- distinct margins and consisted of a rather basophilic debris and lucent
space filling its center. This lesion 1s next to a small vessel. There
are no inflammatory cells in or near this lesion. In general, this lesion
looks like the bland necrotic foel which occur in the brain of mice in~
fected with LCM or Tacaribe viruses or LCM in rats. There are few other
focl which possibly are similar in nature but are too indefinite to be sure.
Ancther lesion with more of the lucent, bubbly space and less basophilic
interstitium 1s present in the putamen.

B19: No necrotic foci seen and all brain surfaces normal. A moderate
amount of perivascular cuffing (round cells) is primarily located in areas
adjacent to the floor of the brain (midbrain). These cuffs surround
medjum sized vessels and are two or three cells thick., No neuroncphagia.

LVG Hamsters

4

Kl: Unremarkable

K8: Modest amount of tubular necrosis focally present in the outer zone
of the medulla (same site as in MHA)--evidenced -by pyknotic nuclel and

dissolution of tubule cells. HNo casts, Modest degree of congestion and
inflammatory infiltration of hilar fatty tissue (no other inflammation).

K1l: A definite progression of the tubular necrosis is evident--more
cells per tubule, and more tubules contain necrotic cells. Little necrosis
of cells 1in deep cortex; center of necrotic foei still in outer zone of
medulla. Overall, the focl of tubules with necrotic cells are in only one
quadrant of the medulla of each kidney--and even in this quadrant less
than half of the tubules are involved, and a minority of cells in affected
tubules are necrosed. No inflammation, no congestion, no hemorrhage, no
cast formation.

K15: The amount of tubular necrosis is similar te that on day 8 and less
than on day 1l1. In each specimen, there are one or two large foci in the
outer zone of the medulla, but in each focus, few tubules and few cells
are involved. Typically, cells with pyknotic nuclel are intermixed with
normal cells--probably indicating regeneration. No inflammation, no
hemorrhage or congestion, no cast formation and no calcification.

Ll: Unremarkable .
LB: One liver specimen normal with high glycogen content. ' The second liver
specimen, degpite similar high glycogen content, has a modest number of foci
of necrotiec hepatocytes. These are randomly distributed in lobules. There
are about 30-40 focl in the plane of section. Foci vary from 1 to 30 cells
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in the plane of section. The foch;re different than those in MHA hamsters:
the hepatocytes are nearly intact, with pyknotic nuclei and smooth or
granular dark cytoplasm (Magenta). Where cell margins are lost, the

center of foci have a confluept granular appearance. The character of the
cytoplamic debris in these sites suggests early calcification. Kupffer
cell population appears normal, even near the necrotic foci. There is none
of the karyorrhectic debris as found in focal lesions in MHA hamsters.
Absolutely no inflammation. This is an extremely bland necrosis.

L1ll: Both liver specimens are identical to the L8 specimen with necrotic
foci--about 20 small foci per liver profile are present, and these are

the same small size as in L8. The same bland necrosis without nucleorrhexis
leaves calcifying cells nearly intact in the lesion site without any in-
flammation.

No L15 specimen, ' Lo :

No lesions found in any brain specimen of the LVG series. ”
* l'

Conclusions: Fantastic set of slides and the most beautiful H & E stain we
have seen in a long time.

1. Expand organ and tissue collection in next run--especially to include
lymphoreticular organs (thumus, LN, spleen and marrow). Include:- :salivary
gland (submandibular) and as many other organs as you can manage. Include
cerebellum (may separate from rest of brain). Age matched controls needed.

2. Do send conjugate and dilution data with the frozen tissue.

3. Max Chernesky, Virology Lab, St. Joseph's Hospital in Hamilton 1is
interested in platelets va. viruses—-he would be interested in collaborating
with you, I believe, since arenaviruses really hit megakaryocytes.

4. Karl Johnson, who now has labs across the hall, was very interested in
your observations. With full'credit to "you all" he 1s ordering some MHA
hamsters to infect with Lassa virus. We are also very interested in your
observations with peritoneal wash cells--fantastic virus yield--on a’
"per cell" basis it must be as high or higher yield as ever gotten with an
arenavirus (like the human lymphoblastoid cell-Machupo virus pair in our

J. Virology paper years ago). How about some EM of macrophages at peak
yield time?

[ %% .
5. It is too early to draw conclusions, but..

a. There 1s no histologic hemorrhagic disease in MHA adults to mimic

human disease--if hematuria is real, it must be very subtle histologically.
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b. However, the liver disease (focal necrosis) is very much like the
human Lassa fever we have seen--a range of necrotic changes from
bland to vicious and too little host reactivity. This may be the real
merit of your model. v

¢. The newborns have a very interesting disease which may be most
valuable in comparison with MHA vs. LVG adults. Py ’

d. The LVG animals are great for our microscopic comparisons (as well
as your quantal comparisons)--we were surprised at the magnitude of
the necro .sis--although the difference in the two strains is great
encugh to explain life vs, death. The blandness of the necrosis in
LVG was striking--1ike petrification.

e. All in all, is it possible to suspect that the key to the outcome

of these infections concerns the relation of virus with macrophages?

The only exception to this would be in the LVG adults where liver

(and kidney) lesions were resolved without any cellular influx.

f. Many slides forthcoming (as soon as developed and labeled). —-juc\g;?jxp\
‘We will be in touch by phone soon.

- _ Sincerely yours,
' Frederick A. Murphy, D.V.M., Ph.D.
Chief, Viral Pathology Branch





