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Summary. Guinea pigs infected with low-passage Junin virus of human origin showed
viral strain dependent differences in mortality, LDs,, time to death, and in viral spread and
distribution. Different Junin strains appeared to cause at least two broad patterns of Argen-
tine hemorrhagic fever in guinea pigs. A number of strains of Junin virus caused a viscero-
tropic type of illness in which virus replicated predominantly in lymph nodes, spleen, and
bone marrow. With the most severe visceral forms of Argentine hemorrhagic fever, the guinea
pigs became viremic, developed necrosis of spleen, lymph nodes, and bone marrow, showed
gastric hemorrhages, and all animals died within 13-15 days. Other Junin strains induced a
neurological type of illness with transient viral replication in and lymphocyte depletion of
spleen and lymph nodes, with no detectable viremia or viral replication in bone marrow.
Subsequently, virus was found in the brain with varying severities of polioencephalitis, and
the guinea pigs frequently showed rear leg paralysis before death occurred 28-34 days after
inoculation. Not all animals infected with a neurotropic strain developed all these signs. One
viral strain induced some signs characteristic of both patterns of illness. Aithough the disease
forms in the guinea pig model did not strictly correlate with those observed in the humans
from which these strains were obtained, the different strains of Junin virus consistently caused
very different patterns of illness in infected guinea pigs.

Address inquiries to: Dr. Richard H. Kenyon, Dis- Introduction
ease Assessment Division, USAMRIID, Fort De-

trick, Frederick, MD 21701-3011 (USA) Junin virus causes Argentine hemorrhagic

fever (AHF), an acute, severe disease with
mortality rates of 15-30% in untreated cases.
The reservoir for Junin virus is Calomys mus-
culinus, a small rodent inhabiting corn and
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soybean fields of Argentina. Human in-
fection is believed to occur predominantly by
aerosol exposure. Our current knowledge of
AHF pathogenesis has been enhanced by
data from the experimental infection of mice
[1, 2], monkeys [3-5], and, especially, guinea
pigs [6, 7]. Although valuable information
has been gathered by using mice, the experi-
mental disease in this model is dissimilar
from that seen in man. Several New World
and Old World monkeys have been evalu-
ated as prospective models for AHF. Rhesus
macaques were established as a model
closely reflecting the clinical features of AHF
in humans [4, 5]. Disadvantages of this
model, however, are cost, scarcity, and the
large size of the animals, restricting their util-
ity to very specialized studies. Much of the
current knowledge of AHF pathogenesis has
been derived from studies with guinea pigs,
and most of these have been conducted with
a single strain of Junin virus, the prototype
XJ strain [6, 8].

In humans, a spectrum of clinical AHF
disease patterns is observed. Some individu-
als are only mildly ill, whereas others show a
severe febrile and hemorrhagicillness. Expe-
rienced physicians generally classify AHF
into mild or common, hemorrhagic, neuro-
logical, and mixed forms [9, 10]. The purpose
of the experiments presented here was two-
fold: (i} to determine whether low passage
level Junin virus from confirmed human
AHF cases caused a consistently lethal dis-
ease pattern in guinea pigs and (ii) to deter-
mine whether the patterns of illness pro-
duced by the different viral strains in guinea
pigs correlated with the pattern of iliness that
these same strains caused in humans.

Materials and Methods

Viral Strains
The attenuated Junin viral strain, designated
XJ44, was obtained by 44 successive suckling mouse

Table L. Virulence of different Junin viral strains in guinea pigs

Strain Human Number dead/ Number paralyzed/ log MTD
designation® clinical disease type total® total PFU. LDy, todays
P3790 fatal hemorrhagic 20720 0,20 -1.3 17.3+£2.7
P3235 nonfatal mixed 20/20 0/20 -0.7 145+1.7
P3406 fatal neurological 16/18 0/18 -0.5 19.0+23
P3551 fatal mixed 11/15 1715 22 20125
P3684 nonfatal mild 4/10 3710 4.0 27.8+39
P3827 fatal mixed 4/20 4/20 - 280£59
XJ44 - 0,20 0/20 - none
Candid No. | - 0/20 0/20 - none

* Allstrains except XJ44 and Candid No. | were isolated from patients with AHF. XJ)44 is a laboratory-deri-
ved, attenuated strain. Candid No. | is an AHF vaccine candidate.

*  There were 5,000 PFU/inoculum.

¢ For MTD ( + SD), guinea pigs were inoculated intraperitoneally with 100 LD, of all strains except P3827.

Animals inoculated with P3827 received 5.0 log,, PFU.
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brain passages of the vi:ulent XJ strain of Junin virus
[11). Candid No. ), another attenuated strain, was
derived by cloning and passage of XJ44 and is cur-
rently being tested as a human vaccine [7). All other
strains were obtained from patients with confirmed
AHF and were from the endemic areas of Argentina.
Other publications have referred to some of these
stains as Romero (P3235), Coronel (P3827), Espin-
dola (P3790), and Ledesma (P3406) strains. Blood
samples from ill patients (strain P3551, postmortem
liver tissue) were inoculated onto MRC-5 human
diploid lung cell monolayers. Viruses were passaged
an additional time in these cells and then once in Vero
cells. Dilutions of virus were made in L-15 medium
supplemented with heat-inactivated fetal bovine se-
rum (2%). Infectious virus was quantitated by coun-
ting plaques in Vero cells, as described by Webb et al.
[12]. All viral strains, except Candid No. | and XJ}44,
were manipulated under P-4 containment [13, 14].

Guinea Pigs

We used male Hartley strain outbred guinea pigs
(350-400 g) obtained from Charles River Laborato-
ries and inoculated them intraperitoneally with the
various viral strains. To determine 50"« lethal dose
(LDsy) and mean time to death (MTD) for each of the
Junin viral strains (table 1), we inoculated groups of
15-20 guinea pigs with decimal dilutions of viral
stocks and observed the animals for 60 days. The LDx,
was calculated by probit analysis To determine organ
viral titers and to examine histologically tissues from
infected guinea pigs (table II, fig. 1), we inoculated
groups of animals with 100 LDy, of each strain (5.0
logiy PFU for P3827, XJ44, and Candid No. I). For
each of these groups of guinea pigs, a single randomly
chosen animal was killed by carbon dioxide, starting
at 2- or 3-day intervals through day 21, starting on day
3 or 4 postinfection. With certain neurotropic strains
of virus, some guinea pigs were paralyzed after day 21
postinfection. With these strains, after day 21, para-
lyzed guinea pigs were killed for the data presented in
figure | and table I1. These paralyzed guinea pigs are
indicated with a P in figure | and table I1.

Serological Assays

Indirect fluoresecent antibody (IFA)titers against
Junin virus were determined according to the method
of Peters et al. [15]. Plaque reduction neutralization
(PRN) titers were performed on Vero cells by the
method of Webb et al. [12].

Virus Determinations and Histological

Preparations

Organ samples from killed guinea pigs were
weighed and suspended in L-15 medium. These sam-
ples were triturated in tissue grinders and titrated for
viable virus by plaque assay. Other samples were
fixed on formalin and the sections stained with hema-
toxylin and eosin for light microscopy.

Classification of Human Syndrome

Human AHF is classified as mild, hemorrhagic,
neurological. and mixed forms of the disease [9, 10].
The patients yielding the viral strains used in this
study were classified at the time of their illness, but
the form of the human disease remained unknown to
those performing the experiments in guinea pigs.

Results

We infected 15-20 guinea pigs with low
passage level Junin isolates to calculate the
LD;, for each Junin strain tested in this ani-
mal model (table I). The range of calculated
LD, values for these strains was from <1 to
> 5.0 log), PFU. With another group of 10-15
guinea pigs, we measured the MTD for each
of these strains at a fixed 100 LD<,. The MTD
varied from 14.5 (P3235) to 25 days or greater
with other strains (P3684, P3827). Finally, in
another experiment, 15-20 additional guinea
pigs were infected with 5,000 PFU of the viral
strains, and lethality and clinical signs were
noted. At one end of the spectrum (P3235,
P3790), the guinea pigs became lethargic and

stopped eating on day 1i or 12, lost weight,
and died befcre day 18. None of these ani- N

mals was paralyzed. With other strains
(P3684, P3827), guinea pigs appeared heal-
thy until the 4th week after infection, when
some of the animals became paralvzed and

died. Candid No. | and XJ44 strains caused

no signs of illness and no deaths.
Neither the MTD nor the clinical syn-

drome in the infected animals varied as a
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Fig. 1 cont. Organ viral titers and serum antibody titers of guinea pigs infected with different Junin viral

strains.




138

Kenyon/Green/Maiztegui/ Peters

Table I1. Histological examination of tissues from
guinea pigs infected with low-passage level Junin
viral isolates®.

Viral  Time after Spleen Lymph Bone  Brain
strain  infection, node marrow

days
P3790 4 0 0 0 0

6 0 0 0 0

8 s + 0 0

l() + + + + + 0

13 ++ ++ + 0

15 +++ +++  ++++ +/0

|7 + + + + + 4+ 4+ + 4+ +
P3406 4 0 0 0 0

7 0 0 0 0

10 + + + + 0 0

12 ++ + + + 0

15 Fhd t e e+

|7 + + + o+ + + + +

2 A+ o+ 0 +
P3235 4 0 0 0 0

5 + 0 + 0

7 0 ' PR 0

9 + + + + 0 +

13 4+ 4 +++4+ 0

R + o+ ++ +e+ s 0
P3551 5 + 0 0 0

8 + + + + 0 +

13 ++ + 0 +

17 ND ND ND ND

P19 + + o+ + o+ o+ + 4

P20 + + + + + + + +

P21 ND ND ND ND
P3684 S s o 0 0

7 +44+ +++ 0 0

10 +++ +++ 0 0

15 + + 0 0

18 + + 0 +

20 + + 0

P27 + + 0 P
P3827 4 0 0 0 0

6 ND ND ND ND

8 0 0 0 0

11 0 0 0 +

14 + + 0 44+

17 + + 0 + 4

20 + 4 + 0 44

P24 + + 0 + + +

P25 0 + o+ 0 P

P26 ++ + 0 RN

0=No lesion(s): + =minimal lesion: + + =mild le-
sion; + + + - moderate lesion: + + + + =severe lesion:
ND-=notdone: P-guinca pigs paralyzed when killed.
*  No significant lesions were found in tissues from
guinea pigs infected with XJ44 or Candid No. |
strains.

function of viral dose (data not shown). For
instance, when the P3235 strain was inocu-
lated in decimal dilutions from 5x10° to
5x 102 PFU, all infected animals began to
lose weight and died about the same time.
The 50% infectious dose was the same as the
LDs,. With the P3827 strain, increasing the
inoculating dose had little effect. In groups
receiving 10°,10%, 104, or 10° PFU, we consist-
ently observed paralysis in about 20% of the
guinea pigs. All the guinea pigs inoculated
with these doses were infected, since virtually
all seroconverted, as determined by PRN as-
says (data not shown).

We killed guinea pigs infected with the
different strains of Junin virus to determine
organ viral and serum antibody titers and to
examine the tissues histologically. For each
viral strain, 12-15 guinea pigs were infected
with 5,000 PFU, and a guinea pig was killed
at each time point indicated in figure | and
table 11. The same time point in both figure |
and table I1 represents the same guinea pig.
Based on preliminary studies in our labora-
tory and on the studies of Elsner et al. [6] and
Carballal et al. [8], the primary sites for virus
isolation in Junin-infected guinea pigs are
lymph nodes, spleen, bone marrow, brain,
and serum. These were examined from each
animal, and those sites positive for virus are
shown in figure |. Those sites negative at all
time points are not shown. With two viral
strains (P3790, P3235), we found hemorrhage
of the gastric mucosa with pooling of blood
in the stomach of moribund animals. None of
the animals infected with the other strains
showed gastric hemorrhaging, and none of
the animals infected with any oi the strains
ever exhibited petechiae. We detected virus
in the spleens and lymph nodes between days
4 and 6 postinfection with all viral strains
except Candid No. I. With this strain we
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failed to detect virus in any of the organs at
any of the time points. With the most highly
virulent strains (as determined by percent
mortality) the virus levels increased with time
in spleen, lymph nodes, and, usually, bone
marrow. In terminally ill guinea pigs, virus
was detected in blood and brain. We termed
this a visceral type iliness. With other strains
(usually less virulent, as measured by percent
mortality), after 2-4 days of detectabie virus
in spleen and lymph nodes, virus could no
longer be isolated from these organs. In the
case of XJ44, there were no apparent signs of
illness, and virus was not detectable in any of
the organs through day 30. However, with
other strains (P3827, P3551, P3684), virus ap-
peared in the brains of the animals, usually in
the 4th week after infection. These animals
often exhibited progressive rear leg paralysis
(indicated by P in figure 1 and table II) and
had brain viral titers of a least 4.0 log,, PFU.
We called this a neurologic illness. When we
killed guinea pigs that were not paralyzed in
the 4th week of infection with the P3827
strain, we found that these animals also had
virus in the brains, but generally at a lower
titer than their paralyzed counterparts (10- vs.
10* PFU/g; data not shown). Histological
lesions in nonparalyzed animals were simi-
lar, although less severe than those seen in
the paralyzed animals.

The predominant histological lesions
found at different times after infection are
shown in table II. There was a consistent
lymphocytic depletion of spleen and lymph
nodes with all Junin strains (except Candid
No. I and XJ44) shortly after infectious virus
was first detected in these organs. With some
strains (P3684, P3827), this depletion was
resolved, while with other strains (P3235,
P3790, P3406), the lesions increased in sever-
ity, and we observed severe necrosis. The

lymphoid depletion and necrosis was diffuse
throughout both B and T cell dependent
areas. With the highly visceral strains (P3235,
P3790), there was also pancellular bone
marrow depletion and necrosis. These two
strains also produced severe, multifocal sites
of gastric hemorrhage and necrosis. In con-
trast, strains producing neurologic disease
typically induced only mild to moderate lym-
phocytic depletion in the spleen and lymph
nodes, and there was no necrosis; the bone
marrow remained normal. Brain lesions did
not develop in guinea pigs infected with the
visceral strains of virus. With the neurotropic
virus, lesions usually appeared as mild en-
cephalitis and polioencephalitis during the
3rd week after infection. This was most pro-
nounced with the P3827-infected paralyzed
guinea pigs which showed moderate to se-
vere polioencephalitis, first appearing in the
frontal cerebrum and, a few days later, in the
medulla oblongata (data not shown). We re-
cently examined spinal cords from animals
infected with P3827 strain and found moder-
ate to severe meningopoliomyelitis in the spi-
nal cords as well as polioencephalitis in the
brain. Not all guinea pigs inoculated with 5
log;, PFU of P3827 strain died (20% mortal-
ity), but the nonparalyzed animals we ex-
amined from days 2l to 30 showed virus in the
brains and mild polioencephalitis: all ani-
mals had detectable PRN antibody titers.

Discussion

The mortality in guinea pigs after in-
fection with viral isolates obtained from
AHF patients varied from 20 to 100%, while
the attenuated laboratory strains caused no
illness or death. There was a wide range in
MTD from 14.5 days (P3235) to greater than
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25 days (P3684 and P3827). In contrast to that
reported for Lassa viral isolates [16] the mor-
tality was not significantly increased with the
Junin isolates when strain 13 guinea pigs
were infected (data not shown). Two patterns
of disease became evident, a visceral and a
neurologic form. The visceral form, typified
by P3235 and P3790 strains, caused a rapidly
fulminating illness with widely disseminated
virus resulting in death between 2 and 3
weeks after inoculation. A common finding
observed in this form of the disease was high
viral titers in spleen, lymph node, and bone
marrow. Virus was not detectable in the brain
of these animals until a few days prior to
death, and typically viral titers in the central
nervous system (CNS) did not exceed those
found in the blood. These infected guinea
pigs were virtually never paralyzed. Histo-
logical examination showed alterations of
spleen and lymph nodes indistinguishable
from those reported for fatal human cases of
AHF [17, 18). These infected guinea pigs
usually showed bone marrow necrosis, as is
occasionally found in fatal human cases of
AHF10]. Pathology of the guinea pigs failed
to pinpoint a single cause of death, but gas-
tric hemorrhage was a contributing factor.
Failure of bone marrow functions in these
animals and compromised function of the
lymph nodes and spleen perhaps were suffi-
cient hematological and immunological in-
jury to cause these strains to be uniformly
lethal for their hosts in the 3rd week after
infection.

At the opposite end of the spectrum, there
was a different form of the disease typified by
P3827 strain. These guinea pigs showed little
evidence of the early clinical signs seen with
the visceral forms, but a consistent propor-
tion of animals showed paralysis 25 days
after infection. There was low-level viral re-

plication and minimal evidence of damage in
the spleen and lymph nodes, but no viral
replication or lesions were detectable in the
bone marrow. The hallmark of this form of
the disease was viral invasion of the brain by
the 3rd week after infection which often man-
ifested itself by rear leg paralysis. One might
speculate that certain strains of moderate
virulence that do not severely damage the
spleen and lymph nodes, but in which suffi-
cient viral replication occurs to seed the
brain, may promulgate a type of disease ex-
emplified as a late-onset paralysis. However,
entry of virus into the brain did not seem to
preclude recovery from the disease. We con-
sistently found virus in the brains of guinea
pigs infected with P3827, but only 20% of all
the animals developed paralysis. Since anti-
body is thought to cross the blood-brain bar-
rier very inefficiently [19], local synthesis of
antibody or other immune mechanisms may
be the critical events in the outcome of this
disease form. We have been unsuccessful in
obtaining cerebral spinal fluid from guinea
pigs in sufficient quantity for antibody test-
ing.

Pathology of the P3827 strain infected
guinea pigs showed an unusual sparing of the
lymphohematopoietic organs, whereas polio-
encephalitis was prevalent in the brain, and
severe lesions were present along the spinal
cord of guinea pigs that were examined [R.
Kenyon, unpubl. observations). There ap-
peared to be a striking predilection for olfac-
tory regions of the brain which was not ob-
served with any other strain of Junin virus. In
fact, we found detectable virus by plaque
formation in olfactory lobes of guinea pigs
2-4 days prior to the time when we found
virus in other parts of the brain [R. Kenyon,
unpubl. observations]. This suggested the
possibility that this virus gained entry to the
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brain via the olfactory tracts. Experiments
arein progress in which guinea pigs are infec-
ted via the respiratory route to compare the
incidence of paralysis in animals infected by
the peripheral versus the aerosol route.

Guinea pigs developing the visceral forms
of AHF consistently showed severe bone
marrow lesions. This has also been reported
for guinea pigs infected with the prototype
XJ strain of Junin [8) and for rhesus ma-
caques infected with P3790, but not with
P3406 [20]. Lesions in the bone marrow are
not consistently found in human AHF [21],
but, however, they are not a rare finding.
These differences suggest a real variation
in the pathogenic mechanisms of different
strains of the virus, but may reflect the fact
that guinea pigs are a more sensitive host to
Junin virus than Primates.

There are two neurological aspects of
AHF which are important to understanding
the disease. With human infection there is
often a neurological involvement during the
acute phase of the disease, characterized by
irritability, palmomental reflexes, abnormal
gaits, and tremors [22]. Maiztegui et al. [23]
showed that immune plasma therapy of hu-
man AHF reduced the mortality to 1%, but
11% of treated patients developed a late (2 or 3
weeks after hospital discharge) neurologic
syndrome, dominated by vertigo, oculomo-
tor palsies, and cerebellar signs [23, 24). We
cannot be sure that the early neurological
involvement is caused by viral infection of
the brain, but, based on earlier studies in our
laboratory with the guinea pig model for
AHF [25], a possible explanation for the late
neurologic syndrome may be viral replica-
tion in the brain. It is possible that there is an
immunopathological component to the neu-
rological form of the disease, since an im-
mune response, as measured by serum anti-

body, was often detectable in sick animals.
We have been unable, however, to detect
virus-specific cytolytic T cells in Junin-infec-
ted guinea pigs [26], so that component of the
immune response could not be measured.
Since we show here that only certain viral
isolates are capable of inducing a neurologi-
cal form of AHF in guinea pigs, we believe
that further attention should be given to var-
iations in Junin virus as determinants of pa-
thogenesis in man.

Other available data from our laboratory
suggest that antibody plays a pivotal role in
termination of Junin viral infections [7, 11] by
inactivating free virus and/or lysing infected
cells. Although circulating antibody was not
found before day 12 after infection with the
attenuated XJ44 strain, we showed anti-
body-dependent, cell-mediated cytotoxicity
(ADCC) by 6-8 days after infection [26], and
shortly thereafter virus disappeared from the
spleen and lymph nodes. We could not detect
ADCC with P3235 strain, and organ viral
titers continued to rise up to the time when
the animals died at 14 days postinfection.
With neurotropic strains, virus disappeared
from lymph nodes and spleen a few days
prior to the time when circulating antibody
could be detected (we only tested for ADCC
in XJ44 and P3235 infections). The virus later
appeared in the brain. There appears to be a
delicate balance between early viral replica-
tion and subsequent antibody synthesis.
Some strains replicated rapidly and killed
their host before an immune response oc-
curred (P3235). Other viral strains replicated
to a low level and then could no longer be
detected (XJ44). Intermediate forms repoli-
cated, seeded the brain, and were eliminated
(probably immunologically) from all organs
but the CNS whichled to a neurologic type of
disease. Experimental intervention can upset
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these balances. For instance, immunosup-
pressive drugs cause XJ44 strain to behave as
a virulent strain [11], and correctly timed ad-
ministration of immune serum can cause a
P3235 infection to induce a neurologic type
of disease [25].

Although arenaviruses are notorious for
variations in their biologic properties based
on passage history and emergence of variants
[6, 27], we believe the differences seen here
reflect valid genetically determined proper-
ties of the field strains tested. All were low-
passage isolates, and the observed disease
patterns were similar regardless of virus
dose. Furthermore, three of the viruses were
subjected to exhaustive plaque cloning, and
each of the progeny clones bred true to par-
ental virulence pattern (data not shown).

The clinical responses of rhesus monkeys
infected with different strains of AHF corre-
lated well with those of the AHF patients
from which the strains were isolated [4]. The
correlation did not appear as close in the
guinea pig model. However, the human dis-
ease form is based on a single case, and the
individual usually received immune plasma
as well as supportive care. The disease form
in rhesus monkeys was based on 3 or 4 ani-
mals. Neither of our most neurotropic strains
(P3684 and P3827) has been tested yet in
monkeys. Like humans, guinea pigs did exhi-
bit different forms of AHF and reflected dif-
ferences in pathogenic potentials of the
strains. These differences appeared to be rel-
atively stable. The strain differences should
be remembered when considering some of
the classical guinea pig pathogenesis data
based solely on the prototype XJ strain. In
fact, some of these studies state that the only
reservation in the use of guinea pigs as a
model forhuman AHF infection is the failure
to show CNS involvement. Our data clearly

show CNS involvement dependent on the
strain of virus used. Perhaps, using the poten-
tials available to us with the different forms
of the guinea pig disease, we can more accu-
rately model the different human disease
forms to further advance treatment and sup-
portive care.
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