
Status of arenavirus vaccines and their application
KARL M. JOHNSON

A limited but definite need exists for vaccines against Lassa, Junin, and Machupo
viruses. Medical and laboratory personnel, as well as defined high-risk population groups,
require protection from these highly virulent agents. To date little work has been done on
inactivated vaccines for these viruses. A live attenuated Junin vaccine has been tested
successfully in more than 600 persons, and a high-passage Machupo virus strain has
protected rhesus monkeys against lethal infection produced by a homologous field strain.

Work has been initiated on possible heterologous protection induced by infection or
antigenic stimulation with arenaviruses not pathogenic for man. Crucial for the eventual
development of effective vaccines are the construction of more maximum security labora-
tories and the further elucidation of the experimental and natural biology of the agents in
lower animals and man.

The development of nearly all virus vaccines per-
fected in this century has followed 3 fundamental
stages: (a) identification of the viral agent and
disease in question, with appropriate indications for
a vaccine, (b) elucidation of the biology of the virus
and its behaviour in suitable experimental animals,
and (c) demonstration of the potency and safety of
either a live attenuated or an inactivated vaccine for
animals and finally for man. These requisites have
not yet been met completely for any of the 4 human
arenavirus pathogens (the most progress has been
made in research on Junin virus, cause of Argentine
haemorrhagic fever). My purpose here is to review
the status of, and the prospects for, arenavirus
vaccines.

INDICATIONS FOR VACCINES

Lymphocytic choriomeningitis (LCM) virus was
recognized more than 40 years ago. Although it can
produce severe acute disease in man, with prominent
neurological manifestations, only 5 documented
fatalities have been recorded (1, 2). This fact, to-
gether with the essentially sporadic occurrence of
infection and the absence of serious permanent post-
infectious sequelae, accounts for the lack of a scien-
tific literature on LCM vaccine development. Were
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such a product available, it appears that indications
for its use today would be largely confined to
persons having contact with Syrian hamsters, e.g.,
animal caretakers, research personnel, pet dealers,
and hamster fanciers.
The same cannot be said of the newer arena-

viruses, Junin, Machupo, and Lassa. Each of these
agents is highly pathogenic for man, and each can be
transmitted by aerosol. Thus, personnel engaged in
the laboratory diagnosis and study of the viruses
must be protected. Vaccines would surely be super-
ior to the expensive and cumbersome engineering
solutions currently necessary.
A second group of persons needing such vaccines

comprises medical and paramedical workers in areas
of endemic infection. Handling of blood and infec-
tious excretions and secretions of patients is danger-
ous and, in the case of Lassa virus in particular, the
aerosol hazard associated with patient care has
proved appalling.

Finally, there may be a need for vaccination of
certain population groups at relatively high risk of
infection. At the moment these comprise less than
100 000 persons in the endemic zone of Bolivia, and
perhaps up to 5 times that number of workers and
families engaged in maize harvesting in Argentina.
The geographic distribution, ecological confines, and
true incidence of Lassa fever are as yet insufficiently
known to permit a reasonable estimate of the pop-
ulation-based need for such a vaccine.
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VACCINE DEVELOPMENT

General considerations
These are basically the same as for any virus

vaccine and need not be reviewed in detail here. It is
important, however, to remind ourselves and the
public that 3 biological properties of these arena-
viruses have slowed, and will continue to slow, the
pace of vaccine development. These are (a) the need
for maximum security laboratories in which to do
the work, (b) the high mortality associated with
natural infection, and (c) the definite but as yet
poorly understood lymphotrophism of the viruses.
Arenaviruses attack the immunological organs of
primates, including man. We do not understand
exactly how, nor with what long-term consequences.
Yet there is no question but that the unique com-
plexity of this host-parasite relationship signals cau-
tion on the road to a vaccine-based solution to these
diseases.

Inactivated vaccines
While certainly attractive in terms of develop-

mental cost, especially for the protection of small,
high-risk groups, such as laboratory and medical
personnel, inactivated vaccines pose two very real
problems. The first is the question of residual live
virus. The second is that of potency. Moreover, these
dangers are interrelated, as I shall attempt to demon-
strate.
Smadel & Wall (3) long since showed that formal-

dehyde-inactivated virions, but not the soluble com-
plement-fixing (CF) antigen of LCM virus, would
immunize guinea-pigs against lethal homologous in-
fection. Their data are summarized in Table 1. Note
that although survival following challenge with
about 104LDse of virus was obtained after 2 injec-
tions, the febrile response was abolished only after 4;
neutralizing (N) antibodies were detectable in just
half of these animals. Furthermore, the vaccine
employed was obtained from infectious guinea-pig
spleens and contained about 107LDse of virus. Basic-
ally similar results were obtained in 2 studies with
inactivated Junin virus in guinea-pigs. In one in-
stance, mouse brain pools of 2 different strains were
inactivated with neutral red and ultraviolet light and
were inoculated 3 times during a 30-day interval.
Fifteen days later half of one immunized group of
animals and all of the other group survived challenge
with about 103LD55 of virus (4). In another study,
formolized mouse brain virus was inoculated at 0, 7,

14, and 83 days. This regimen induced N antibody

Table 1. Responses of guinea-pigs immunized with
inactivated LCM virus or soluble antigen and challenged
with live virus a

Responses to challenge b
after immunization c with:

Type of
response Washed virus Soluble antigen

1 2 3 4 4 5

Reciprocal
CF titre <4 16 16 16 <4 <4

N antibody NTd NT neg. 3/6 pos. neg. neg.

Fever + + 2/3 0/6 + +

Death 3/3 1/3 0/3 0/6 3/3 3/3

a Adapted from Smadel & Wall (3).
b Challenge approximatefy 104 guinea-pig LD5o.
c The figure at the head of each column is the number of injections

of immunizing agent.
d NT = not tested.

indices of at least 102 in all animals, but no CF
antibodies, and all but one of 46 survived challenge
with 10'LD5s of Junin virus on day 101 (5).
So far so good. But there are problems. For

example, infectivity yields of Machupo virus grown
in primary or diploid cell cultures have rarely ex-
ceeded 1 % of those obtained from animal tissues in
the experiments alluded to above (P. A. Webb et al.,
unpublished observations, 1970).
Although cell cultures are much cleaner than

tissue preparations and are therefore more demand-
ing as regards complete inactivation, the immunity
they induce might be quantitatively inferior to that
induced by viral infection and would certainly be
expected to be qualitatively deficient. Since arena-
viruses are RNA viruses and share host-cell mem-
brane morphogenetic properties with myxoviruses,
such as measles and respiratory syncytial virus, the
risk of immunopathological syndromes such as those
attendant upon natural infectious challenge of
humans vaccinated with preparations of low potency
to the latter viruses (6, 7) is of real concern. Alter-
natively, even if we can endure the allergic stigmata
of mouse brain, or avoid it by using material
harvested prior to the 5th day of mouse life (8, 9), we
must still be concerned about residual live virus. In
this connexion, the classic example is that of Ve-
nezuelan encephalitis virus. An inactivated experi-
mental vaccine passed exhaustive safety tests in cell
cultures and a variety of animals, including mon-
keys, yet produced infection and disease in 14 of 327
persons receiving it (10).
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Perhaps the use of virus strains attenuated for
animals that respond to field strains in a manner

similar to man offers the best hope for the prepara-

tion of experimental killed vaccines for use in man.

Such strains exist in the case of Junin and Machupo
viruses, as will be detailed below.

Before any inactivated vaccine is tested in man,

many other questions require examination. Some of
these are the degree of viral aggregation in suspen-

sions of tissue and cell culture origin, the feasibility
of virus concentration, the action of inactivating
agents other than formaldehyde, and the enhance-
ment of immune response by the use of adjuvants.
Although I know of no licensed vaccine prepared in
animal tissues that has not been inactivated by
formaldehyde and combined with adjuvants, careful
consideration of the risk-benefit ratio in the case of
high-risk individuals might warrant the use of other
inactivating agents if tests for complete inactivation
and high potency are successfully met.

Live attenuated vaccines

Work on live attenuated vaccines has been limited
to Junin and Machupo viruses, and progress has
clearly been greater in the case of the first agent.

Junin virus. The guinea-pig-adapted XJ strain of
Junin virus multiplies rapidly and widely in this
animal, producing fever, viraemia, weight loss, leuko-
penia, thrombocytopenia, and death in 10-15 days
(11, 12). In contrast, a mouse-brain-passaged sub-
line of this agent proved nonpathogenic for guinea-
pigs and a plaque-purified clone grown in a continu-
ous rabbit kidney line (MA-1Il) was found to
replicate poorly; no viraemia, no weight loss, and
only minimal fever and leukopenia were observed.
Virus was recovered only from lymph nodes and
spleen between the 8th and 15th day after inocula-
tion (13). Antibodies were detectable by both CF
and N techniques at 20 days and N antibody indices
were about 103 5 at 30 days and 60 days. Groups of
4 animals completely resisted challenge with 100
LD50 of the parent XJ strain, 10, 20, 30, and 60 days
after vaccination.
At the time of writing, 636 persons of both sexes,

ranging from 11 to 77 years old, have been vac-

cinated, in steadily larger groups, with about 107
mouse LD50 of this material prepared in baby mouse
brain and stabilized by the addition of heat-inactiv-
ated rabbit serum in a concentration of 10 ml/100 ml
(14). No deaths or serious illnesses have occurred.
Tests for viraemia done 8, 10 and 12 days after
vaccination on 7 volunteers were negative. Clinical

Table 2. Frequency of clinical and laboratory abnor-
malities after vaccination with Junin XJ CL3 virusa

Finding Number %examined positive

Fever >37.5°C 619 28

Fever >38C 619 5

Myalgia 406 32

Asthenia 406 29

Headache 406 24

Retro-orbital pain 406 26

Conjunctival injection 406 5

Decreased arterial pressure 406 10

Lymphadenopathy 406 9

Enanthema or petechiae 619 5

Local reaction 213 2

Leukopenia (<5000 cells/mm3) 57 70

Thrombocytopenia (<150 000 cells/mm3) 57 28

Leukopenia and thrombocytopenia 57 19

a Adapted from Rugiero, H. A. et al. (14).

and laboratory findings in other vaccinees are sum-
marized in Table 2. Abnormalities were detected in
about three-fourths of the subjects. They were gen-
erally mild, occurred principally from 3 to 10 days
after vaccination, and resolved spontaneously. Only
8 persons had to be kept in bed, none longer than
3 days. Follow-up clinical and haematological
examinations done 2-5 years later on 320 persons
failed to disclose any overt chronic or latent disease
process that might be readily attributed to Junin
virus infection.

Junin virus N antibodies were detected in 92% of
105 vaccinees after I to 2 months, and in 74% of 31
persons tested one year after inoculation. Evidence
for protection was also cited. In 1970, some 190
people were vaccinated in the village of Racangua,
which has a population of about 1800. Until the end
of 1973 approximately 70 cases of haemorrhagic
fever occurred in residents, none of them among the
vaccinees.

In brief, an experimental live-attenuated Junin
virus vaccine has been prepared and tested in man. It
produces mild illness and specific antibodies and has
apparently provided protection against natural infec-
tion. This vaccine might be judged safer, however,
were it prepared in cell cultures. Similarly, one might

731



K. M. JOHNSON

Table 3. Changes in properties of Machupo virus after
serial mouse passage.

passages Changes noted

10 Lethal for newborn Calomys callosus. Plaques in
WI-38 human cells are turbid.

20 Lethal for newborn and adult Calomys callosus. Loss of
pathogenicity for guinea-pigs. Loss of viraemic action,
reduced pathogenicity for marmosets. Antigenic
change, virus neutralization.

50 No growth in continuous human lymphoblast cells.

60 Poor growth, no CPE or plaques, WI-38 cell cultures.

80 Small (± 1 mm) plaques in Vero cells.

wish to have more information concerning its bio-
logical stability and the markers distinguishing it
from wild virus. At present only two in vitro vaccine
markers have been found; smaller plaques and the
absence of cytopathic effect in Vero cell cultures
maintained in an atmosphere containing carbon
dioxide (15).

Machupo virus. The work to be described repre-
sents a progress report on unpublished studies cur-
rently under way in our laboratory. We are grateful
to Dr Gerald Eddy, US Army Medical Research
Institute for Infectious Diseases, for permission to
cite data from an experiment performed in his
laboratory using rhesus monkeys.

Several years ago we began passaging two strains
of Machupo virus (one of human origin, the other
from a wild Calomys rodent) in specific pathogen-
free suckling mice. The source material in each
instance was splenic tissue and brain-brain transfers
were made at weekly intervals for 20 passages, and
twice weekly thereafter. No changes in animal
pathogenicity or in a variety of in vitro markers were
found after 100 passages of the Calomys isolate. The
series of changes detected with the human strain are
summarized in Table 3. They suggest a process of
selection rather than one or more mutations. Work-
ing with virus at the 80th passage level (SM80) we
soon discovered that a major antigenic change had
occurred between passages 10 and 20. Although
reciprocal comparison of parent (SM2) and progeny
by the CF method disclosed no quantitative differ-
ences, it was found that infection of hamsters,

Table 4. Responses of rhesus monkeys to SM80 and SH3 Machupo virus infection. a

Pattern A (3 animals) Pattern B (1 animal) Control (2 animals)
SM80, 1000 or 20 PFU SM80, 20 PFU SH3, ca. 106 PFU

Day after
inoculation b with Reciprocal titre Reciprocal titre
SM80 or SH3 Viraemia Viraemia Viraemia

CF Neutralization c CFiraemialzationSM2SM80 SM2 CF SM80 SM2

7 0 <4 -d - 0 <4 _ _ Neg. 4x103PFU/ml

14 0 AC e _ - 0 AC e - - 2x105 2x103

21 0 <4 64 <4 0 <4 8 <4 Died

41 - <4 16 <4 - <4 4 <4 Died

60f - <4 16 <4 - <4 8 <4

63 0 g <4 32 4 0 <4 8 <4

66 0g <4 128 4 + 16 8 <4

69 0 <4 >256 4 + 4 8 <4

75 0 32 >256 8 + 8 8 <4

90 - 128 >256 64 Died day 81

a SM = suckling mouse, SH = suckling hamster.
b All inoculations done by subcutaneous route.
c Neutralization endpoints based on 80 % reduction 50-100

PFU in Vero cell monolayers.
d - = not tested.

e AC = anticomplementary.
f Day of SH3 challenge.
g One animal had viraemia detected only by use of suckling

hamsters. Quantity too low to titrate accurately.
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Calomys, or guinea-pigs with SM80 produced high
levels of homologous N antibodies but very little
antibody against SM2. In contrast, SM2 virus induced
antibodies capable of neutralizing both agents to
equal titres. Plaque purification and retesting, as
well as immunological and biological assays for all
other known arenaviruses except Lassa virus, failed
to disclose the presence of another contaminating
agent in either stock.

It was subsequently found that SM2 virus, but not
SM80 virus, would grow in cell cultures at 41°C, the
limit of host cell viability. All of 11 guinea-pigs
challenged with 104 PFU of SM2 virus 1 or 4 months
after infection with SM80 survived without overt
signs of illness or significant weight loss. Most but
not all of these animals had low titres of N anti-
bodies to SM2 at the time of challenge, and further
increases were observed subsequently.

In another experiment, 4 rhesus monkeys were
inoculated subcutaneously with SM80; 2 received
1000 PFU and 2 were given 20 PFU. Sixty days later
these animals, which had remained normal after
their initial infection, were inoculated with 106 PFU
of third-passage Machupo virus. Two control mon-
keys received a similar virus dose. The results are

summarized in Table 4. The SM80 virus induced
moderate levels of homologous N antibody, no

antibody to SM2 virus, and no CF antibody. After
challenge, 3 of the animals evinced little or no

viraemia, developed CF and N antibodies to SM2
virus, and showed increased titres to SM80 virus.
Two of them were depressed and anorectic for
several days. Following SH8 challenge, the animal
that had the poorest immunological response to
SM80 died viraemic and with no SM2 antibody
response, although a secondary SM80 N antibody
increase was noted. The control monkeys died.
At the present time we have 6 more monkeys

infected with 105 PFU of SM80 virus awaiting
challenge 4 months after inoculation. All have
N antibody titres of at least 1: 128 to SM80 and
at least 1: 16 to SM2; 5 of the 6 monkeys have
low-titre CF antibodies (Table 5).

Efforts also have been started to passage and
purify the SM80 mouse brain stocks in human and
monkey diploid cell strains. Preliminary data suggest
that this is feasible, albeit plaque production was not
obtained until at least 3 serial passages had been
done and infectivity titres obtained in these cells
rarely exceeded 105 infectious units per millilitre.

Heterologous arenavirus infection. The early stu-
dies done in several laboratories on the immunolog-

Table 5. Responses of rhesus monkeys to Machupo
virus, SM80 strain a

Reciprocal titre:

32 days 90 days
Monkey

Neutralization Neutralization
CF CF

SM80 SM2 SM80 SM2

1 16 128 <4 8 256 64

5 16 128 8 8 128 64

7 16 128 8 16 >256 >256

9 16 64 <4 16 >256 16

17 64 256 8 ACb 256 256

19 8 128 16 4 128 16

a Inoculum 200 000 PFU, subcutaneous route.
b Anticomplementary.

ical relationships among Tacaribe-complex arena-
viruses disclosed that hamsters, mice, or guinea-pigs
hyperimmunized with Tacaribe virus frequently
developed small amounts of neutralizing antibody to
Junin virus. Two experiments were subsequently
carried out to measure the possible cross-protection
evoked by the Tacaribe agent, a virus probably
nonpathogenic for man. Guinea-pigs were given one
or more injections of Tacaribe and then challenged
2 weeks to 1 month after the last injection with up to
105LD50 of virulent Junin virus. Complete clinical
protection was obtained. The interpretation of these
results was not clear, however, since Tacaribe virus
could be recovered irregularly from the animals as
long as 48 days after the initial infection, and
because only 2 animals were ever found to have any
detectable Junin neutralizing antibodies prior to
challenge. Viral interference seemed as likely an
explanation as immunological protection (16, 17). In
another study, Wiebenga (18) showed conclusively
that maternal Tacaribe-neutralizing antibodies failed
to protect suckling hamsters against small amounts
of either Junin or Machupo viruses. Significant
homologous protection was observed.
Our own unpublished work with marmosets

(Saguinus geoffroyi) was also negative. Animals were
infected with Tacaribe or with mouse-adapted Junin
viruses. None sickened and 2 months later all had
significant levels of homologous neutralizing anti-
bodies: titres of 1: 16 to 1: 64 in plaque reduction
tests. When challenged with 104PFU of Machupo
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virus, 4 of 5 animals inoculated with Junin virus died
after 11-26 days and all 4 marmosets infected with
Tacaribe virus succumbed within 12 days.

Finally, the preliminary observations reported by
Eddy et al. (19) on the Machupo-protective effect

elicited by simultaneous inoculation.of 2 heterolog-
ous arenaviruses are encouraging. This type of
model appears to offer the possibility of determining
which are the important immune parameters in
resistance to virulent arenavirus infection.

R1ESUMmt

LES VACCINS ANTI-ARENAVIRAUX ET LEURS APPLICATIONS

II est tres nettement n6cessaire de vacciner certains
individus et certaines populations a haut risque contre
trois arenavirus r6cemment decouverts. Bien que l'on
comprenne mieux aujourd'hui la pathogenie de ces virus
chez les animaux de laboratoire et qu'on ait experie-
ment6 avec succes sur l'homme un vaccin viral Junin
vivant att6nu6, il reste beaucoup a faire avant qu'on
puisse consid6rer le probleme comme resolu. Tot ou
tard, la preparation de virus inactiv6s, les souches de
virus homologues att6nu6s et les ar6navirus h6terologues
qui ne sont pas naturellement pathogenes pour l'homme

auront tous un rble a jouer. II ne faudra pas effectuer
des essais initiaux sur 1'homme avec des virus vivants
avant que ceux-ci aient fait l'objet d'6tudes trEs pouss6es
sur les animaux, y compris les primates. En outre, il sera
indispensable de disposer de plasma humain ou de
gamma-globuline specifique de convalescent et d'instal-
lation medicales permettant l'isolement et les soins inten-
sifs. Le fait nouveau le plus encourageant est sans doute
la construction d'au moins trois laboratoires de haute
securite oiL pourront etre etudies ces virus ainsi que
d'autres non moins dangereux.
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DISCUSSION

FABIYI: I think we all agree that an eventual and import-
ant aim will be to prepare a useful vaccine for Lassa
virus, in particular. For the time being, however, what
we need is to know more about this agent before we
begin developing a vaccine. Lassa virus has not been
worked with outside the laboratory here at CDC. Until
we reach the stage where it can be handled in a number
of places, I think we are going to have rather a formidable
problem as regards the preparation of a vaccine.

K. JOHNSON: Your remarks are well taken. The fact
that further high security laboratories have been built
and are being built in England and in Germany is a
reason for fresh optimism, but until we have more than
one laboratory for virus studies, I agree that progress
will be very slow.

HOTCHIN: I would like to endorse your caution. There is
very solid evidence in the literature that a little immunity
to LCM is dangerous. Traub talked about accelerated
death in mice with waning immunity, and we have
shown that if you give subcutaneous virus to mice, you
can easily protect them, but if you challenge them
intracerebrally with a small but partially lethal dose of
virus during the development of the immunity, they die
much more quickly and more frequently. It is therefore
essential to make sure of achieving a sufficiently high
degree of immunity.

CASALS: Dr Johnson has defined very clearly the three
groups of people that are at risk and are candidates for

receiving vaccine: the scientists that work with the viruses,
the medical and paramedical personnel in hospitals, and
the general population. A vaccine for administration to
the general population should be a live, attenuated prep-
aration; of course, it may be many, many years before
such a vaccine is developed, accepted, and licensed. But
there is a much smaller group of scientists and medical
personnel who deal with patients with Lassa fever, for
example, for whom we should consider the usefulness
of a killed vaccine. The number of doses of vaccine
necessary would really be very limited. Although there
are certain risks that may be involved in the use of a
killed vaccine, preparation of such a vaccine could be
accomplished in a very short time. We should not forget
that the Japanese have given their formalin-inactivated
Japanese encephalitis vaccine to millions of people very
successfully, and I understand that in Sweden the Salk
type of poliomyelitis vaccine is still used.

WOODRUFF: I should like to support Dr Casals in his
views. We should be making preliminary approaches
towards the vaccine problem. I am not at all convinced
by the argument that we ought to wait until there are
many high security laboratories working on the subject
before the development of a vaccine is started. I should
like to see work initiated on the use of diploid cells for
replication of Lassa virus. This could be done at an early
stage and might well pave the way for the production
of an effective vaccine. Certainly a vaccine for selected
groups would be extremely useful.


